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OcCHOBHbIe 1 BCcnoMoraTtesnbHble beHKLIMVI.

Mcnonb30BaHUE GBCcnoMoO2camenbHulX  QYyHKYyuli W TPHUMCHEHHUE
HAKanauearnwux napamempos SBISIIOTCSI OCHOBHBIMU METOJIaMU
pa3pabOTKH (PYHKUHOHAIBHBIX IIporpamm. [IoHATHS OCHOBHOM U
BCIIOMOTaTEIbHON (DYHKIMM SIBISIOTCS OTHOCHUTEIBHBIMHU . OJIHA U
Ta X€ (YHKIHUS MOXKET HCIIOJIb30BaTh IS BBIYMCICHHUS CBOETO
3HAYEHU JIpyrue (QyHKIMHU U3 YMCJia OMHUCAHHBIX B MpOrpaMme, HO
B TO K€ BPEMS U €€ MOT'YT BbI3bIBATh KaK BCIIOMOTaTEJIbHYIO.

Paznuuaror  Hucxooswee W 8ocxodsAujee  TMPOCKTUPOBAHUE
(PYHKIMOHAIBHBIX mporpaMM. OCHOBHBIM OTIMYMEM HMCXOJISIIETO
IPOCKTUPOBAHUS SBIISICTCS PEIICHHWE 3aJadyd C MCIO0JIb30BaHUEM
pa3pabOTaHHBIX paHee (YHKIUM B POJIM BCIOMOIaTeiabHBIX, HO
TOJILKO TOrAa, Korjaa IIpH JCKOMIIO3MIIMM MCXOJHON 3ajayu
NoJIyYaroluecs Noa3agayd peiarnTcs ¢ HOMOIIBIO ATUX (DYHKIIHIM.



MpumMep HUCXOAALLEro NPoeKTUpoBaHUsA ONs
3aZauu npeobpa3zoBaHUA CNMCKAa B MHOXeCTBO.

OCHOBHbI€ OTNIMYUA CTUCKOB U MHOXECTB.
Cnucok :
‘Ynopsaao4dyeHHasa nocnegoBaTenbHOCTL . (1 2 3)#(3 2 1);

°O,D,VIH N TOT XKe 3JIeMeHT MOXeT BCTpe4daTbCA ABaXAbl.

MHoXxecTBa :
*He ynopsaao4eHbl;

‘Kaxxabii anemMeHT BCTpevyaeTcs POBHO OAMH pas.

AprymeHT : CNUCOK.
Pe3ynbTaT | MHOXECTBO.

YcnoBue Bbixoga us pekypcuum : ((null Ist) nil)



BapuaHT 1 . npeobpa3oBaHue cnMcKka B MHOXeCTBO.

FeHepauus pesynbraTa .

Bknwountb ronosy CrnunUCka B MHOXeCTBO, Mony4YeHHoe U3 XBOCTa, U3
KOTOPOro yaaneHbl BCe BXOXAeHUs rosyioBbl.

MpeanonoXxum, 4To Mbl MMeeM (YHKUUIO yAaneHUs BCeX BXOXAEHUM
o0beKkTa B CNUCOK

MULISP : newLISP (peanusoBaHo B newLISP-tk) :
(defun delete (obj list) (define (delete_from _list obj Ist)
((null list) nil) (cond

) ] . . ((null? Ist) '())
((equal obj (car list))(delete obj (cdr list))) .y irst Ist)) (delete_from_list obj (rest Ist) ))

(cons (car list)(delete obj (cdr list)))) (true (cons (first Ist) (delete_from list obj (rest Ist))))))

EyAEM ncnoJsib3oBatb BblIlWEeONMUNCaHHYIO beHKLI,MI-O AnAaA yaaneHuma w3
MCXOOHOIro CNUCKa BXOXOEHUWN NOBTOPAOLNXCA IJIEMEHTOB .

MUuLISP : newLISP-tk :
(defun list_set1 (list) (define (list_set1 Ist)
((null list) nil) (cond
(cons (car list) ((null? Ist) '())
(list_set1 (delete (car list) (true (cons (first Ist)

(cdr list))))) (list_set1 (delete_from_list (first Ist) (rest Ist)))))))



BapuaHT 2 . npeobpa3oBaHue cnMcka B MHOXeCTBO.

[eHepauusa pesynbraTta .

Ecnv ronoBa cnucka cooepXXMTcd B XBOCTe, TO BO3BpPaTUTb B
Ka4dYecTBe pe3ylsibTaTa MHOXeCTBO, NnoJiyd4eHHOe U3 XBOCTa CIUCKA.

