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LlennouyncrneHHbIE
anropuTMmbI
(A3bIK [Mackanb)

Tema 1. Anroputm EBKnunpa



Bbiuncnenne HOLQ

HO[L = HanbonbLwnm obumn gennTtens AByX
HaTyparibHbIX Yncen — 3To Hanborbluee
4ynCrio, Ha KoTopoe oba UCXOOHbIX Yncna
nenartcs 6es3 ocraTtka.

Mepebop:
k :=a; { maum k := b; } Unu
while (a mod k <> 0) or -
(b mod k <> 0) do
k =k - 1;
writeln ('HOO(', a, ',', b, '")=', k);

Q MHOro onepaunn ansa 6onbLUNX YNUCen



Anroputm EBKnnaa

HOIO (a,b)=HOIO (a-b, b)

=HOIO (a, b—-a)
3ameHsieM Dornbluee U3 OABYX YNCen pPasHOCTbIO R
BOosSbLLUEro N MEHbLLIErro A0 TEX NOp, NOKa OHU HE EBknuA
CTaHyT paBHbl. ITO N ecTb HOL. (365-300 70. H. 3.)

9 HO[L Bbiuncnsaercsa yepes HOM. Kak 3To Ha3bIiBaeTcA?

NMpumep:
HON (14, 21) =HOQ (14, 21-14) =HOJ (14,
7) =HOR (7, 7) =7

@ MHOrO LWaroB npy GOMbLLOW Pa3HMLIE HMCEN:

HOL (1998, 2) =HOQO (1996, 2) = ... =
2



MoaundununpoBaHHbIN anroputm EBknnaa

HOJIl (a,b)=HOIO (a mod b, b)
=HOIO(a, b mod a)

3ameHdaeM bornbllee N3 ABYX YMCEN OCTAaTKOM OT AefneHuns
bornblUero Ha MeHbLUee 00 TeX Nnop, Noka MeHbLLee He
CTaHeT paBHO Hymo. Torga bonbwee — ato HOL.

NMpumep:
HOO (14, 21) =HOQO (14, 7) =HOQg (0, 7) =
Ewe g,qVIH BapUaHT:

HOO (2'a,2'b)= 2'HOHO(a, b)
HOI (2-a,b)=HOO(a,b) // npu HeueTHOM b




Peanu3auua anroputma EBknuaa

PeKkypCuUBHbLIN BapUaHT:

function NOD (a, b: integer): integer;
begin
if a = b then NOD := a
else
if a < b then
NOD := NOD(a, b-a)
else NOD := NOD(a-b, b);
end;
function NOD (a, b: integer): integer;
begin
if a*b = 0 then NOD := a+b
else
if a < b then ('E;’I1oqemmyaa+43?
NOD := NOD(a, b mod a)
else NOD := NOD(a mod b, b);

end;




Peanu3auua anroputma EBknuaa

be3 pekypcuum:

function NOD (a, b: integer): integer;

begin
while a <> b do
if a > b then a := a - b
else b :=Db - a;
NOD := a;
end;

function NOD (a, b: integer): integer;
begin
while a*b <> 0 do
if a > b then a a mod b
else b := b mod a;
NOD := a + b;
end;




3aaaHus

«4»: CoctaBuUTb Nporpammy and BbluucrneHmnsa HOL un
3anofiHUTb Tabnuuy:

N 64168 358853 | 6365133 | 17905514 | 549868978
M 82678 691042 | 11494962 | 23108855 | 298294835
HOLO(N,M)

«5»: To xxe camoe, HO CpPaBHUTb AN BCexX nap 4YMcno
laroB 06bIYHOro n MmoanNLUMPOoBaHHOIO

anropntMoB (o6aBuTb B Tabnuuy elle aBe

CTPOUKM).




LlenoyncneHHble
anropnTMbl
(A3bIK Nackanb)

Tema 2. PeweTto 9paTtocdeHa
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[ToUCK NpoCTbIX Yncen

MpocTblie Yncna — 3TO YMcna, KoTopble AenATcs TOnNbKo Ha cebs 1 Ha 1.

NpumeHeHuUe:
1) Kpuntorpadus;
2) reHepaTtopbl NCeBOOCITyYaNHbIX YMCEN.

Hanbonbluee nasectHoe (ceHTA6pb 2008):
243112609 — 1 (copepxuT 12 978 189 undp).

