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[MomaBaHe Ha OYHKLMM KaTO NapaMeTpy

B Scheme cyHkunmnTe ca “nbpBoknacHu’ cToiiHOCTM.
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,F[y)__ X =¥

Mpumepu: )_,1

o (define (fixed-point? f x) (= (f x) x))

Tpudon Tpucporos (PrM-N 16/17) DyHKUNM OT NO-BUCOK pea, 20-27 okTtomepu 2016 r. 2/ 26



DyHKUMNTE KaTO NapameTpu

[MomaBaHe Ha OYHKLMM KaTO NapaMeTpy

B Scheme cyHkunmnTe ca “nbpBoknacHu’ cToiiHOCTM.

Mpumepu:
o (define (fixed-point? f x) (= (f x) x))
o (fixed-point? sin 0) — 7

Tpudon Tpucporos (PrM-N 16/17) DyHKUNM OT NO-BUCOK pea, 20-27 okTtomepu 2016 r.

2 /26



DyHKUMNTE KaTO NapameTpu

[MomaBaHe Ha OYHKLMM KaTO NapaMeTpy

B Scheme cyHkunmnTe ca “nbpBoknacHu’ cToiiHOCTM.

Mpumepu:
o (define (fixed-point? f x) (= (f x) x))
o (fixed-point? sin 0) — #t

Tpudon Tpucporos (PrM-N 16/17) DyHKUNM OT NO-BUCOK pea, 20-27 okTtomepu 2016 r.

2 /26



DyHKUMNTE KaTO NapameTpu

[MomaBaHe Ha OYHKLMM KaTO NapaMeTpy

B Scheme cyHkunmnTe ca “nbpBoknacHu’ cToiiHOCTM.

Mpumepu:
o (define (fixed-point? f x) (= (f x) x))
o (fixed-point? sin 0) — #t
e (fixed-point? exp 1) — 7

Tpudon Tpucporos (PrM-N 16/17) DyHKUNM OT NO-BUCOK pea, 20-27 okTtomepu 2016 r.

2 /26



DyHKUMNTE KaTO NapameTpu

[MomaBaHe Ha OYHKLMM KaTO NapaMeTpy

B Scheme cyHkunmnTe ca “nbpBoknacHu’ cToiiHOCTM.

Mpumepu:
o (define (fixed-point? f x) (= (f x) x))
o (fixed-point? sin 0) — #t
o (fixed-point? exp 1) — #f

Tpudon Tpucporos (PrM-N 16/17) DyHKUNM OT NO-BUCOK pea, 20-27 okTtomepu 2016 r.

2 /26



DyHKUMNTE KaTO NapameTpu

[MomaBaHe Ha OYHKLMM KaTO NapaMeTpy

B Scheme cyHkunmnTe ca “nbpBoknacHu’ cToiiHOCTM.

Mpumepu:
o (define (fixed-point? f x) (= (f x) x))
o (fixed-point? sin 0) — #t
o (fixed-point? exp 1) — #f
o (fixed-point? expt 0) — 7

Tpudon Tpucporos (PrM-N 16/17) DyHKUNM OT NO-BUCOK pea, 20-27 okTtomepu 2016 r.

2 /26



DyHKUMNTE KaTO NapameTpu

[MomaBaHe Ha OYHKLMM KaTO NapaMeTpy

B Scheme cyHkunmnTe ca “nbpBoknacHu’ cToiiHOCTM.

Mpumepu:
o (define (fixed-point? f x) (= (f x) x))
o (fixed-point? sin 0) — #t

o (fixed-point? exp 1) — #f (d{J'\"’(, (-P Y‘a) (‘f Y}”

o (fixed-point? gxpt 0) — [peukal

Tpudon Tpucporos (PrM-N 16/17) DyHKUNM OT NO-BUCOK pea, 20-27 okTtomepu 2016 r. 2/ 26



DyHKUMNTE KaTO NapameTpu

[MomaBaHe Ha OYHKLMM KaTO NapaMeTpy

B Scheme cyHkunmnTe ca “nbpBoknacHu’ cToiiHOCTM.

Mpumepu:
o (define (fixed-point? f x) (= (f x) x))
o (fixed-point? sin 0) — #t
o (fixed-point? exp 1) — #f
o (fixed-point? expt 0) — [peukal

@ (define (branch p? f g x) (if (p? x) (f x) (g x)))

Tpudon Tpucporos (PrM-N 16/17) DyHKUUM OT NO-BUCOK pea,

20-27 okTomepu 2016 r.

2 /26



DyHKUMNTE KaTO NapameTpu

[MomaBaHe Ha OYHKLMM KaTO NapaMeTpy

B Scheme cyHkunmnTe ca “nbpBoknacHu’ cToiiHOCTM.

Mpumepu:
o (define (fixed-point? f x) (= (f x) x))
o (fixed-point? sin 0) — #t

(fixed-point? exp 1) — #f

(fixed-point? expt 0) — [peukal

(define (branch p? f g x) (if (p? x) (£ x) (g x)))
(branch odd? exp fact 4) — ?

Tpudon Tpucporos (PrM-N 16/17) DyHKUNM OT NO-BUCOK pea, 20-27 okTtomepu 2016 r. 2/ 26



DyHKUMNTE KaTO NapameTpu

[MomaBaHe Ha OYHKLMM KaTO NapaMeTpy

B Scheme cyHkunmnTe ca “nbpBoknacHu’ cToiiHOCTM.

Mpumepu:
o (define (fixed-point? f x) (= (f x) x))
o (fixed-point? sin 0) — #t

(fixed-point? exp 1) — #f

(fixed-point? expt 0) — [peukal

(define (branch p? f g x) (if (p? x) (£ x) (g x)))
(branch odd? exp fact 4) — 24

Tpudon Tpucporos (PrM-N 16/17) DyHKUNM OT NO-BUCOK pea, 20-27 okTtomepu 2016 r. 2/ 26



DyHKUMNTE KaTO NapameTpu

[MomaBaHe Ha OYHKLMM KaTO NapaMeTpy

B Scheme cyHkunmnTe ca “nbpBoknacHu’ cToiiHOCTM.

Mpumepu:
o (define (fixed-point? f x) (= (f x) x))
(fixed-point? sin 0) — #t
(fixed-point? exp 1) — #f
(fixed-point? expt 0) — [peukal
(define (branch p? f g x) (if (p? x) (£ x) (g x)))
(branch odd? exp fact 4) — 24
(define (id x) x)

Tpudon Tpucporos (PrM-N 16/17) DyHKUNM OT NO-BUCOK pea, 20-27 okTtomepu 2016 r. 2/ 26



DyHKUMNTE KaTO NapameTpu

[MomaBaHe Ha OYHKLMM KaTO NapaMeTpy

B Scheme cyHkunmnTe ca “nbpBoknacHu’ cToiiHOCTM.

Mpumepu:
o (define (fixed-point? f x) (= (f x) x))
(fixed-point? sin 0) — #t
(fixed-point? exp 1) — #f
(fixed-point? expt 0) — [peukal
(define (branch p? f g x) (if (p? x) (£ x) (g x)))
(branch odd? exp fact 4) — 24
(define (id x) x)
(branch number? log id "1") — 7

Tpudon Tpucporos (PrM-N 16/17) DyHKUNM OT NO-BUCOK pea, 20-27 okTtomepu 2016 r. 2/ 26



DyHKUMNTE KaTO NapameTpu

[MomaBaHe Ha OYHKLMM KaTO NapaMeTpy

B Scheme cyHkunmnTe ca “nbpBoknacHu’ cToiiHOCTM.

Mpumepu:
o (define (fixed-point? f x) (= (f x) x))
(fixed-point? sin 0) — #t
(fixed-point? exp 1) — #f
(fixed-point? expt 0) — [peukal
(define (branch p? f g x) (if (p? x) (£ x) (g x)))
(branch odd? exp fact 4) — 24
(define (id x) x)
(branch number? log id "1") — "1"

Tpudon Tpucporos (PrM-N 16/17) DyHKUNM OT NO-BUCOK pea, 20-27 okTtomepu 2016 r. 2/ 26



DyHKUMNTE KaTO NapameTpu

[MomaBaHe Ha OYHKLMM KaTO NapaMeTpy

B Scheme cyHkunmnTe ca “nbpBoknacHu’ cToiiHOCTM.

Mpumepu:
o (define (fixed-point? f x) (= (f x) x))
(fixed-point? sin 0) — #t
(fixed-point? exp 1) — #f
(fixed-point? expt 0) — [peukal
(define (branch p? f g x) (if (p? x) (£ x) (g x)))
(branch odd? exp fact 4) — 24
(define (id x) x)
(branch number? log id "1") — "1"

(branch string? number? procedure? symbol?) — ?

Tpudon Tpucporos (PrM-N 16/17) DyHKUNM OT NO-BUCOK pea, 20-27 okTtomepu 2016 r.

2 /26



DyHKUMNTE KaTO NapameTpu

[MomaBaHe Ha OYHKLMM KaTO NapaMeTpy

B Scheme cyHkunmnTe ca “nbpBoknacHu’ cToiiHOCTM.