MHaye BKNHOYUTL ronoBy B MHOXECTBO, nony4vyeHHoe u3 xBocTa. OAns
onpegeneHna nNpPUHaANeXHOCTM OObLeKTa CnUCKy OyaeM WCnonb3oBaThb
pa3paboTaHHYI0 HaMK paHee (PYHKLUIO NPUHAONIEXKHOCTN 3NIeMEeHTa CNUCKY.

MUuLISP : newLISP-tk :
(defun member (obj list) (define (my_member obj Ist)

((null list) nil) (czzmc:r? ) i

((equal obj (car list)) T) ke 1S5

- - ((= obj (first Ist)) true)

(member obj (cdr list))) (true (my_member obj (rest Ist)) )))

(defun list_set2 (list) (define (list_set2 Ist)

((null list) nil) (cond '

((member (car list)(cdr list)) ((null?Ist) () .

(list_set2 (cdr list))) ((my_member (first Ist)(rest Ist))(list_set2 (rest Ist)))

(cons (car list)(list_set2 (cdr list)))) (true (cons (first Ist)(list_set2 (rest Ist))))))



NMpumep BOCXoAasiLEro NpPoOeKTUpPoOBaHusA . 06 beanHeHne MHOXEeCTB.

AprymeHTbl . 2 MHoxecTBa Istl u [st2 B cnMco4yHOM npeacTaBneHUM.
Pe3ynbTaT .| MHOXECTBO.

FeHepauus pesynbraTa .

BKkno4unTb ronoBy cnucka Istl B MHOXeCTBO-pe3yrnbTraT 00beanHeHnsa XBocTa
Istl n Ist2. OAnAa 3TOro Heo6Xx0A4MMO MNOCTPOUTL (PYHKLMUIO, BKITHOHAKOLLYIO
3afaHHbIN OOBLEKT B CMIUCOK, €CJfIu OH TaM OTCYTCTBYeT.

MUuULISP : newLISP-tk :
(defun put (obj list) ((defi':de (put obj Ist)
. gm . con

((member obj list) list) ((my_member obj Ist) Ist)

(cons obj list)) (true (cons obj Ist))))

(defun unit (Ist1 Ist2) (define (unit Ist1 Ist2)

((null Ist1) Ist2) “;fn“u‘},., A

(put (car Ist1)(unit (cdr Ist1) Ist2))) (true (put (first Ist1)(unit (rest Ist1) Ist2)))))

MyTem ucnonb3oBaHusa (hyHKUUM put nony4yaem elle oauMH BapuaHT PyHKUUN
npeobpa3oBaHUA CNMCKA B MHOXECTBO.

MUuLISP : newLISP-tk :
(defun list_set3 (list) (define (list_set3 Ist)
((null list) nil) (cond

i : - ((null? Ist) *())
(put (car list) (list_set3 (cdr list)))) (true (put (first Ist) (list_set3 (rest Ist))))))



NMpeobpa3zoBaHne cnUcKa B MHOXXECTBO NPU HannM4iuu anemMmeHToB-cnuckoB (MuULISP).

;s PDYHKUWUA CPaBHEeHHWA MHOXecCTB
(defun compare_sets (set1 set2)
((and (null set1)(null set2)) T)
((imember (car set1) set2)
(compare_sets (delete {(car set1)(cdr set1))

(delete (car set1) set2)))
((imember_of_set (list_set4 (car set1)) (list_setd set2))
(compare_sets (list_set4 (del_set (car set1)(cdr set1)))

(list_setd (del_set (car set1) set2)))))

;s PacuumpeHHaa GYHKUNA NTPUHaAONEXHOCTH
; MHOXecCcTBa APYIoMy MHOXecCTBY
(defun member_of_set (set1 set2)
({and (null set2)(not (null set1))) nil)
((and (not (atom (car set2)))
(compare_sets set1 (car set2))) T)
(member_of_set set1 (cdr set2)))
; PYHKUMWA yAaanNneHUA 3NeMeHTa-MHOXecCcTBa
(defun del_set (set1 set2)
({null set2) nil)
((compare_sets set1 (car set2))
(del_set set1 (cdr set2)))
(cons (car set2){(del_set set1 (cdr set2))))

(defun list_set4 (list)

((null list) nil)
; OyepegHOHW 2NeMeHT CNUCKa ABNAeTCA aTOMOM
({(atom (car list))

(cons (car list){(list_setd4 (delete (car list)(cdr list)))))
; OyepegHOHW 2 NMeMeHT CNUCKa ABNAETCA CMITUCKOM
(cons (list_set4 (car list))

