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All you need is A\ — force n delay

e (delay <uspasz>) <= (lambda () <wuspas>)
@ (force <obewaHne>) < (<obewanne>)
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All you need is A\ — force n delay

e (delay <uspasz>) <= (lambda () <wuspas>)

o (force <obewaHune>) <= (<obewanne>)

@ He cnecem!
o (define bigpromise (delay (fact 30000)))
e (force bigpromise) 2759537246. . .
o (force bigpromise) — 2759537246. ..
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OTnoxxeHn onepauunn

All you need is A\ — force n delay

o (delay <uspa3>) <= (lambda () <wuspas>)
@ (force <obewaHne>) < (<obewanne>)

@ He cbecem!

(define bigpromise (delay (fact 30000)))

(force bigpromise) 2759537246. . .
(force bigpromise) — 2759537246. ..

Obewannnta B Scheme nmat crpaHndeH edekT: “‘mMemounsupat’ Beue
M34MCNeHaTa CTOMHOCT
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B R°RS HsiMa BrpageHn npumMutuem 3a paboTta C NOTOK, HO MOXEM fa CU
rn pedpuHupame.
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MoToun B Scheme

HeduHnuns (Motok)
CnncbK, YNNTO eNeMEHTU Ce UBYUCSBAT OTJIOKEHO.

Mo-TouHo: MoTok e npaseH cnuckbk () nam Toukosa geoiika (h . t),
KbAETO

@ h — e S-u3pas (rnaea Ha noToka)

@ t — e obewjanne 3a NOTok (Onalika Ha MOTOKa)

B R°RS HsiMa BrpageHn npumMutuem 3a paboTta C NOTOK, HO MOXEM fa CU
rn pedpuHupame.

(define the-empty-stream '())

°
o (define (cons-stream h t) (cons h (delay t)))
o (define head car)

°

(define (tail s) (force (cdr s)))
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MoToun B Scheme

HeduHnuns (Motok)
CnncbK, YNNTO eNeMEHTU Ce UBYUCSBAT OTJIOKEHO.

Mo-TouHo: MoTok e npaseH cnuckbk () nam Toukosa geoiika (h . t),
KbAETO

@ h — e S-u3pas (rnaea Ha noToka)

@ t — e obewjanne 3a NOTok (Onalika Ha MOTOKa)

B R°RS HsiMa BrpageHn npumMutuem 3a paboTta C NOTOK, HO MOXEM fa CU
rn pedpuHupame.

o (define the-empty-stream '())

o (define (cons-stream h t) (cons h (delay t)))
o (define head car)

@ (define (tail s) (force (cdr s)))

o (define empty-stream? null?)
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[Mpumepn

@ (define s (cons-stream 1 (cons-stream 2 (cons-stream 3
the-empty-stream))))
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[Mpumepn

@ (define s (cons-stream 1 (cons-stream 2 (cons-stream 3
the-empty-stream))))

@ (head s) — 1
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[Mpumepn

@ (define s (cons-stream 1 (cons-stream 2 (cons-stream 3
the-empty-stream))))

o (head s) — 1
o (tail s) — #<promise>
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[Mpumepn

@ (define s (cons-stream 1 (cons-stream 2 (cons-stream 3
the-empty-stream))))

o (head s) — 1
o (tail s) — #<promise>
o (head (tail s)) — 2
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[Mpumepn

(define s (cons-stream 1 (cons-stream 2 (cons-stream 3
the-empty-stream))))

(head s) — 1

(tail s) — #<promise>
(head (tail s)) — 2

(head (tail (tail s))) — 3
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[Mpumepn

@ (define s (cons-stream 1 (cons-stream 2 (cons-stream 3
the-empty-stream))))

(head s) — 1

(tail s) — #<promise>
(head (tail s)) — 2
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(define s2 (cons-stream 3 (cons-stream b
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[Mpumepn

(define s (cons-stream 1 (cons-stream 2 (cons-stream 3
the-empty-stream))))

(head s) — 1

(tail s) — #<promise>
(head (tail s)) — 2

(head (tail (tail s))) — 3

(define s2 (cons-stream 3 (cons-stream b
the-empty-stream))) — [pewkal

3awo?
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[Mpumepn

@ (define s (cons-stream 1 (cons-stream 2 (cons-stream 3
the-empty-stream))))

(head s) — 1

(tail s) — #<promise>
(head (tail s)) — 2

(head (tail (tail s))) — 3

(define s2 (cons-stream 3 (cons-stream b
the-empty-stream))) — [pewkal

3auo?