Mpumepu:
o (define (fixed-point? f x) (= (f x) x))
(fixed-point? sin 0) — #t
(fixed-point? exp 1) — #f
(fixed-point? expt 0) — [peukal
(define (branch p? f g x) (if (p? x) (£ x) (g x)))
(branch odd? exp fact 4) — 24
(define (id x) x)
(branch number? log id "1") — "1"

(branch string? number? procedure? symbol?) — #t

Tpudon Tpucporos (PrM-N 16/17) DyHKUNM OT NO-BUCOK pea, 20-27 okTtomepu 2016 r.

2 /26



DyHKUMNTE KaTO NapameTpu

[MomaBaHe Ha OYHKLMM KaTO NapaMeTpy

B Scheme cyHkunmnTe ca “nbpBoknacHu’ cToiiHOCTM.

Mpumepu:
o (define (fixed-point? f x) (= (f x) x))
(fixed-point? sin 0) — #t
(fixed-point? exp 1) — #f
(fixed-point? expt 0) — [peukal
(define (branch p? f g x) ((if (p? x) £ g) x))
(branch odd? exp fact 4) — 24
(define (id x) x)
(branch number? log id "1") — "1"

(branch string? number? procedure? symbol?) — #t

Tpudon Tpucporos (PrM-N 16/17) DyHKUNM OT NO-BUCOK pea, 20-27 okTtomepu 2016 r.

2 /26



DyHKUMNTE KAaTO NapameTpu

DyHKLMM OT MO-BUCOK pea

HedvHnyms
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MO-BUCOK pefs.
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DyHKUMNTE KaTO NapameTpu

PyHKLMN OT NO-BUCOK pef

Hecbunnymns

PyHKUMSA, KOATO npuema hbyHKUMS 33 NapaMeTbp Ce Hapu4a yHKLMsS OT
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e fixed-point? u branch ca yHKLMUM OT NO-BUCOK pen
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Tpudon Tpucporos (PrM-N 16/17)

DyHKUUN OT NO-BUCOK pea 20-27 okTomepu 2016 r. 3/26



DyHKUMNTE KaTO NapameTpu

PyHKLMN OT NO-BUCOK pef

Hecbunnymns

PyHKUMSA, KOATO npuema hbyHKUMS 33 NapaMeTbp Ce Hapu4a yHKLMsS OT
MO-BUCOK pefs.

e fixed-point? u branch ca yHKLMUM OT NO-BUCOK pen
o [Mpumepn 3a MmaTemaTuyecku yHKLUU OT MO-BUCOK pea’

o Bcnuku dyHkuum B A-cmsiTtaHeTo ca oT no-Bucok peg!
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3ajayun 3a cymumpate

3apava: [a ce npecmeTHaT cnegHUTE Cymu: ﬂ/ I,
O K>+ (k+1)>+...4+100% 3a k < 100 I3
@ [P f(x) ~ Ax[f(a) + f(a+ Ax) + f(a+2Ax) + ... + f(b)]

O x+ X+ e + e +...gokaTo nopegHoTo crbupaemo e < 1

01000
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»
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ObobuieHa yHKUMSA 3a CyMupaHe

[a ce Hannwe dyHKUUS OT NO-BUCOK ped sum, KOSITO MpecMsiTa cymaTa:

b

Z term(i).

i=a
i«—next (i)
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ObobueHa dyHKLUNA 33 CyMupaHe

[a ce Hannwe dyHKUUS OT NO-BUCOK ped sum, KOSITO MpecMsiTa cymaTa:

b

Z term(i).

i=a
i«—next (i)

(define (sum a b term next)
(if > ab) 0 (+ (term a) (sum (next a) b term next))))
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DyHKUMNTE KAaTO NapameTpu

[MpunoxkeHust Ha sum

Pewenune Ha 3apgaymnTe 3a cymm ypes sum:

100

2.7
i=k
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DyHKUMNTE KaTO NapameTpu

[MpunoxkeHust Ha sum

Pewenune Ha 3apgaymnTe 3a cymm ypes sum:

100
Ziz (define (square x) (* x x))
i=k (define (1+ x) (+ x 1))
(define (suml k) (sum k 100 square 1+))
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DyHKUMNTE KaTO NapameTpu

[MpunoxkeHust Ha sum

Pewenune Ha 3apgaymnTe 3a cymm ypes sum:

100

Ziz (define (square x) (* x x))

—k (define (1+ x) (+ x 1))

(define (suml k) (sum k 100 square 1+))
b (define (sum2 a b f dx)
> Axf() (define (term x) (x dx (f x)))
i=a (define (next x) (+ x dx))
i—i+Ax

(sum a b term next))
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Pewenune Ha 3apgaymnTe 3a cymm ypes sum:

100

Ziz (define (square x) (* x x))

—k (define (1+ x) (+ x 1))

(define (suml k) (sum k 100 square 1+))
b (define (sum2 a b f dx)
Z Ax f(i)
i=a (define (mext x) (+ x dx))
i—i+Ax

(* dx (sum a b f next)))
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DyHKUMNTE KaTO NapameTpu

[MpunoxkeHust Ha sum

PelieHne Ha 3agauuTte 3a cymu Ypes sum:

100
Ziz (define (square x) (* x x))
i=k (define (1+ x) (+ x 1))

(define (suml k) (sum k 100 square 1+))

b (define (sum2 a b f dx)
> Axf()
i=a (define (next x) (+ x dx))
i Ax (x* dx (sum a b f next)))
101000
>

i=x
i—e'

Tpudon Tpucporos (PrM-N 16/17) DyHKUNM OT NO-BUCOK pea, 20-27 okTtomepu 2016 r. 6 /26



DyHKUMNTE KaTO NapameTpu

[MpunoxkeHust Ha sum

PelieHne Ha 3agauuTte 3a cymu Ypes sum:

100
Ziz (define (square x) (* x x))
ik (define (1+ x) (+ x 1))
(define (suml k) (sum k 100 square 1+))
\_’_’—
b (define (sum2 a b f dx)
Z Ax f(i)
i=a (define (next x) (+ x dx))
A (x ab f next)))
101000
Z i (define (sum3 x)
= (sum x (expt 10 1000) id exp))
i—e'
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DyHKUMNTE KAaTO NapameTpu

ObobuieHa yHKLUS 33 NpOU3BeAeHMNE

[a ce nanuwe yHKLUs OT NO-BUCOK pef product, KOSTO npecMsATa:

b

H term(i).

i=

i<—next (i)
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DyHKUMNTE KaTO NapameTpu

ObobueHa dyHKLMA 33 NPoU3BeaeHE

[a ce nanuwe yHKLUs OT NO-BUCOK pef product, KOSTO npecMsATa:

b

H term(i).

i=a
i<—next (i)

(define (prod a b term next)
(if (> ab) 1 (x (term a) (prod (next a) b term next))))
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DyHKUMNTE KaTO NapameTpu

ObobueHa dyHKLMA 33 NPoU3BeaeHE

[a ce nanuwe yHKLUs OT NO-BUCOK pef product, KOSTO npecMsATa:

b

H term(i).

i=a
i<—next (i)

(define (prod a b term next)

(if (> ab) 1 (x (term a) (prod (next a) b term next))))

(define (sum a b term next)

(if (> ab) 0 (+ (term a) (sum (next a) b term next))))
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DyHKUMNTE KaTO NapameTpu

ObobueHa dyHKLMA 33 NPoU3BeaeHE

[a ce Hanuwe yHKLMUs OT NO-BUCOK pef product, KOSTO npecMsTa:

b

H term(i).

i=a
i<—next (i)

(define (prod a b term next)
(if (> a b) ( (term a) (prod (next a) b term next))))

(define (sum a b term next)

(if > a b) [0] (] (term a) (sum (next a) b term next))))
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accumulate [scHo HaTpynBaHe

ObobuieHa dyHKLMA 33 HAaTPynBaHe

[a ce Hannwe yHKLUSA, KOATO NpecMsTa

term(a) ® (term(next(a)) @ <EB (term(b) @ L) )),

KbAeTo & e buHapHa onepauusi,
a | e HeliHaTa “HyneBa cToiiHoCcT', T.e. x @ L = x.
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accumulate [scHo HaTpynBaHe

ObobuieHa dyHKLMA 33 HAaTPynBaHe

[a ce Hannwe yHKLUSA, KOATO NpecMsTa

term(a) ® (term(next(a)) @ <EB (term(b) @ L) )),

KbAeTo & e buHapHa onepauusi,
a | e HeliHaTa “HyneBa cToiiHoCcT', T.e. x @ L = x.

(define (accumulate op nv a b term next)
(if (> a b) nv

(op (term a) (accumulate op nv (next a) b term next))))
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accumulate [scHo HaTpynBaHe

ObobuieHa dyHKLMA 33 HAaTPynBaHe

[a ce Hannwe yHKLUSA, KOATO NpecMsTa

term(a) ® (term(next(a)) @ <EB (term(b) @ L) )),

KbAeTo & e buHapHa onepauusi,
a | e HeliHaTa “HyneBa cToiiHoCcT', T.e. x @ L = x.