(list_setd (del_set (car list){cdr list)))))



; PYHKUMNA CpaBHEHUA MHOXECTB
(define (compare_sets set1 set2)
(cond
((and (null? set1)(null? set2)) true)
((my_member (first set1) set2)
(compare_sets (delete_from_list (first set1)(rest set1))
(delete_from_list (first set1) set2)))
((member_of_set (list_set4 (first set1)) (list_setd set2))
(compare_sets (list_setd (del_set (first set1)(rest set1)))
(list_setd (del_set (first set1) set2))))))

; PaclwumpeHHana pyHKUMA NpUHaaNeXHOCTU MHOXeCTBa APYroMy MHOXeCTBY
(define (member_of_set set1 set2)
(cond
((and (null? set2)
(not (null? set1))) nil)
((and (not (atom? (first set2)))
(compare_sets set1 (first set2))) true)
(true (member_of_set set1 (rest set2)))))

; PYHKUMA yaaneHUA 3remMeHT a-MHOXKecTBa
(define (del_set set1 set2)
(cond

((null? set2) ()

((compare_sets set1 (first set2))

(del_set set1 (rest set2)))

(true (cons (first set2)(del_set set1 (rest set2))))))

; TonoBHaa dyHKUMA
(define (list_set4 Ist)
(cond

((null? Ist) *())
; OyepeaHON 3NeMeHT cNUCcKa ABNAeTCH aTOMOM

((atom? (first Ist))

(cons (first Ist)
(list_setd (delete_from_list (first Ist)(rest Ist)))))

; OyepeaHON 3NeMeHT CNUCKa ABNAETCH CIMIUCKOM

(true (cons (list_set4 (first Ist))

(list_setd (del_set (first Ist)(rest Ist)))))))

lNpeoGpa3oBaHue
CMUCKa B MHOXeCTBO
npwv HanNnU4nMmn
3NeMeHTOB-CMUCKOB
(newLISP-tk).



Mcnonb3oBaHue HaKannuBaroLmMX NnapameTpoB.
3agaya : HanucaTtb PYHKLUMIO peBepcCUpoBaHUA CNMCKa.
AprymeHT . CNUCOK Ist.
Pe3ynbkTraT | TOT XXe CNUCOK, NepenMcaHHbIi B o6paTHOM nopsake.
YcnoBue OKOHYaHUA PEKYPCUU : MYCTON CIMUCOK.

leHepauua pesynbrata (MULISP) : (append (reverse (cdr Ist))(cons
(car Ist) nil))

(defun reverse (Ist)
((null Ist) nil)
(append (reverse (cdr Ist)){cons (car Ist) nil)))

PaccMOTpMM BO3MOXHOCTb CHMXEHUA BbIMUCIIUTENIbHOU CJI0XKHOCTHU
3af4a4ym nyTeM YMeHbLUeHUS 4Yucrna BbI3OBOB MPOCTEULUMX 0a30BbIX
yHKUMN. OyHKUUA BbinoriHAeTcA TeM 3 heKTMBHee, YeM MeHblue
Yyucno BbI3OBOB CONS OHa npepnonaraet. Uccneayem 3aBUCUMOCTb
yuncna N BbI30BOB (yHKUMM cONns dyHKUMEU reverse OT 4Yucna n
3rIeMeHTOB peBepcupyemMoro cnmcka.



OueHKa BbIMUCIINTENIbHOW CITOXXHOCTU AnNS
3aa4M peBepCcUpoBaHUA Crnmcka.

NycTb AaH cnucok ‘(1 2 3 4 5). Boi3biBaeM (reverse ‘(1 2 3 4 5))
lWar 1. 1-1 aprymeHT append : ‘(2 3 4 35). PeaynbTraT BbI30OBa
cons : ‘(1) — 2-1 aprymMmeHT append.

LWar 2. 1-i aprymeHT append : ‘(3 4 35). PeaynbTaT BbI3OBaA CONS
: {(2) — 2-11 aprymMeHT append.

lWar 3. 1-1 aprymeHT append : ‘(4 5). PeaynbTaT BbI3OBa CONS :
‘(3) — 2-1 aprymMeHT append.

lWar 4. 1-u aprymeHT append : ‘(5). PeaynbTaT BbI3OBa CONS :
‘(4) — 2-1 aprymeHT append.

lar 5. 1-1 aprymeHT append : ‘(). PeaynbTaTt BbI30Ba cONs : ‘(J)
— 2-A aprymeHT append. HAOCTUrHyYyTO VYCNnoBUe OKOHYaHMUA
pPeKkypcuu (NycToOn CNUCOK).