@ cons-stream TpsibBa fa OuEHsIBA CaMO MbPBUs CU aprymeHT!
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[Mpumepn

@ (define s (cons-stream 1 (cons-stream 2 (cons-stream 3
the-empty-stream))))

(head s) — 1

(tail s) — #<promise>
(head (tail s)) — 2

(head (tail (tail s))) — 3

(define s2 (cons-stream 3 (cons-stream b
the-empty-stream))) — [pewkal

3awo?

@ cons-stream TpsibBa fa OUEHSIBA CaMO MbPBUSI CU apryMeHT!

@ cons-stream Tpsibea ga e cneyuanHa dopma
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[ecdburnpate Ha cneuvantu dopmu

@ (define-syntax <cumBon>
(syntax-rules () {(<wabnon> <ts10>)}))
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[ecdburnpate Ha cneuvantu dopmu

@ (define-syntax <cumson>
(syntax-rules () {(<wabnow> <tano>)}))

o geduHupa cneymnanHa dopma <CUMBON> TaKa, Y€ BCSKO CPeLlaHe Ha
<wabnoH> ce 3amecTBa ¢ <TAN0>
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o geduHupa cneymnanHa dopma <CUMBON> TaKa, Y€ BCSKO CPeLlaHe Ha
<wabnoH> ce 3amecTBa ¢ <TAN0>

@ define-syntax uma u gpyru, no-ciioxxHu gopmu

o [loBeyeto cneumanHu dopmu Ha Scheme morat ga ce gecbunumpat ¢
define-syntax (3a cnpaeka: R°RS)
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[ecdburnpate Ha cneuvantu dopmu

@ (define-syntax <cumson>
(syntax-rules () {(<wabnoH> <tano>)}))

o geduHupa cneymnanHa dopma <CUMBON> TaKa, Y€ BCSKO CPeLlaHe Ha
<wabnoH> ce 3amecTBa ¢ <TAN0>

@ define-syntax uma u gpyru, no-ciioxxHu gopmu

o [loBeyeto cneumanHu dopmu Ha Scheme morat ga ce gecbunumpat ¢
define-syntax (3a cnpaeka: R°RS)

Mpumepn:
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[ecdburnpate Ha cneuvantu dopmu

@ (define-syntax <cumson>
(syntax-rules () {(<wabnoH> <tano>)}))

o geduHupa cneymnanHa dopma <CUMBON> TaKa, Y€ BCSKO CPeLlaHe Ha
<wabnoH> ce 3amecTBa ¢ <TAN0>

@ define-syntax uma u gpyru, no-ciioxxHu gopmu

o [loBeyeto cneumanHu dopmu Ha Scheme morat ga ce gecbunumpat ¢
define-syntax (3a cnpaeka: R°RS)

Mpumepn:

(define-syntax delay
(syntax-rules () ((delay x) (lambda () x))))
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[ecdburnpate Ha cneuvantu dopmu

@ (define-syntax <cumson>
(syntax-rules () {(<wabnoH> <tano>)}))

o geduHupa cneymnanHa dopma <CUMBON> TaKa, Y€ BCSKO CPeLlaHe Ha
<wabnoH> ce 3amecTBa ¢ <TAN0>

@ define-syntax uma u gpyru, no-ciioxxHu gopmu

o [loBeyeto cneumanHu dopmu Ha Scheme morat ga ce gecbunumpat ¢
define-syntax (3a cnpaeka: R°RS)

Mpumepn:
(define-syntax delay
(syntax-rules () ((delay x) (lambda () x))))

(define-syntax cons-stream
(syntax-rules () ((cons-stream h t) (cons h (delay t)))))
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Onepauun Hag noToumn

KoHCcTpyupaHe 1 LEKOHCTpyMpaHe Ha NoTouu

3apayqa. [la ce nocTpou NOTOK OT LenuTe Yucna B uHTepsana [a; b).
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Onepauun Hag noToum

KoHCTpynpaHe 1 AEKOHCTPyMpaHe Ha MOTOLM

3apayqa. [la ce nocTpou NOTOK OT LenuTe Yucna B uHTepsana [a; b).
Pewwenue:
(define (enum a b)
(if (> a b) the-empty-stream
(cons-stream a (enum (+ a 1) b))))
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Onepauun Hag noToum

KoHCTpynpaHe 1 AEKOHCTPyMpaHe Ha MOTOLM

3apayqa. [la ce nocTpou NOTOK OT LenuTe Yucna B uHTepsana [a; b).
Pewwenue:

(define (enum a b)
(if (> a b) the-empty-stream
(cons-stream a (enum (+ a 1) b))))

33)3,3‘13. ,El,a CE€ HAMEPAT NBbPBUTE N €NEMEHTA Ha faA€H MOTOK.
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Onepauun Hag noToum

KoHCTpynpaHe 1 AEKOHCTPyMpaHe Ha MOTOLM

3apayqa. [la ce nocTpou NOTOK OT LenuTe Yucna B uHTepsana [a; b).
Pewwenue:

(define (enum a b)
(if (> a b) the-empty-stream
(cons-stream a (enum (+ a 1) b))))

3agava. [a ce HamepaT NbpBMTE N eNeMEHTa Ha AafeH MOTOK.
Pewenne:

(define (first n s)
(if (or (empty-stream? s) (=n 0)) 'Q
(cons (head s) (first (- n 1) (tail s)))))
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[lpuno>keHue Ha noTouu

3apava. [a ce Hamepu nbpBaTa NO3ULMSA B NOTOK, HA KOSITO UMa €1EMEHT C
[afeHo CBOIICTBO.
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Onepauun Hag noToum

[lpuno>keHue Ha noTouu

3apava. [a ce Hamepu nbpBaTa NO3ULMSA B NOTOK, HA KOSITO UMa €1EMEHT C
JaZleHO CBOWCTBO.

Pewenue.

(define (search-stream p? s)
(cond ((empty-stream? s) #f)
((p? (head s)) s)
(else (search-stream p? (tail s)))))
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Onepauun Hag noToum

[lpuno>keHue Ha noTouu

3apava. [a ce Hamepu nbpBaTa NO3ULMSA B NOTOK, HA KOSITO UMa €1EMEHT C
JaZleHO CBOWCTBO.

Pewenue.

(define (search-stream p? s)
(cond ((empty-stream? s) #f)
((p? (head s)) s)
(else (search-stream p? (tail s)))))

3apgava. [1a ce Hamepu BTOPOTO Mo roseMuHa npocto Yncno cneg 10000 cbe
cyma Ha undpuTte KpaTHa Ha 5.
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Onepauun Hag noToum

[lpuno>keHue Ha noTouu

3apava. [a ce Hamepu nbpBaTa NO3ULMSA B NOTOK, HA KOSITO UMa €1EMEHT C
JaZleHO CBOWCTBO.
PeweHue.

(define (search-stream p? s)
(cond ((empty-stream? s) #f)
((p? (head s)) s)
(else (search-stream p? (tail s)))))

3apgava. [1a ce Hamepu BTOPOTO Mo roseMuHa npocto Yncno cneg 10000 cbe
cyma Ha undpuTte KpaTHa Ha 5.
PeweHue.

(define (prime-57 n) (and (prime? n)
(= (remainder (sum-digits n) 5) 0)))
(define second-prime-5
(head (search-stream prime-57
(tail (search-stream prime-57
(enum 10000 100000)))))
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Beskpaiibn notoun

Beskpaiitnu notouu

OTnaraHeTo Ha onepauun NO3BONsIBa Cb3faBaHETO Ha beskpaiitn notouu!
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BeskpaiiHun notoun

Beskpaiitnu notouu

OTnaraHeTo Ha onepauumn NO3BOJABA Cb3AaBaHETO Ha beskpaiinu notouw!
Mpumepn:

(define (from n) (cons-stream n (from (+ n 1))))
(define nats (from 0))
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BeskpaiiHun notoun

Beskpaiitnu notouu

OTnaraHeTo Ha onepauumn NO3BOJABA Cb3AaBaHETO Ha beskpaiinu notouw!

Mpumepn:

(define (from n) (cons-stream n (from (+ n 1))))
(define nats (from 0))

3agava. [a ce reHepupa noTokbT OT YncnaTta Ha PuboHauu.
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BeskpaiiHun notoun

Beskpaiitnu notouu

OTnaraHeTo Ha onepauumn NO3BOJABA Cb3AaBaHETO Ha beskpaiinu notouw!
Mpumepn:

(define (from n) (cons-stream n (from (+ n 1))))
(define nats (from 0))

3agava. [a ce reHepupa noTokbT OT YncnaTta Ha PuboHauu.
PeweHue:

(define (generate-fibs a b)
(cons-stream a (generate-fibs b (+ a b))))
(define fibs (generate-fibs 0 1))
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BeskpaiiHun notoun