(define (accumulate op nv a b term next)
(if (> a b) nv
(op (term a) (accumulate op nv (next a) b term next))))

(define (sum a b term next) (accumulate + O a b term next))
(define (product a b term next) (accumulate * 1 a b term next))
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3ajada: npecmMsiTaHe Ha MOJANHOM

[a ce npecmeTHe CTOWHOCTTA Ha MOJIMHOMA

Pux) = x"+2x" 14 . 4+ (n=2)x>+(n—1)x*>+nx+(n+1)
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3ajada: npecmMsiTaHe Ha MOJANHOM

[a ce npecmeTHe CTOWHOCTTA Ha MOJIMHOMA

Pux) = x"+2x" 14 . 4+ (n=2)x>+(n—1)x*>+nx+(n+1)

n

= > (n+1-ix

i=0
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3ajada: npecmMsiTaHe Ha MOJANHOM
\

[a ce npecmeTHe CTOWHOCTTA Ha MOJIMHOMA
Pux) = x"+2x" 14 . 4+ (n=2)x>+(n—1)x*>+nx+(n+1)
n
= > (n+1-ix
i=0

Pewenne Nel:

(define (p n x)

(accumulate + 27 7 2 7 7))
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3ajada: npecmMsiTaHe Ha MOJANHOM

\

[a ce npecmeTHe CTOWHOCTTA Ha MOJIMHOMA
Pux) = x"+2x" 14 4+ (n=2)x>+(n—1)x*>+nx+(n+1)

= Z(n +1-— l)x
PeweHune Nel: L\AW\W{'\% UF d

(define (p n x)

ool vt

(accumulate + 0 7 2 7 7))

Tpudon Tpucporos (PrM-N 16/17) DyHKUNM OT NO-BUCOK pea, 20-27 okTtomepu 2016 r. 9 /26



3ajada: npecmMsiTaHe Ha MOJANHOM

[a ce npecmeTHe CTOWHOCTTA Ha MOJIMHOMA
Pux) = x"+2x" 14 . 4+ (n=2)x>+(n—1)x*>+nx+(n+1)
n
= > (n+1-ix
i=0

Pewenne Nel:

(define (p n x)

(accumulate + 0 0 72 ? 7))

Tpudon Tpucporos (PrM-N 16/17) DyHKUNM OT NO-BUCOK pea, 20-27 okTtomepu 2016 r. 9 /26



3ajada: npecmMsiTaHe Ha MOJANHOM

[a ce npecmeTHe CTOWHOCTTA Ha MOJIMHOMA
Pux) = x"+2x" 14 . 4+ (n=2)x>+(n—1)x*>+nx+(n+1)
n
= > (n+1-ix
i=0

Pewenne Nel:

(define (p n x)

(accumulate + 0 O n ? 7))
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3afava: npecmsiTaHe Ha MOJIUHOM

[a ce npecmeTHe CTOWHOCTTA Ha MOJIMHOMA
Pux) = x"+2x" 14 . 4+ (n=2)x>+(n—1)x*>+nx+(n+1)
n
= > (n+1-ix
i=0

Pewenne Nel:

(define (p n x)

(define (term i) (* (- (1+ n) i) (expt x 1)))
(accumulate + 0 O n term 7))
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3afava: npecmsiTaHe Ha MOJIUHOM

[a ce npecmeTHe CTOWHOCTTA Ha MOJIMHOMA
Pux) = x"+2x" 14 . 4+ (n=2)x>+(n—1)x*>+nx+(n+1)
n
= > (n+1-ix
i=0

Pewenne Nel:

(define (p n x)

(define (term i) (* (- (1+ n) i) (expt x 1)))
(accumulate + 0 0 n term 1+))
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3afava: npecmsiTaHe Ha MOJIUHOM

[a ce npecmeTHe CTOWHOCTTA Ha MOJIMHOMA
Pux) = x"+2x" 14 . 4+ (n=2)x>+(n—1)x*>+nx+(n+1)
n
= > (n+1-ix
i=0

Pewenne Nel:

(define (p n x)

(define (term i) (* (- (1+ n) i) (expt x 1)))
(accumulate + 0 0 n term 1+))

Moxkem nn ga pewnm 3agadata 6e3s ga nssnkeame expt Ha BCsiKa CTbMKa?!
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[NpaBuno Ha XopHep

Po(x) = x"+2x" 14 4+ (n=2)x>+(n—1)x*>+nx+(n+1)

- (((.--((X+2)x—|—3)x+...)x+(n—1))X+H)X+(”+1)
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[NpaBuno Ha XopHep

Po(x) = x"+2x" 14 4+ (n=2)x>+(n—1)x*>+nx+(n+1)

- (((.--((X+2)x—|—3)x+...)x+(n—1))X+H)X+(”+1)

Moxem nu ga cmeTHeMm c accumulate?
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[NpaBuno Ha XopHep

Po(x) = x"+2x" 14 4+ (n=2)x>+(n—1)x*>+nx+(n+1)
= <((...(&—F/Q)x+3)x+...)x+(n—1)>x+n)x+(n—|—1)

Moxkem nu ga cMeTHeM ¢ accurréulate?
Naes: Ja wsnonssame onepaunsata a® b := ax + b.
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[NpaBuno Ha XopHep

Po(x) = x"+2x" 14 4+ (n=2)x>+(n—1)x*>+nx+(n+1)
= <((...((x+2)x+3)x—|—...)x+(n—1)>x+n)x+(n—|—1)

Moxem in ga cmeTHeM ¢ accumulate? @J/
Npesn: Ja usnonseame onepauusta a @ b := ax +@ a =4
Kos e “nynesaTa croiinoct” L7? =9
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[NpaBuno Ha XopHep

Pa(x) = ﬂ><,”+2x"_1+...+(n—2)x3+(n—1)x2+nx+(n+1)

- (((.--((X+2)x+3)x+...)x+(n—1)>X+n/j::(”+1)

Moxkem nm ga cMeTHeMm ¢ accumulate?
Naes: Ja nsnonssame onepauusTta a ® b := ax +@
Kosi e “HynesaTa cToliHoct 17

Pewenne Ne2:

(define (p n x)
(define (op a b) (+ (¥ a x) b))
(accumulate op 0 1 (1+ n) id 1+))
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[NpaBuno Ha XopHep

Po(x) = x"+2x" 14 4+ (n=2)x>+(n—1)x*>+nx+(n+1)

- (((.--((X+2)x+3)x+...)x+(n—1)>X+H)X+(”+1)

Moxkem nn ga cmeTHem ¢ accumulate?
Naes: Ja wsnonssame onepaunsata a® b := ax + b.

Kosi e “HynesaTa cToiiHocT’ 17 4Y+ )_\\/\* EX _{_ .

Pewenne Ne2:

(define (p n x)
(define (op a b) (+ (¥ a x) b))
(accumulate op 0 1 (1+ n) id 1+))

He cmsaTa npasusto!
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[1paBnno Ha XopHep

BcblHocT npecmetHaxme:

Q”(X):X+2X+3X+~"+”X+(n+1)x:wx'
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[NpaBuno Ha XopHep

BcblHocT npecmetHaxme:

(D2

Qn(x) =x+2x+3x+...+nx+(n+1) >

Naes: [a usnonssame onepauusta a® b := a + bx. 0\@1 =q

6= 0
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[NpaBuno Ha XopHep

BcblHocT npecmetHaxme:

Qn(X):x+2x+3x—|—,_,+nx+(n+1)X:wz(nmx'

Naes: [a usnonssame onepauusta a® b := a + bx.

Pewenne Ne3:

(define (p n x)
(define (op a b) (+ a (* b x)))
(accumulate op 0 1 (1+ n) id 1+))
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[NpaBuno Ha XopHep

BcblHocT npecmetHaxme:

Qn(X):x+2x+3x—|—,_,+nx+(n+1)X:wz(nmx'

Naes: [a usnonssame onepauusta a® b := a + bx.

Pewenne Ne3: i + X(Q\’I' X( 3+ x/.--~

(define (p n x)
(define (op a b) (+ a (* b x)))
(accumulate op 0 1 (1+ n) id 1+))

Mak He cmsaTa npasuaHolll
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J19BO 1 OACHO HaTpynBaHe

BcblHocT npecmerHaxme:

Ra(x) = 1+x<2+x(...+x<(n—1)+x(n+x(n+1)))...))
= (n+Dx"+nx" 14 (n—1)x"24 .. 43> +2x+1

BMECTO

Po(x) = (((...((X—|—2)x+3)x+...>x+(n—1))x+n)x+(n+1)

= X"+2x" P (n=2)x3+ (n—1D)x®+ nx + (n+1).
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J19BO 1 OACHO HaTpynBaHe

BcblHocT npecmerHaxme:

Ra(x) = 1+x<2+x(...+x<(n—1)+x(n+x(n+1)))...))
= (n+Dx"+nx" 14 (n—1)x"24 .. +3x° +2x+1
68 (hore) <adh)ac

Po(x) = (((...((X—|—2)x+3)x+...>x+(n—1))x+n)x+(n+1)
= X"+2x" P (n=2)x3+ (n—1D)x®+ nx + (n+1).