UTOro Ha aTane pa3BepTbiBaHUA PeKYPCUU NOMYYUNOCh Nh, TO
eCTb 5 BbI3OBOB cohs. PaccMOTpUM Tenepb CBepTbiBaHUE
PeKypCcHUM.




BbluncnurenbHasa CNNIOXHOCTbL ANA

peBepcupoBaHuAa cnmcka (npoaosmxKeHue).

NocpeacrBoM dhyHKUMKM append KOHCTpyupyem CMNUCOK-

pe3ynbTaT M3 WU3BJIEKaeMblX W3 CTeKa pe3ynbTaToB

PeKYPCHUBHbIX BbI3OBOB

(append nil /{5)) — ‘(5) - 0 BbI3OBOB CONS.

(append '(35) ‘(4)) —> ‘(54) - 1 BbI3OB CONS.

(append ‘(5 4) ‘(3)) > (54 3) - 2 BbI30OBa CONS.

(append'(543) ‘(2)) > (54 3 2) - 3 BbI3OBa CONS.

(append’'{(5432) ‘1)) > (543 21) - 4 BbI30Ba cONns.

Yucno BbLIZOBOB CONS Ha 3Tane CBepTbiBaHUA PeKYpPCUHU

COOTBETCTB}!ET CyMMe n-1 nepBblX YreHOB
pudpMeTU4EeCKOU NPOTrPecCHUM :

(1+(n 1))*(?? 1) n*(n 1)

Oﬁmee Yucno BbISOBOB cons npu pa6orte yHKLUU reverse
n*(n—-1) 2*n+n*—n n'+n n*(n+l)

1+ =
cocTaBnfer 2 > > >,

A n*(n+1)
T.e. 2




MpumeHeHne BcnomoratenbHOM (PyHKLUMM C HaKanuBarLWmMm
napameTpoM AN peBepcUpoBaHUA CrUCKa.

PaccmotpuMm muLISP-BapuaHT oyHKUMM peBepcUpoOBaHUA, KOTOPbIN
npegnonaraet N=n BbI30OBOB CONS. [aHHbIN BapuaHT QYyHKUUN
peBepcupoBaHMA UCMNONb3yeT BcnomMoratesibHyr0 (yHKUUIO C
HakannMBawLWMM MapamMeTpoM, KOTOpPbIA MnepegaeTcss B Ka4vecTBe
pe3ynsraTta B OCHOBHYHO (PYHKLMIO NO 3aBEePLUEHUIO PEKYPCUM.

(defun reverse (Ist)
(rev Ist nil)) HakannuBalowmn
napameTp

(defun rev (Ist1 Ist2)
((null Ist1) Ist2)
(rev (cdr Ist1){(cons (car Ist1) Ist2)))

dyHKUMA rev paboTaeT cnegyioMuM obpasom :

Ist1 Ist2

8 § 3)4) g) BosBpaluaetca B
(3 4) (2 1) KayecTBe pe3ynbrata
(4) (321)

0 (4321)«




Peanusauusa pyHKUMUN peBepcupoBaHus cnmcka B newLISP-tk.

Bbe3 ncnonb3oBaHMA HaKannuBaloLwero napamMmeTpa .

(define (my_reverse Ist)

(cond
((null? Ist) '())
(true (append (my_reverse (rest Ist)) (cons (first Ist) '())))

)
)

C ucnonb3oBaHUeM HaKansmBaloLwero napamMmeTpa .

(define (my_reverse Ist)
(rev st '())

)

(define (rev Ist init)
(cond
((null? Ist) init)
(true (rev (rest Ist) (cons (first Ist) init)))

)
)



Opyroun npumep (MULISP) . HaxoXaeHne CyMMbI U
npousBeneHns 3fIeMeHTOB CNUCKa.

3agava. Ectb cnucok. ChopMUpOBaTEL CMUCOK, COAepKalluK
ABa 3fieMeHTa : cyMMa U Npon3BedeHue 3/IeMeHTOB CNUCKA.
; CYyMMUpOBaHWe 3f1eMeHTOB CMUCKA

(defun sum (Ist)

((null Ist) 0)

(+ (car Ist){(sum (cdr Ist))))

: MpouzBeeHUe 3fIeMeHTOB CNUCKA

(defun mult (Ist)

((null Ist) 1)

(* (car Ist)(mult (cdr Ist))))

; PopMUpOBaHUe CNUCKA U3 CYMMBI U NpOoU3BeAeHUnd

: 3JIeMeHTOB UCXOQHOIO CNUCKA

; MMepBbIX BapUaHT pelleHHUA — ¢ NpUMeHeHueM sum U mult

; B Ka4yecTBe BCNOMOraTenbHbIX (hYHKLUA.