Beskpaiitnu notouu

OTnaraHeTo Ha onepauumn NO3BOJABA Cb3AaBaHETO Ha beskpaiinu notouw!
Mpumepn:

(define (from n) (cons-stream n (from (+ n 1))))
(define nats (from 0))

3agava. [a ce reHepupa noTokbT OT YncnaTta Ha PuboHauu.
PeweHue:

(define (generate-fibs a b)
(cons-stream a (generate-fibs b (+ a b))))
(define fibs (generate-fibs 0 1))

@ ®PyHkuunTe from n generate-fibs Hapuyame reHepaTopu

o Kazseame, 4ye notouute nats n fibs ca HAMpPEKTHO AedrHMpaHn
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BeskpaiiHun notoun

DyHKUNUN OT MO-BUCOK pef 3a noTouu
Tpancdopmupane (map)

(define (map-stream f s) (cons-stream (f (head s))
(map-stream f (tail s))))
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BeskpaiiHun notoun

DyHKUNUN OT MO-BUCOK pef 3a noTouu

Tpancdopmupane (map)

(define (map-stream f s) (cons-stream (f (head s))
(map-stream f (tail s))))
®untpupane (filter)
(define (filter-stream p? s)
(if (p? (head s))

(cons-stream (head s) (filter-stream p? (tail s)))
(filter-stream p? (tail s))))

Tpudon Tpucporos (PrM-N 16/17) MoToun 24 Hoemepu 2016 r. 11 / 13



BeskpaiiHun notoun

DyHKUNUN OT MO-BUCOK pef 3a noTouu

Tpancdopmupane (map)

(define (map-stream f s) (cons-stream (f (head s))
(map-stream f (tail s))))

(wap @ €1 €2)
(define (filter-stream p? s)
(if (p? (head s)) ’ (MP ~+ {1 (/Z)

(cons-stream (head s) (filter-stream p? (tail s)))
(filter-stream p? (tail s))))

®untpupane (filter)

Kombunupane (zip)

(define (zip-streams op sl s2)
(cons (op (head s1) (head s2))
(zip-streams (tail s1) (tail s2))))
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Beskpaiibn notoun

[AvpekTHa aedrHuums Ha noToum

Moxem pa aeduHupaHe Ha noTouw C AUPeKTHaA pekypcusi!
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Beskpaiibn notoun

[AvpekTHa aedrHuums Ha noToum

Moxem pa aeduHupaHe Ha noTouw C AUPeKTHaA pekypcusi!

(define ones (cons-stream 1 ones))
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BeskpaiiHun notoun

[AvpekTHa aedrHuums Ha noToum

Moxem pa aeduHupaHe Ha noTouw C AUPeKTHaA pekypcusi!

(define ones (cons-stream 1 ones))
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BeskpaiiHun notoun

[AvpekTHa aedrHuums Ha noToum

Moxem pa aeduHupaHe Ha noTouw C AUPeKTHaA pekypcusi!

(define ones (cons-stream 1 ones))

+
nOCTpOﬂBaHe Ha nats:

== o

1
1
2

wl~ o
AR ow
o~ »
o~ =

(define nats (cons-stream O (map-stream 1+ nats)))
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BeskpaiiHun notoun

[AvpekTHa aedrHuums Ha noToum

Moxem pa aeduHupaHe Ha noTouw C AUPeKTHaA pekypcusi!

(define ones (cons-stream 1 ones))

+
nOCTpOﬂBaHe Ha nats:

== o

1
1
2

wl~ o
AR ow
o~ »
o~ =

(define nats (cons-stream O (zip-streams + ones nats)))
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BeskpaiiHun notoun

[AvpekTHa aedrHuums Ha noToum

Moxem pa aeduHupaHe Ha noTouw C AUPeKTHaA pekypcusi!

(define ones (cons-stream 1 ones))

+ 01 2 3 4 5
MocTposiBaHe Ha nats: 11 1 1 1 1
1 2 3 4 5 6

(define nats (cons-stream O (zip-streams + ones nats)))

3
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BeskpaiiHun notoun

[AvpekTHa aedrHuums Ha noToum

Moxem pa aeduHupaHe Ha noTouw C AUPeKTHaA pekypcusi!