3a HeacoumaTMBHK onepauun ¢ Ma 3HadeHne B KakbB pef ca ckobuTe!
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ObobuieHa dyHKLUMA 33 ASBO HATpynBaHe

[a ce Hannwe yHKLUSA, KOSTO NPecMsTa NSIBO HaTpynBaHe:

(. . ((J_ @ term(a)) @ term(next(a))) .. ) @ term(b)
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ObobuieHa dyHKLUMA 33 ASBO HATpynBaHe

[a ce Hannwe yHKLUSA, KOSTO NPecMsTa NSIBO HaTpynBaHe:

(. . (@w ® term(next(a))) .. ) @ term(b)
pE

(define (accumulate-i op nv a%/term next)
(if (> a b) nv
(accumulate-i op (op nv (term a)) (next a) b term next)))
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ObobuieHa dyHKLUMA 33 ASBO HATpynBaHe

[a ce Hannwe yHKLUSA, KOSTO NPecMsTa NSIBO HaTpynBaHe:

(. . ((J_ @ term(a)) @ term(next(a))) .. ) @ term(b)

7

(define (accumulate-i op nv a b term next)
(if (> a b) nv
(accumulate-i op (op nv (term a)) (next a) b term next)))

@ accumulate — [ASICHO HaTpynBaHe, PeKypCUBEH NpoLec

@ accumulate-i — A51BO HaTpynBaHe, NTEpAaTUBEH MpoLLeC
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[NpaBuno Ha XopHep

Po(x) = x"+2x" 14 +(n=-2)x>+(n—1)x*>+nx+(n+1)
- (((...((X+2)x—|—3)x—|—...>x—i—(n—1))x—|—n)x+(n—|—1)

1% G~
N =0

Npesi: manonssame accumulate-i n a® b := ax + b.
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[NpaBuno Ha XopHep

Po(x) = x"+2x" 14 +(n=-2)x>+(n—1)x*>+nx+(n+1)
- <<<...((X+2)x—|—3)x—|—...>x—i—(n—1)>x—|—n)x+(n—|—1)

Npesi: manonssame accumulate-i n a® b := ax + b.

Pewenne Ne4:

(define (p n x)
(define (op a b) (+ (¥ a x) b))
(accumulate-i op 0 1 (1+ n) id 1+))
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AHOHUMHU PyHKLMN

Mo>xxem in [a rm KOHCTpyMpaMe napameTpuTe Ha (PYHKLMUTE OT MO-BUCOK
pea “Ha msacTo’, 6e3 ga um gasame nmeHa?
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AHOHUMHU PyHKLMN

Mo>xxem in [a rm KOHCTpyMpaMe napameTpuTe Ha (PYHKLMUTE OT MO-BUCOK
pea “Ha msacTo’, 6e3 ga um gasame nmeHa?

e (lambda ({<napametsp>}) <Tsn0>)
P
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AHOHUMHU PyHKLMN

Mo>xxem in [a rm KOHCTpyMpaMe napameTpuTe Ha (PYHKLMUTE OT MO-BUCOK
pea “Ha msacTo’, 6e3 ga um gasame nmeHa?

e (lambda ({<napametsp>}) <Tsn0>)

@ OueHsiBa ce 0 pyHKUMOHANEH OBEKT CbC CLOTBETHUTE MapamMeTpu U
TSN
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AHOHUMHU PyHKLMN

Mo>xxem in [a rm KOHCTpyMpaMe napameTpuTe Ha (PYHKLMUTE OT MO-BUCOK
pea “Ha msacTo’, 6e3 ga um gasame nmeHa?

e (lambda ({<napamerbp>}) <Tsn10>)

e OueHsBa ce [0 pyHKLMOHANEH OBEKT CbC CLOTBETHUTE NapameTpy U
TS0

@ AHoHWMHaTa PyHKLMSI Na3mM yKasaTen KbM CpefjaTta, B KOSITO e
oueHeHa
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AHOHUMHU PyHKLMN

Mo>xxem in [a rm KOHCTpyMpaMe napameTpuTe Ha (PYHKLMUTE OT MO-BUCOK
pea “Ha msacTo’, 6e3 ga um gasame nmeHa?

e (lambda ({<napamerbp>}) <Tsn10>)

e OueHsBa ce [0 pyHKLMOHANEH OBEKT CbC CLOTBETHUTE NapameTpy U
TAN0

@ AHoHuMHaTa pyHKLMS Na3n ykasaTen KbM CpefaTta, B KOSITO e
oueHeHa

o [lpumepun:
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AHOHUMHU PyHKLMN

Mo>xxem in [a rm KOHCTpyMpaMe napameTpuTe Ha (PYHKLMUTE OT MO-BUCOK
pea “Ha msacTo’, 6e3 ga um gasame nmeHa?

e (lambda ({<napamerbp>}) <Tsn10>)
@ OueHsiBa ce 0o dyHKUNOHaNEH 0DEKT CbC CLOTBETHUTE NMapameTpu v
TANO
@ AHoHMMHaTa PyHKLMS Nasn yKasaTes KbM CpeaaTa, B KOSITO e
oLeHeHa
o [lpumepun:
o (lambda (x) (+ x 3)) — #<procedure>
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AHOHUMHU PyHKLMN

Mo>xxem in [a rm KOHCTpyMpaMe napameTpuTe Ha (PYHKLMUTE OT MO-BUCOK
peq “‘Ha mMsacTo’, be3 ga um nasame uMeHa?

e (lambda ({<napametsp>}) <Tsn0>)
@ OueHsiBa ce 0 pyHKUMOHANEH OBEKT CbC CLOTBETHUTE MapamMeTpu U
TANO
@ AHoHMMHaTa PyHKLMS Nasn yKasaTes KbM CpeaaTa, B KOSITO e
oLeHeHa
o [lpumepun:
o (lambda (x) (+ x 3)) — #<procedure>
e ((lambda (x) (+ x 3)) 5) — 8
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AHOHUMHU PyHKLMN

Mo>xxem in [a rm KOHCTpyMpaMe napameTpuTe Ha (PYHKLMUTE OT MO-BUCOK
peq “‘Ha mMsacTo’, be3 ga um nasame uMeHa?

(lambda ({<napameTbp>}) <Tsn0>)
Ouensiga ce fo byHKyMOHaNEH O0BEKT CbC CHOTBETHUTE NapamMeTpu 1
TANO

AHoHUMHaTa (PyHKLMSA Na3mM yKasaTes KbM CpeaaTta, B KOsiTO e
oLeHeHa

o [lpumepun:

o (lambda (x) (+ x 3)) — #<procedure>

e ((lambda (x) (+ x 3)) 5) — 8

o (define (<ume> <napametpu>) <Ts10>)

<
(define <ume> (lambda (<napameTpu>) <Ts/10>))
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[Mpumepn

(define (integral a b f dx) 9\
(* dx (accumulate + 0 a b £ (lambda (x) (+ x dx)))))
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N 2.3
[Mpumepn

(define (integral a b f dx)
(x dx (accumulate + 0 a b f (lambda (x) (+ x dx)))))

(define (p n x)

(accumulate-i + 0 1 (+ n 1) (lambda (a b) (+ (*x a x) b))
(lambda (1) (+ i 1))))
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N 2.3
[Mpumepn

(define (integral a b f dx)
(x dx (accumulate + 0 a b f (lambda (x) (+ x dx)))))

(define (p n x)
(accumulate-i + 0 1 (+ n 1) (lambda (a b) (+ (*x a x) b))
(lambda (1) (+ i 1))))

3apaya: Kak moxem fa peanusmpame ¢ accumulate:

e nl
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N 2.3
[Mpumepn

(define (integral a b f dx)
(x dx (accumulate + 0 a b f (lambda (x) (+ x dx)))))

(define (p n x)
(accumulate-i + 0 1 (+ n 1) (lambda (a b) (+ (*x a x) b))
(lambda (1) (+ i 1))))
3apava: Kak moxem ga peanusupame ¢ accumulate:
e nl

o x"
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N 2.3
[Mpumepn

(define (integral a b f dx)
(* dx (accumulate + 0 a b f (lambda (x) (+ x dx)))))

(define (p n x)
(accumulate-i + 0 1 (+ n 1) (lambda (a b) (+ (*x a x) b))
(lambda (1) (+ i 1))))

3apaya: Kak moxem fa peanusmpame ¢ accumulate:

e nl
1
o x" A
X
b Z?:o)f,—r
A
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N 2.3
[Mpumepn

(define (integral a b f dx)
(* dx (accumulate + 0 a b f (lambda (x) (+ x dx)))))

(define (p n x)
(accumulate-i + 0 1 (+ n 1) (lambda (a b) (+ (¥ a x) b))
(lambda (1) (+ i 1))))

3apaya: Kak moxem ga peannsumpame ¢ accumulate:

e nl

@ x"

° > 4 - “0)

e Ix € [a;b] p(x) = ?’\\\/\EKMID Y :
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DyHKUUNTE KaTO BBLPHAT pe3ynTaT

DyYHKLMN, KOUTO BPBLLAT YHKLMY

[a pasrnepgame dyHKUMsI, KOATO npunara gageHa pyHKLMs 4Ba NbTU HAA
apryMeHT.

o (define (twice f x) (f (f x)))
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DyHKUUNTE KaTO BBLPHAT pe3ynTaT

DyYHKLMN, KOUTO BPBLLAT YHKLMY

[a pasrnegame yHkUMsA, KOATO Npunara gageHa dyHKUMA ABa NbTW Hag
apryMeHT.