(defun s_m1 (Ist)

(list (sum Ist)(mult Ist)))



Cymma v npousBeaeHne 3/IeMEeHTOB CnuckKa
(npoponxeHue).

» BapuaHT (hbyHKUUKU hOpMUPOBaHUA CMTUCKA
: "CyMMa U Npou3BegeHue”
; C TPUMEeHeHUeM HaKannuBaKLWKUX NapaMeTpoB
(defun s_ma2 (Ist)

(smlist0 1))
; HakonneHue pezynbTrarta
(defun sm(Ist s p)

((null Ist)(list s p))

(sm (cdr Ist){+ (car Ist) s)}{* (car Ist) p)))
; Elle 0AWH BapyaHT pelleHUa 3agavM.
(defun s_ma3 (Ist)

((null Ist)(list 0 1))

(list (+ (car Ist){car (s_m3 (cdr Ist))))

(* (car Ist)(cadr (s_m3 (cdr Ist))))))



Cymma 1 npounsBeaeHue aneMeHToB cnucka (newLISP-tk).

; BapuaHTt chyHKUMM chopMUpoBaHUA CNUCcKa
; CYMMa U npousBeaeHue”
; C NTPUMEHEHMEM HaKannMBalwLWMX NnapamMeTpoB
: Peanun3saumna B new LISP-tk
(define (s_m2 Ist)

(smist 0 1))
; HakonneHwue pesynbrara
(define (sm Ist s p)
{cond

((null? Ist)(list s p))

(true (sm (rest Ist)(+ (first Ist) s){* (first Ist) p)))))
; hew LISP-BapuaHT peanusauunn oyHKUMK S_mM3.
(define (s_m3 Ist)
(cond
((null? Ist)(list 0 1))
(true (list (+ (first Ist){first (s_m3 (rest Ist))))

(* (first Ist){nth 1 (s_m3 (rest Ist))))))))



JlokanbHble onpepeneHus.

JNlokanbHble onpefeneHUA OTHOCATCA K YN PaBNAKOLWKUM
CTPYKTYpaMm Jlucna n odecneynuBator :

1). CoKpalleHHe KONNYecTBa PeKYPCUBHLIX BbI3OBOB
(bYHKLUH;

2). LenaroT nporpammy 6onee ynodouyntaemMomn.
CyuecTBYeT ABe KOHCTPYKLWUU NOKANBbHLIX onpeaeneHui B
Nucne : LET u LAMBDA.

OyHKUMA LET cozpaeT nokanbHyO CBA3b U ABNAeTCA
CUHTAaKCUYecKUM BUaousMeHeHuem LAMBDA-BbIZORA], B
KOTOpPOM chopManbHble U paKTUYeCKHe NapamMeTphbl
nomMeleHbl COBMECTHO B Hayane popmbl :

(let ((hbopmanbHbIK napamMeTp 1 dhakTU4eCKUHA napamMeTp 1)

(.d).Ol.Jmaﬂbelﬁ napametp 1 hakTU4ecKUH napametp 1))
<Teno thyHKLUUN> )

B muLISPe LET aBnfaetca oubnuoreyHon chyHKUMER, ee
MOXXHO UCNoNb30oBaTb, BbizBaB COMMON.LSP 4yepes RDS.



OnucaHue “HaxoxpeHnsa CyMMbl U npousBeneHna’” c
npumeHeHuem LET n LAMBDA.

MuLISP : newLISP-tk :
(defun s_nm¥ (Ist) (define (s_n¥ Ist)
((null Ist)(binomial 0 1)) (cond _
(let ((null? Ist)(list 0 1))
((n (car Ist)) ((tlreute
gz (s_m4 (cdr Ist))) ((n (first Ist))
(binomial (+ n (car 2))(* n (cadr 2))) gz (5_mairest 1sb))
\ ) (list (+ n (first 2))(* n (nth 1 2)))
(defun s_mb5 (Ist) )))?
((null Ist)(binomial 0 1)) ((f::me (s_md Ist)
((lambda (n 2) ;
(binomial (+ n (car 2))(* n (cadr2)))) {grue o0 )
(car Ist) (lambda (n 2)
(s_m> (cdrlst)) (list (+ n (first 2))(* n (nth 1 2))))
)) (first Ist)(s_md (rest Ist))
)

))