3apadva. Hantu Bce npocTble Ynucra B uHTepsane ot 1 go sagaHHoro N.
NMpocToe peweHue:

Kak ymMeHbLNTb Yncno
luaroB BHyTpPeHHero umkna?

for i:=1 to N do begin

isPrime := True;
for k:=2 to i-1 do
<= 1 * = 3
if i mod k = 0 then k<=yi 4= krk<=i |
isPrime := False;

Kak oueHuUTb uncno

1f isPri th Y
if isPrime en onepauun?

writeln (i) ;
end;

O (N?) | pacTeT He bbicTpee N2
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PeweTto dpatocoeHa

‘ N - /“ N == 7 2N /.-‘\ - .‘
100035 /7O R 13 ) pe(

S PRSP SRR

Rt plbabnatlel, DE T —

Anroputm:
1) Havatbc k =2;

2) «BbIKONOTb» Bce Yncimuepes k, HaunHas ¢ 2-k;  9parocden Kupenckuii
. (Eratosthenes, Epatoc6dvn)
3) nepenTu K cneayrolemMy «<BgBbIKONOTOMY» K; (oK. 275-194 10 H.3.)

AN

) ecnu k-k <=N, 10 nepentn Kk
) «HEBbIKONOTbIMUY .

Harne4yartartb BCE YNCJ1a, OCTaBLUNE

&)

HoBaga Bepcua — pelleto ATKMHA .

@ BbICOKas CKOPOCTb, KONIMYECTBO onepauunm
O((N-logN)-loglogN

Q Hy>KHO)XpaHI/ITb B MamMsaTu Bce 4Ymcna ot 1 oo N



Peanusauus

Nornyeckun maccns A[N], roe
A[1] = True, ecnm ymcrno 1 He «BbIKONOTOY,
A[1i] = False, ecnmyncro 1 «BbIKOSIOTOY.

{ crauasla BCce umcJia He BBKOJIOTH }
for i:=1 to N do A[i] := True;

{ OCHOBHOM LMK
«BBIKAQJIBIBAHME>» COCTABHEIX umMceJs }

{ BRIBOOMM oOCTaBUMECSsI uMcCla }
for i:=1 to N do
if A[i] then writeln (i) ;
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Peanusauus

OCHOBHOU UUKN:

k := 2;

while k*k <= N do begin
if A[k] then begin

i1 := k*k; «BblKanbiBaem»
while 1 <= N do begin BCE YnClia,
A[i] := False;  kpafbie k
i =1+ k;
end;
end;
k =k + 1;

end;




3aaaHus

«4»: Peanun3oBaTb «peweTto dpartocceHar», umcno N

BBOAUTb C KilaBUAaTypbLI.

«5»: To xxe camoe, HO CPaBHUTb YUCIO LLAroB anropuTtma

Ana pas3nuyHbix 3Ha4eHun N. NMocTpounTtsb rpaduk B
Excel, cpaBHUTb CNOXHOCTb C JINHENHOM.
3anonHUTbL Tabnuuy:

N

1000 5000 10000 20000 50000

KonuyectBO
NPOCTbLIX Yucen

Yucno waroB
BHYTPEHHEero uukna
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LlennoyncrneHHbIe
anropuTMmbI
(A3bIK Mackanb)

Tema 3. INnUHHbIe Yyucna
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YT1o Takoe ANMHHbLIE Yyncna?

3agaya. Bolumcnumtb (TOYHO)
100! =1-2-3-...-99-100
NMpobnema:
9TO 4uncno cogepxut boree 100 undp...

9 CKONbKO Hyrneun B KOHLUe 3TOoro ymcna?

9 Kakasi nocnegHss HeHyneBas uudpa?

PelwleHue:
XpaHUTb Undpbl B BUAE Maccuea, rno rpynnam (Hanpmmep,
6 undop B A4enke).

9 CKOmnbKO fiYeeK HY)XXHO? 100! < 100%%°
|

201/6~ 34 quelnkn 201 undppa
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XpaHeHMe ONMAMHHbBIX YUcen

1234 568901 734567 =
— : 2
= 1234 10000001 + Ha 4To 3To
568901 -1000000~ + noxoxe?

734567 -1000000°

XpaHUTb Yncno no rpynnam 13 6 undp — 3To 3Ha4UT
npencTtaBuTb €ro B CUCTEME CUYUCTIEHUA C OCHOBaAHUEM
d=1000000.

AnropuTm: [A] — ANVHHOE YNCIO, J

 XPaHSILLLESCs Kak MaccuBs
[A]=1;

for k: =2 to 100 do
[A] = [A]* k; J

YMHOXEHWEe ANNHHOTO
{ BaBecTn [A] } GiCna Ha «KOpOTKOe»




YMHOXeHue ANIMHHOIro Yncna Ha KopoTkoe

2] & 20
1234568901
734567 .EJ
X
3 e - N
3763‘J7067U5“
734567 -3 «g 01 | c,= (a,'k+0) modd
- .= (a,’k+0) /d
20 nepeHoc, {J iJ i =
c, = (al'k+r1) mod d
568901 -3+2 = (1) r.=(a k+r) /d
706705 / rz l c c,= (az‘k+r2) mod d
r.=(a,’k+r)) /d

1234 -3+1 =

| <)

3703
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BbiuucneHue 100!

const d = 1000000, { ocuomranmme cmucTems }

var A: array[0..40] of integer;

s, r, { npousBemeHme, ocTaToOK }
i, k, { BcnoMorareJsibHbIE }
len: integer; { mnura umcia }
begin
{ npuceouTe [A] =1 }

{ nocyemoBaTeNILHO YMHOXATh
[A] Ha 2, 3, ..., 100 }
{ BriBecTt [A] }

end.