o (define (twice f x) (f (f x)))
o (twice square 3) — 7
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[a pasrnegame yHkUMsA, KOATO Npunara gageHa dyHKUMA ABa NbTW Hag
apryMeHT.

o (define (twice f x) (f (f x)))
o (twice square 3) — 81
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DyYHKLMN, KOUTO BPBLLAT YHKLMY

[a pasrnegame yHkUMsA, KOATO Npunara gageHa dyHKUMA ABa NbTW Hag
apryMeHT.

o (define (twice f x) (f (f x)))
o (twice square 3) — 81
@ (define (twice f) (lambda (x) (f (f x))))
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DyHKUUNTE KaTO BBLPHAT pe3ynTaT

DyYHKLMN, KOUTO BPBLLAT YHKLMY

[a pasrnepgame dyHKUMsI, KOATO npunara gageHa pyHKLMs 4Ba NbTU HAA
apryMeHT.

o (define (twice f x) (£ (f x)))

o (twice square 3) — 81

o (define (twice f) (lambda (x) (f (f x))))
e (twice square 3) — 7
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DyHKUUNTE KaTO BBLPHAT pe3ynTaT

DyYHKLMN, KOUTO BPBLLAT YHKLMY

[a pasrnepgame dyHKUMsI, KOATO npunara gageHa pyHKLMs 4Ba NbTU HAA
apryMeHT.

@ (define (twice f x) (f (f x)))
o (twice square 3) — 81
@ (define (twice f) (lambda (x) (f (f x))))

e (twice square 3) — [pewkal
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DyHKUUNTE KaTO BBLPHAT pe3ynTaT

DyYHKLMN, KOUTO BPBLLAT YHKLMY

[a pasrnepgame dyHKUMsI, KOATO npunara gageHa pyHKLMs 4Ba NbTU HAA
apryMeHT.

o (define (twice f x) (£ (f x)))

o (twice square 3) — 81

@ (define (twice f) (lambda (x) (f (f x))))
e (twice square 3) — [pewkal
°

(twice square) — 7
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DyYHKLMN, KOUTO BPBLLAT YHKLMY

[a pasrnepgame dyHKUMsI, KOATO npunara gageHa pyHKLMs 4Ba NbTU HAA
apryMeHT.

o (define (twice f x) (£ (f x)))

o (twice square 3) — 81

@ (define (twice f) (lambda (x) (f (f x))))
e (twice square 3) — [pewkal
°

(twice square) — #<procedure>
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DyHKUUNTE KaTO BBLPHAT pe3ynTaT

DyYHKLMN, KOUTO BPBLLAT YHKLMY

[a pasrnepgame dyHKUMsI, KOATO npunara gageHa pyHKLMs 4Ba NbTU HAA
apryMeHT.

o (define (twice f x) (£ (f x)))

o (twice square 3) — 81

(define (twice f) (lambda (x) (f (f x))))
(twice square 3) — [peuwkal

(twice square) — #<procedure>

((twice square) 3) — 81
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DyHKUUNTE KaTO BBLPHAT pe3ynTaT

DyYHKLMN, KOUTO BPBLLAT YHKLMY

[a pasrnepgame dyHKUMsI, KOATO npunara gageHa pyHKLMs 4Ba NbTU HAA
apryMeHT.

o (define (twice f x) (£ (f x)))

(twice square 3) — 81

(define (twice f) (lambda (x) (f (f x))))
(twice square 3) — [peuwkal

3
(twice square) — #<procedure> 5&2\ - Q_\
((twice square) 3) — 81 _ ¥
: A5G = 4

((twice (twice square)) 2) — 7?

14
(65N < /
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DyHKUUNTE KaTO BBLPHAT pe3ynTaT

DyYHKLMN, KOUTO BPBLLAT YHKLMY

[a pasrnepgame dyHKUMsI, KOATO npunara gageHa pyHKLMs 4Ba NbTU HAA
apryMeHT.

o (define (twice f x) (£ (f x)))

(twice square 3) — 81

(define (twice f) (lambda (x) (£ (f x))))
(twice square 3) — [peuwkal

(twice square) — #<procedure>

((twice square) 3) _1> 81 /%\[ ({\OI’M

((twice (twice s '{}glte ) 2) — 65536
u\\/ﬂ\%\{% y /XY'Y
Ny ="My
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[Mpumepn

@ (define (n+ n) (lambda (i) (+ i n)))
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[Mpumepn

@ (define (n+ n) (lambda (i) (+ i n)))
o (define 1+ (n+ 1))
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[Mpumepn

@ (define (n+ n) (lambda (i) (+ i n)))
o (define 1+ (n+ 1))
e (1+7) — 8
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[Mpumepn

(define (n+ n) (lambda (i) (+ i n)))
(define 1+ (n+ 1))

(1+7) — 8

(define 5+ (n+ 5))
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[Mpumepn

(define (n+ n) (lambda (i) (+ i n)))
(define 1+ (n+ 1))

(1+7) — 8

(define 5+ (n+ 5))

&+ 7) — 12
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[Mpumepn

(define (n+ n) (lambda (i) (+ i n)))

(define 1+ (n+ 1))

(1+7) — 8

(define 5+ (n+ 5))

&+ 7) — 12

(define (compose f g) (lambda (x) (f (g x))))
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[Mpumepn

(define (n+ n) (lambda (i) (+ i n)))

(define 1+ (n+ 1))

1+ 7) — 8

(define 5+ (n+ 5))

&+ 7) — 12

(define (compose f g) (lambda (x) (f (g x))))
((compose square 1+) 3) — 7
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[Mpumepn

(define (n+ n) (lambda (i) (+ i n)))

(define 1+ (n+ 1))

1+ 7) — 8

(define 5+ (n+ 5))

&+ 7) — 12

(define (compose f g) (lambda (x) (f (g x))))
((compose square 1+) 3) — 16
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[Mpumepn

(define (n+ n) (lambda (i) (+ i n)))

(define 1+ (n+ 1))

1+ 7) — 8

(define 5+ (n+ 5))

&+ 7) — 12

(define (compose f g) (lambda (x) (f (g x))))
((compose square 1+) 3) — 16

((compose 1+ square) 3) — 7
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[Mpumepn

(define (n+ n) (lambda (i) (+ i n)))

(define 1+ (n+ 1))

1+ 7) — 8

(define 5+ (n+ 5))

&+ 7) — 12

(define (compose f g) (lambda (x) (f (g x))))
((compose square 1+) 3) — 16

((compose 1+ square) 3) — 10
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[Mpumepn

o (define (n+ n) (lambda (i) (+ i n)))

o (define 1+ (n+ 1))

o (1+ 7) — 8

@ (define 5+ (n+ 5))

o (5+7) — 12

@ (define (compose f g) (lambda (x) (f (g x))))

o ((compose square 1+) 3) — 16 26
@ ((compose 1+ square) 3) — 10

@ ((compose 1+ (compose square (n+ 2))) 3) — 7
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DyHKUUNTE KaTO BBLPHAT pe3ynTaT

[Mpumepwn
@ (define (n+ n) (lambda (i) (+ i n)))
@ (define 1+ (n+ 1))
o (1+ 7) — 8
@ (define 5+ (n+ 5))
o (5+7) — 12
@ (define (compose f g) (lambda (x) (f (g x))))
@ ((compose square 1+) 3) — 16
@ ((compose 1+ square) 3) — 10
@ ((compose 1+ (compose square (n+ 2))) 3) — 26
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DyHKUUNTE KaTO BBLPHAT pe3ynTaT

OueHka Ha lambda

{E} (define (n+ n) E
(lambda (i) (+ i n))) MapameTpn : n

n+:|| Tano (M@ (+1in)))
Cpepa . E
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DyHKUUNTE KaTO BBLPHAT pe3ynTaT

OueHka Ha lambda

(define (n+ n)

{E} (lambda (i) (+ i n)))
{E} (define 1+ (n+ 1))

E
[Mapametpu : n
n+:|| Tsano (M@ (+1in)))
Cpega - E
T
E;
n:l
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DyHKUUNTE KaTO BBLPHAT pe3ynTaT

OueHka Ha lambda

(E} (define (n+ n) E
(lambda (i) (+ i n))) MapameTpn : n
{E} (define 1+ (n+ 1)) ecfl Tano - A@ (i)
Cpega : E
MapameTtpn : i
1+:|| Tano : (+ imn)
Cpega : Eq
T
E;
n:l
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DyHKUUNTE KaTO BBLPHAT pe3ynTaT

OueHka Ha lambda

{E} (define (n+ n) 3
(lambda (i) (+ i n))) T
(€} (define 1+ (a+ 1)) n+:|| Tsno C @+ i)
{E} (define 5+ (n+ 5)) Cpepa - E
Mapametpny : i
1+ Tano ©(+ in)
CPe.ﬂ.a : Eq
I T
E; E,
] o5 ]
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Mapametpny : i
1+ Tano :(+in)
CPe.ﬂ.a : Eq
MapameTtpn : i
5+:|| Tsno :(¥in)
Cpepa (Ep
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DyHKUUNTE KaTO BBLPHAT pe3ynTaT