(define ones (cons-stream 1 ones))

+
nOCTpOﬂBaHe Ha nats:

== o

1
1
2

wl~ o
AR ow
o~ »
o~ =

(define nats (cons-stream O (zip-streams + ones nats)))

+ 011 2 3 5
[MocTposiBaHe Ha fibs: 11 2 3 5 8
1 2 3 5 8 13

(define fibs (cons-stream O
(cons-stream 1
(zip-streams + fibs (tail fibs)))))
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Beskpaiibn notoun

PeweTto Ha EpaTocTeH
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Beskpaiibn notoun

PeweTto Ha EpaTocTeH

AJ'IFOpI/IT'bM 3a HaMMNpaHe Ha NpOoCTn 4ncna
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BeskpaiiHun notoun

PeweTto Ha EpaTocTeH

AJ'IFOpI/IT'bM 3a HaMMNpaHe Ha NpOoCTn 4ncna

@ 3ano4eame CbC CNUCHK OT NOCNEAO0BATENHN LEAN Ynucna

@ [lokaTo He CTWIHeM [0 Kpasi Ha CMUCHbKa, NOBTapsiME:
e Hamupame cnepgawoto HesagpackaHo 4UCno p, TO € NpocTo
e 3ajpackeBame BCUYKMW CleABalLy YMCa, KOUTO Ce AeNAT Ha p
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BeskpaiiHun notoun

PeweTto Ha EpaTocTeH

AJ'IFOpI/IT'bM 3a HaMMNpaHe Ha NpOoCTn 4ncna

@ 3ano4eame CbC CNUCHK OT NOCNEAO0BATENHN LEAN Ynucna

@ [lokaTo He CTWIHeM [0 Kpasi Ha CMUCHbKa, NOBTapsiME:
e Hamupame cnepgawoto HesagpackaHo 4UCno p, TO € NpocTo
e 3ajpackeBame BCUYKMW CleABalLy YMCa, KOUTO Ce AeNAT Ha p

LLle peannanpame pewwetoTo Hag NOTeHUMANHO Be3KpaeH NOTOK OT Yucia:
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BeskpaiiHun notoun

PeweTto Ha EpaTocTeH

ANropnTbM 3a HamMUpaHe Ha MPOCTM 4Yncna
@ 3ano4Bame CbC CMUCHK OT MOCAEAOBATENHN LENM Hncia
o [lokaTo He CTUrHeM [0 Kpasi Ha CMMCBKA, NOBTapsiME:

e Hamupame cnegBauioto He3agpackaHo YUCIO p, TO € MPOCTO
e 3ajpackeBame BCUYKMW CleABalLy YMCa, KOUTO Ce AeNAT Ha p

LLle peannanpame pewwetoTo Hag NOTeHUMANHO Be3KpaeH NOTOK OT Yucia:

(define (notdivides d) (lambda (n) (> (remainder n d) 0)))
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BeskpaiiHun notoun

PeweTto Ha EpaTocTeH

ANropnTbM 3a HamMUpaHe Ha MPOCTM 4Yncna
@ 3ano4Bame CbC CMUCHK OT MOCAEAOBATENHN LENM Hncia
o [lokaTo He CTUrHeM [0 Kpasi Ha CMMCBKA, NOBTapsiME:

e Hamupame cnegBauioto He3agpackaHo YUCIO p, TO € MPOCTO
e 3ajpackeBame BCUYKMW CleABalLy YMCa, KOUTO Ce AeNAT Ha p

LLle peannanpame pewwetoTo Hag NOTeHUMANHO Be3KpaeH NOTOK OT Yucia:

(define (notdivides d) (lambda (n) (> (remainder n d) 0)))

(define (sieve stream)
(cons-stream (head stream)
(sieve (filter-stream?

(notdivides (head stream))
(tail stream)))))
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BeskpaiiHun notoun

PeweTto Ha EpaTocTeH

ANropnTbM 3a HamMUpaHe Ha MPOCTM 4Yncna
@ 3ano4Bame CbC CMUCHK OT MOCAEAOBATENHN LENM Hncia
o [lokaTo He CTUrHeM [0 Kpasi Ha CMMCBKA, NOBTapsiME:

e Hamupame cnegBauioto He3agpackaHo YUCIO p, TO € MPOCTO
e 3ajpackeBame BCUYKMW CleABalLy YMCa, KOUTO Ce AeNAT Ha p

LLle peannanpame pewwetoTo Hag NOTeHUMANHO Be3KpaeH NOTOK OT Yucia:

(define (notdivides d) (lambda (n) (> (remainder n d) 0)))

(define (sieve stream)
(cons-stream (head stream)
(sieve (filter-stream?

(notdivides (head stream))
(tail stream)))))

(define primes (sieve (from 2)))

Tpudon Tpucporos (PrM-N 16/17) MoToun 24 Hoemepu 2016 r. 13 /13