OueHka Ha lambda

{E} (define (n+ n) 3
(lambda (i) (+ i n))) T
(£} (define 1+ (n+ 1)) n+: || Tano COE ¢ iw))
{E} (define 5+ (n+ 5)) Cpepa E
Mapametpny : i
E 1+ 7
{E} 1+ 7 ol rre R
Cpegna o =
MapameTtpn : i
5+:|| Tano :(+ in)
Cpepa : Eo
I T
E; Es
n:l h:5 |
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DyHKUUNTE KaTO BBLPHAT pe3ynTaT

OueHka Ha lambda

{E} (define (n+ n) 3
(lambda (i) (+ i n))) P
{E} (define 1+ (n+ 1)) n+:|| Tano s (@) (+in)))
{E} (define 5+ (n+ 5)) Cpepa E
Mapametpny : i
1+ 7
{E} a+ 7) I i N
J’ Cpegna o =
{Es} (+1in) Meveveron 1
5+:|| Tano :(+ in)
Cpepa : Eo
I T
E; Es
n:l h:5 |
i
E3
i:7
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DyHKUUNTE KaTO BBLPHAT pe3ynTaT

OueHka Ha lambda

{E} (define (n+ n) 3
(lambda (i) (+ i n))) T
{E} (define 1+ (n+ 1)) o+ || Tano S (A1) (+ i n)))
{E} (define 5+ (n+ 5)) Cpepa E
Mapametpny : i
7
{E} a+ 7) I i N
J’ Cpegna o =
{Es} (+1in) Meveveron 1
l 5+:|| Tsano :(+1in)
Cpepa : Eo
8
I T
E; Es
n:l h:5 |
i
E3
i:7
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DyHKUUNTE KaTO BBLPHAT pe3ynTaT

OueHka Ha lambda

{E} (define (n+ n) 3
(lambda (i) (+ i n))) T
{E} (define 1+ (n+ 1)) o+ || Tano S (A1) (+ i n)))
{E} (define 5+ (n+ 5)) Cpepa E
Mapametpny : i
{E} A+ 7 e P
J’ Cpegna o =
{Es} (+1in) Meveveron 1
l 5+:|| Tsano :(+ imn)
Cpepa : Eo
8 T T
{E} 5+ 7) E L
n:l h:5 |
i
E3
i:7
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OueHka Ha lambda

{E} (define (n+ n) 3
(lambda (i) (+ i n))) P
{E} (define 1+ (n+ 1)) n+:|| Tano s (@) (+in)))
{E} (define 5+ (n+ 5)) Cpepa E
Mapametpny : i
{E} 1+ 7) e P
J’ Cpegna o =
{E3} (+1in) Meveveron 1
l 5+:|| Tsano :(+ imn)
Cpepa : Eo
8 T T
{E} 5+ 7) E L
l n:l o5
E (+im) T T
{ 4} in = L
i:7 1.7
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OueHka Ha lambda

{E} (define (n+ n) 3
(lambda (i) (+ i n))) P
{E} (define 1+ (n+ 1)) n+:|| Tano s (@) (+in)))
{E} (define 5+ (n+ 5)) Cpepa E
Mapametpny : i
{E} 1+ 7) e P
J’ Cpegna o =
{E3} (+1in) Meveveron 1
l 5+:|| Tsano :(+ imn)
Cpepa : Eo
8 T T
{E} 5+ 7) E L
l n:l o5
{Es} (+1in) 1 T
E3 E,
l i:7 1.7
12
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DyHKUUNTE KaTO BBLPHAT pe3ynTaT

HamupaHe Ha npoussogHa

f (X) :Axll)mﬁ (X Ax)z (X) i X-IAQ
0
o [ | - ® E DA
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DyHKUUNTE KaTO BBLPHAT pe3ynTaT

HamupaHe Ha npoussogHa

f'(x) ~ flx+ AAX))( —fx) 3a Mankn Ax
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DyHKUUNTE KaTO BBLPHAT pe3ynTaT

HamupaHe Ha npoussogHa

f'(x) ~ flx+ AAX))( —fx) 3a Mankn Ax

(define (derive f dx)
(lambda (x) (/ (- (f (+ x dx)) (£ %)) dx)))
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DyHKUUNTE KaTO BBLPHAT pe3ynTaT

HamupaHe Ha npoussogHa

f'(x) ~ flx+ AAX))( —fx) 3a mankn Ax

(define (derive f dx)
(lambda (x) (/ (- (f (+ x dx)) (£ %)) dx)))

o (define 2* (derive square 0.01))
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DyHKUUNTE KaTO BBLPHAT pe3ynTaT

HamupaHe Ha npoussogHa

f'(x) ~ flx+ AAX))( —fx) 3a mankn Ax

(define (derive f dx)
(lambda (x) (/ (- (f (+ x dx)) (£ %)) dx)))

o (define 2* (derive square 0.01))
@ (2% 5) —> 10.009999999999764
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DyHKUUNTE KaTO BBLPHAT pe3ynTaT

HamupaHe Ha npoussogHa

N f(x+ Ax) — f(x)

f'(x) ~ e 3a Mankn Ax

(define (derive f dx)
(lambda (x) (/ (- (f (+ x dx)) (£ %)) dx)))

o (define 2* (derive square 0.01))
@ (2% 5) —> 10.009999999999764
@ ((derive square 0.0000001) 5) — 10.000000116860974
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DyHKUUNTE KaTO BBLPHAT pe3ynTaT

HamupaHe Ha npoussogHa

f'(x) ~ flx+ AAXi —fx) 3a mankn Ax

(define (derive f dx)
(lambda (x) (/ (- (f (+ x dx)) (£ %)) dx)))

(define 2% (derive square 0.01))
(2% 5) —> 10.009999999999764
((derive square 0.0000001) 5) — 10.000000116860974

((derive (derive (lambda (x) (x x x x)) 0.001) 0.001) 3)
— 7
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DyHKUUNTE KaTO BBLPHAT pe3ynTaT

HamupaHe Ha npoussogHa

f'(x) ~ flx+ AAXi —fx) 3a mankn Ax

(define (derive f dx)
(lambda (x) (/ (- (f (+ x dx)) (£ %)) dx)))

(define 2% (derive square 0.01))
(2% 5) —> 10.009999999999764
((derive square 0.0000001) 5) — 10.000000116860974

((derive (derive (lambda (x) (x x x x)) 0.001) 0.001) 3)
— 18.006000004788802
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DyHKUUNTE KaTO BBLPHAT pe3ynTaT

[loBTOpeHo npunaraHe

,D,a C€ HaMepU N-KpaTHOTO NpunaraHe Ha gaA€Ha €4HOMECTHa beHKLI,I/Iﬂ.

f'(x) =f(F(f(...(f(x))...)))

n
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DyHKUUNTE KaTO BBLPHAT pe3ynTaT

[loBTOpeHo npunaraHe

,D,a C€ HaMepU N-KpaTHOTO NpunaraHe Ha gaA€Ha €4HOMECTHa beHKLI,I/Iﬂ.

f'(x) =f(F(f(...(f(x))...)))

n

Pewenue Nel: f"(x) = f(f"1(x))
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DyHKUUNTE KaTO BBLPHAT pe3ynTaT

[loBTOpeHo npunaraHe

,D,a C€ HaMepU N-KpaTHOTO NpunaraHe Ha gaA€Ha €4HOMECTHa beHKLI,I/Iﬂ.

f'(x) =f(F(f(...(f(x))...)))
—_———
Pewenue Nel: f"(x) = f(f"1(x))
(define (repeated f n)
(lambda (x) (if (= n 0) x (f ((repeated £ (- n 1)) x)))))
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DyHKUUNTE KaTO BBLPHAT pe3ynTaT

[loBTOpeHo npunaraHe

,D,a C€ HaMepU N-KpaTHOTO NpunaraHe Ha gaA€Ha €4HOMECTHa beHKLI,I/Iﬂ.

f'(x) = fF(F(F(... (F(x))...))
—_——
Pewenue Nel: f"(x) = f(f"1(x))
(define (repeated f n)

(lambda (x) (if (= n 0) x (f ((repeated £ (- n 1)) x)))))
Pewenne Ne2: O =jd, f" = fofr!
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DyHKUUNTE KaTO BBLPHAT pe3ynTaT

[loBTOpeHo npunaraHe

,D,a C€ HaMepU N-KpaTHOTO NpunaraHe Ha gaA€Ha €4HOMECTHa beHKLI,I/Iﬂ.

f'(x) =f(F(f(...(f(x))...)))
—_——

Pewenue Nel: f"(x) = f(f"1(x))
(define (repeated f n)

(lambda (x) (if (= n 0) x (f ((repeated £ (- n 1)) x)))))
Pewenne Ne2: O =jd, f" = fofr!
(define (repeated f n)

(if (= n 0) id (compose f (repeated f (- n 1)))))
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DyHKUUNTE KaTO BBLPHAT pe3ynTaT

[loBTOpeHo npunaraHe

[la ce Hamepu N-KpaTHOTO NMpunaraHe Ha AajeHa eAHOMECTHA (PYHKLMSI.

f'(x) =f(F(f(...(f(x))...)))
—_———
Pewenue Nel: f"(x) = f(f"1(x))
(define (repeated f n)
(lambda (x) (if (= n 0) x (f ((repeated £ (- n 1)) x)))))
Pewenne Ne2: O = jd, f" = fo f"!
(define (repeated f n)
(if (= n 0) id (compose f (repeated f (- n 1)))))
Pewenune Ne3: f"=fofo...ofoid
—_—

n
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DyHKUUNTE KaTO BBLPHAT pe3ynTaT

[loBTOpeHo npunaraHe

[la ce Hamepu N-KpaTHOTO NMpunaraHe Ha AajeHa eAHOMECTHA (PYHKLMSI.

f'(x) =f(F(f(...(f(x))...)))
—_———
Pewenue Nel: f"(x) = f(f"1(x))
(define (repeated f n)
(lambda (x) (if (= n 0) x (f ((repeated £ (- n 1)) x)))))
Pewenne Ne2: O = jd, f" = fo f"!
(define (repeated f n)
(if (= n 0) id (compose f (repeated f (- n 1)))))
Pewenune Ne3: f"=fofo...ofoid
—_—

n

(define (repeated f n)
(accumulate ? 27 7 72 7 7))
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DyHKUUNTE KaTO BBLPHAT pe3ynTaT

[loBTOpeHo npunaraHe

[la ce Hamepu N-KpaTHOTO NMpunaraHe Ha AajeHa eAHOMECTHA (PYHKLMSI.

f'(x) =f(F(f(...(f(x))...)))
—_———
Pewenue Nel: f"(x) = f(f"1(x))
(define (repeated f n)
(lambda (x) (if (= n 0) x (f ((repeated £ (- n 1)) x)))))
Pewenne Ne2: O = jd, f" = fo f"!
(define (repeated f n)
(if (= n 0) id (compose f (repeated f (- n 1)))))
Pewenune Ne3: f"=fofo...ofoid
—_—

n

(define (repeated f n)
(accumulate compose ? 7 7 7 7))
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DyHKUUNTE KaTO BBLPHAT pe3ynTaT

[loBTOpeHo npunaraHe

[la ce Hamepu N-KpaTHOTO NMpunaraHe Ha AajeHa eAHOMECTHA (PYHKLMSI.

f'(x) =f(F(f(...(f(x))...)))
—_———
Pewenue Nel: f"(x) = f(f"1(x))
(define (repeated f n)
(lambda (x) (if (= n 0) x (f ((repeated £ (- n 1)) x)))))
Pewenne Ne2: O = jd, f" = fo f"!
(define (repeated f n)
(if (= n 0) id (compose f (repeated f (- n 1)))))
Pewenune Ne3: f"=fofo...ofoid
—_—

n

(define (repeated f n)
(accumulate compose id ? 7 7 7))
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DyHKUUNTE KaTO BBLPHAT pe3ynTaT

[loBTOpeHo npunaraHe

[la ce Hamepu N-KpaTHOTO NMpunaraHe Ha AajeHa eAHOMECTHA (PYHKLMSI.

f'(x) =f(F(f(...(f(x))...)))
—_———
Pewenue Nel: f"(x) = f(f"1(x))
(define (repeated f n)
(lambda (x) (if (= n 0) x (f ((repeated £ (- n 1)) x)))))
Pewenne Ne2: O = jd, f" = fo f"!
(define (repeated f n)
(if (= n 0) id (compose f (repeated f (- n 1)))))
Pewenune Ne3: f"=fofo...ofoid
—_—

n

(define (repeated f n)
(accumulate compose id 1 7 7 7))
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DyHKUUNTE KaTO BBLPHAT pe3ynTaT

[loBTOpeHo npunaraHe

[la ce Hamepu N-KpaTHOTO NMpunaraHe Ha AajeHa eAHOMECTHA (PYHKLMSI.

f'(x) =f(F(f(...(f(x))...)))
—_———
Pewenue Nel: f"(x) = f(f"1(x))
(define (repeated f n)
(lambda (x) (if (= n 0) x (f ((repeated £ (- n 1)) x)))))
Pewenne Ne2: O = jd, f" = fo f"!
(define (repeated f n)
(if (= n 0) id (compose f (repeated f (- n 1)))))
Pewenune Ne3: f"=fofo...ofoid
—_—

ok
(define (repeated f n)
(accumulate compose id 1 n 7 7))
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DyHKUUNTE KaTO BBLPHAT pe3ynTaT

[loBTOpeHo npunaraHe

[la ce Hamepu N-KpaTHOTO NMpunaraHe Ha AajeHa eAHOMECTHA (PYHKLMSI.

f'(x) =f(F(f(...(f(x))...)))
—_———
Pewenue Nel: f"(x) = f(f"1(x))
(define (repeated f n)
(lambda (x) (if (= n 0) x (f ((repeated £ (- n 1)) x)))))
Pewenne Ne2: O = jd, f" = fo f"!
(define (repeated f n)
(if (= n 0) id (compose f (repeated f (- n 1)))))
Pewenune Ne3: f"=fofo...ofoid
—_—

n

(define (repeated f n)
(accumulate compose id 1 n (lambda (i) £f) 7))
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DyHKUUNTE KaTO BBLPHAT pe3ynTaT

[loBTOpeHo npunaraHe

[la ce Hamepu N-KpaTHOTO NMpunaraHe Ha AajeHa eAHOMECTHA (PYHKLMSI.

f'(x) =f(F(f(...(f(x))...)))
—_———
Pewenue Nel: f"(x) = f(f"1(x))
(define (repeated f n)
(lambda (x) (if (= n 0) x (f ((repeated £ (- n 1)) x)))))
Pewenne Ne2: O = jd, f" = fo f"!
(define (repeated f n)
(if (= n 0) id (compose f (repeated f (- n 1)))))
Pewenune Ne3: f"=fofo...ofoid
—_—

n

(define (repeated f n)
(accumulate compose id 1 n (lambda (i) f) 1+))
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DyHKUUNTE KaTO BBLPHAT pe3ynTaT

n-Ta Npon3BoOAHa

[a ce Hamepu n-Ta Npon3BOAHA Ha JafeHa eAHOMECTHA (PYHKLMSI.
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DyHKUUNTE KaTO BBLPHAT pe3ynTaT

n-Ta Npon3BoOAHa

[a ce Hamepu n-Ta Npon3BOAHA Ha JafeHa eAHOMECTHA (PYHKLMSI.

Pewenne Nel: £(7) = (f(n=1)y
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DyHKUUNTE KaTO BBLPHAT pe3ynTaT

n-Ta Npon3BoOAHa

[la ce Hamepu n-Ta Npon3BOAHA Ha JafeHa eAHOMECTHA (DYHKLMS.
Pewenne Nel: £(7) = (f(n=1)y
(define (derive-n f n dx)

(if (=1n 0) f (derive (derive-n f (- n 1) dx) dx)))
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DyHKUUNTE KaTO BBLPHAT pe3ynTaT

n-Ta Npon3BoOAHa

[la ce Hamepu n-Ta Npon3BOAHA Ha JafeHa eAHOMECTHA (DYHKLMS.
Pewenne Nel: £(7) = (f(n=1)y
(define (derive-n f n dx)

(if (=1n 0) f (derive (derive-n f (- n 1) dx) dx)))

n

~ =
g

Pewenne Ne2: £(7)
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DyHKUUNTE KaTO BBLPHAT pe3ynTaT

n-Ta Npon3BoOAHa

[la ce Hamepu n-Ta Npou3BOAHA Ha AafieHa €AHOMECTHA DYHKLMA.
Pewenne Nel: £(7) = (f(n=1)y

(define (derive-n f n dx)
(if (=1n 0) f (derive (derive-n f (- n 1) dx) dx)))
n

A~
Pewenne Ne2: £(7) = /-1

(define (derive-n f n dx)
(repeated 7 n))
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DyHKUUNTE KaTO BBLPHAT pe3ynTaT

n-Ta Npon3BoOAHa

[la ce Hamepu n-Ta Npou3BOAHA Ha AafieHa €AHOMECTHA DYHKLMA.
Pewenne Nel: £(7) = (f(n=1)y

(define (derive-n f n dx)
(if (=1n 0) f (derive (derive-n f (- n 1) dx) dx)))
n

A~
Pewenne Ne2: £(7) = /-1

(define (derive-n f n dx)
(repeated (lambda (f) (derive f dx)) n))
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DyHKUUNTE KaTO BBLPHAT pe3ynTaT

n-Ta Npon3BoOAHa

[la ce Hamepu n-Ta Npou3BOAHA Ha AafieHa €AHOMECTHA DYHKLMA.
Pewenne Nel: £(7) = (f(n=1)y

(define (derive-n f n dx)
(if (=1n 0) f (derive (derive-n f (- n 1) dx) dx)))
n

A~
Pewenne Ne2: £(7) = /-1

(define (derive-n f n dx)
((repeated (lambda (f) (derive f dx)) n) £f))
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DyHKUUNTE KaTO BBLPHAT pe3ynTaT

n-Ta Npon3BoOAHa

[la ce Hamepu n-Ta Npou3BOAHA Ha AafieHa €AHOMECTHA DYHKLMA.
Pewenne Nel: £(7) = (f(n=1)y

(define (derive-n f n dx)
(if (=1n 0) f (derive (derive-n f (- n 1) dx) dx)))

n

A~
Pewenne Ne2: f(7) = £/

(define (derive-n f n dx)
((repeated (lambda (f) (derive f dx)) n) £f))

Pewenne Ne3: () :@wo...w
~——

n

(define (derive-n f n dx)
((accumulate ? 7 2 2 72 ?7) £))
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DyHKUUNTE KaTO BBLPHAT pe3ynTaT

n-Ta Npon3BoOAHa

[la ce Hamepu n-Ta Npou3BOAHA Ha AafieHa €AHOMECTHA DYHKLMA.
Pewenne Nel: £(7) = (f(n=1)y

(define (derive-n f n dx)
(if (=1n 0) f (derive (derive-n f (- n 1) dx) dx)))

n

A~
Pewenne Ne2: f(7) = £/

(define (derive-n f n dx)
((repeated (lambda (f) (derive f dx)) n) £f))

Pewenne Ne3: () = /o7o-o/
~——

n

(define (derive-n f n dx)
((accumulate compose 7 7 7 7 7) f))
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DyHKUUNTE KaTO BBLPHAT pe3ynTaT

n-Ta Npon3BoOAHa

[la ce Hamepu n-Ta Npou3BOAHA Ha AafieHa €AHOMECTHA DYHKLMA.
Pewenne Nel: £(7) = (f(n=1)y

(define (derive-n f n dx)
(if (=1n 0) f (derive (derive-n f (- n 1) dx) dx)))

n

A~
Pewenne Ne2: f(7) = £/

(define (derive-n f n dx)
((repeated (lambda (f) (derive f dx)) n) £f))

Pewenne Ne3: () = /o7o-o/
~——

n

(define (derive-n f n dx)
((accumulate compose id 7 7 7 7) f))
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DyHKUUNTE KaTO BBLPHAT pe3ynTaT

n-Ta Npon3BoOAHa

[la ce Hamepu n-Ta Npou3BOAHA Ha AafieHa €AHOMECTHA DYHKLMA.
Pewenne Nel: £(7) = (f(n=1)y

(define (derive-n f n dx)
(if (=1n 0) f (derive (derive-n f (- n 1) dx) dx)))

n

A~
Pewenne Ne2: f(”) — f////...//

(define (derive-n f n dx)
((repeated (lambda (f) (derive f dx)) n) f))

Pewenne Ne3: () = /o7o-o/
~——

n

(define (derive-n f n dx)
((accumulate compose id 1 7 7 ?7) f))
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DyHKUUNTE KaTO BBLPHAT pe3ynTaT

n-Ta Npon3BoOAHa

[la ce Hamepu n-Ta Npou3BOAHA Ha AafieHa €AHOMECTHA DYHKLMA.
Pewenne Nel: £(7) = (f(n=1)y

(define (derive-n f n dx)
(if (=1n 0) f (derive (derive-n f (- n 1) dx) dx)))

n

A~
Pewenne Ne2: f(”) — f////...//

(define (derive-n f n dx)
((repeated (lambda (f) (derive f dx)) n) f))

Pewenne Ne3: () = /o7o-o/
~——

n

(define (derive-n f n dx)
((accumulate compose id 1 n ? ?7) £f))
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DyHKUUNTE KaTO BBLPHAT pe3ynTaT

n-Ta Npon3BoOAHa

[a ce Hamepu n-Ta nNpon3BogHa Ha JafeHa eAHOMECTHA (PYHKLMS.

Pewenue Nel: f(" = (F(n=1)y
(define (derive-n f n dx)
(if (=1n 0) f (derive (derive-n f (- n 1) dx) dx)))

~
Pewenune Ne2: f(n) = F7"-7

(define (derive-n f n dx)
((repeated (lambda (f) (derive f dx)) n) £f))
Pewenne Ne3: () = /o/o-/
——
n

(define (derive-n f n dx)
((accumulate compose id 1 n
(lambda (i) (lambda (f) (derive f dx))) ?7) £))
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DyHKUUNTE KaTO BBLPHAT pe3ynTaT

n-Ta Npon3BoOAHa

[a ce Hamepu n-Ta nNpon3BogHa Ha JafeHa eAHOMECTHA (PYHKLMS.

Pewenue Nel: f(" = (F(n=1)y
(define (derive-n f n dx)
(if (=1n 0) f (derive (derive-n f (- n 1) dx) dx)))

~
Pewenune Ne2: f(n) = F7"-7

(define (derive-n f n dx)
((repeated (lambda (f) (derive f dx)) n) £f))
Pewenne Ne3: () = /o/o-/
——
n

(define (derive-n f n dx)
((accumulate compose id 1 n
(lambda (i) (lambda (f) (derive f dx))) 1+) £))
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All you need is A

CneunanHata dopma lambda e gocTaTbyHa 3a peann3auyusiTa Ha BCUYKN
ocTaHanu KOHCTpykunmu B Scheme!
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All you need is A — let

CneunanHata dopma lambda e gocTaTbyHa 3a peann3auyusiTa Ha BCUYKN
ocTaHann koHCTpykumu B Schemel

(let ((<cmmBon>  <u3pas>)) <T10>)
Cumynaums Ha let: =
((lambda (<cumBon>) <Tan0>) <uspas>)

Lk (L 5) 4« i))’
([Gamdits, () (% 1) %)
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All you need is A — let

CneunanHata dopma lambda e gocTaTbyHa 3a peann3auyusiTa Ha BCUYKN
ocTaHann koHCTpykumu B Schemel

(let ((<cmmBon> <u3pas>)) <TAN0>)
Cumynaums Ha let: =
((lambda (<cumBon>) <Tsn0>) <uspas>)

(let ((<cmmBoni> <uspasi>)
(<cumBony> <mspasy>)

(<cumeon,> <uspas,>)
<Ta00>)
<
((lambda (<cumsoni> ...<CUMBOA,>) <TAN0>)
<u3pas;> ...<u3pas,>)

Tpudon Tpucporos (PrM-N 16/17) DyHKUNM OT NO-BUCOK pea, 20-27 okTtomepu 2016 r. 23 /26



All you need is A

All you need is A\ — bynesa noruka

Cumynaumnsi Ha bynesu cToiiHocTn n if:

(define #t (lambda (x y) %))
(define #f (lambda (x y) y))
(define (lambda-if b x y) (b x y))
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All you need is A

All you need is A\ — bynesa noruka

Cumynaumnsi Ha bynesu cToiiHocTn n if:

(define #t (lambda (x y) %))
(define #f (lambda (x y) y))
(define (lambda-if b x y) ((b x y)))
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All you need is A

All you need is A\ — bynesa noruka

Cumynaumnsi Ha bynesu cToiiHocTn n if:

(define #t (lambda (x y) %))
(define #f (lambda (x y) y))
(define (lambda-if b x y) ((b x y)))

Mprumepu:

@ (lambda-if #t (lambda () (+ 3 5)) (lambda () (/ 4 0))) — 8
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All you need is A

All you need is A\ — bynesa noruka

Cumynaumnsi Ha bynesu cToiiHocTn n if:

(define #t (lambda (x y) %))
(define #f (lambda (x y) y))
(define (lambda-if b x y) ((b x y)))
Mprumepu:

@ (lambda-if #t (lambda () (+ 3 5)) (lambda () (/ 4 0))) — 8

@ (lambda-if #f (lambda () +) (lambda () "abc")) — "abc"
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All you need is A

All you need is A\ — bynesa noruka

Cumynaumnsi Ha bynesu cToiiHocTn n if:

(define #t (lambda (x y) %))
(define #f (lambda (x y) y))
(define (lambda-if b x y) ((b x y)))

Mprumepu:

@ (lambda-if #t (lambda () (+ 3 5)) (lambda () (/ 4 0))) — 8

@ (lambda-if #f (lambda () +) (lambda () "abc")) — "abc"
@ (define (not b) (lambda (x y) (b y x)))
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All you need is A

All you need is A\ — 4ucna

Cumynauust Ha ecTecTBeHn yncna (Hymepaan Ha YupH)
Wpes: npegcraesive Ha yncnoto n kato Af, x £"(x)
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All you need is A

All you need is A\ — 4ucna

Cumynauust Ha ecTecTBeHn yncna (Hymepaan Ha YupH)
Wpes: npegcraesive Ha yncnoto n kato Af, x £"(x)

@ (define c¢3 (lambda (f x) (f (f (f x)))))
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All you need is A

All you need is A\ — 4ucna

Cumynauust Ha ecTecTBeHn yncna (Hymepaan Ha YupH)
Wpes: npegcraesive Ha yncnoto n kato Af, x £"(x)

@ (define c3 (lambda (f x) (f (f (f x)))))
@ (define c5 (lambda (f x) (f (f (£ (£ (£ x)))))))
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All you need is A

All you need is A\ — 4ucna

Cumynauust Ha ecTecTBeHn yncna (Hymepaan Ha YupH)
Wpes: npegcraesive Ha yncnoto n kato Af, x £"(x)

@ (define c3 (lambda (f x) (f (f (f x)))))
@ (define c5 (lambda (f x) (f (f (£ (£ (£ x)))))))
@ (define cl+ (lambda (a) (lambda (f x) (f (a f x)))))
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