BbiuucneHue 100!

len := 1; { sanucarTes [A]=1l }

A[0] := 1;

for i:=1 to 40 do rnoka He KOHYMIINCh
A[i] := 0; LUndpbl Ymucna [A]

for k:=2 to 100 do begin inu ecmw/
i :=0; { ¢ Mmananwmero paszpsina}
r := 0; { nokxa HeT nepenoca}

while (i < len) or (r > 0) do begin

5 85 RIS e i3 Foe pesynbrar?
A[i] := s mod d; { B sTC popey :

r := s div d; { nepenoc }

i :=1i+1; { *
MoXHo opaTb roe d?
end; 9 AHO nn Op APy

len i; { HOBAsST mnMHaA uMcJIa }

end;




21

Kak BbiBecTU OJNIMHHOE Yucno”?

«lepBas MbICNb»:

for i1i:=len-1 downto 0 do
write(A[i]) ;

9 YTo nnoxo?
Npobnema:

KaK He NOTEPSATb MNepBble HYINW MPU BbIBOAE YMUCEN, ONMNHA
KOTOPbIX MEHEE 6 3HAKOB?
123 — 000123

PelwweHue:
COCTaBUTb CBOIO Npoueaypy, a npu BblBoAe CTapLUero
paspada (len-1) ybupartb nuanpyrowme Hymnu:

write(A[len-1]); { crapumm paspsn }

for i: =1len-2 downto 0 do
Write6 (A[1] ) ;




Kak BbiBecTU OJNIMHHOE Yucno”?

[Mpouenypa:
procedure Write6 (N:

var x, d: integer;
begin
x := 100000;
while x > 0 do begin
d := N div x;
N := N mod x;
X := x div 10;
write (d) ;
end;

end;

integer) ;
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3aaaHus

«4»: CocTaBUTb NporpamMmy Ans BbIYUCIEHUSA
991! =1-3-...:97-99

«5»: To e camMoe, HO HanucaTb CBOIO Npoueaypy ans
BbIBOAA, UCMOJb3YIOLLYI CUMBOJIbHbIE CTPOKM.

«6»: Hanncatb nporpammy Ans YMHOXeHUs ABYX
ANVHHbIX Yucen (Beoa u3 panna).

«7»: Hanucartb nporpammy Ans n3BrneYeHus
KBagApaTHOro KOPHA U3 ANUHHOIO YMcna (BBoa U3
daunna).
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LlenoyncneHHbIe
anropnTMbl
(A3bIK Nackanb)

Tema 4. LlenouncneHHast
onTuMulauus



3aaayuvm uerioumcrieHHoOM onTuMun3saumm

OnTumusauus:

f(x) — min Npu 3aaHHbIX OrpaHNYeHNSAX
LlenouncneHHasa ontumusaums:

X — BEKTOp (MaccuB) LenbIX Yncern

KomMbuHaTopHasa onTuMmn3aums:

X — BEKTOP (MaccuB) LEenbIX YKUCES, MPUYEM BCE Er0
areMeHTbl NpuHaanexart 3agaHHoOMYy Habopy yncen

@ Npyu Marnom Kofin4ecTBEe BapUaHTOB MOXHO PeLLUUTb
NPOCTbIM Nepebopom

Q npv GOMbLUOM KONUYECTBE BapuaHTOB Ha peLleHne
nepedopomM MOXET NoTpedoBaTbCs OrPOMHOE BPEMS
(ans psga 3agad apyrve anroputMbl HEM3BECTHDI)
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3agavya KoOMMUBoOSXKepa

3agadva kommuBosikepa. Kommusosikep (bpoasumn ToproBel,) AOMMKEH
BbIUTM M3 NEpBOro ropoga W, NOCETUB MO pa3y B HEW3BECTHOM
nopsgke ropoga 2, 3, . . . N, BepHyTbcHa 00paTHO B nepBbii ropoa. B

KakoMm rnopsiake Hago obxoamTb ropoga, YTodbl 3aMKHYThIN NYyTb (TYpP)
KOMMMBOSIKepa Dbl KpaTyanwmm?

310 NP-nonHaA 3apaya, KoTopasa CTPOro pewlaeTcs
TOJNIbKO nepedbopom BapuaHToB (noka)!

TouyHble meTOoAbI:

1) I'IpOCTOVI nepe6op, Q 6OJ'IbLlJoe BpeMﬂ cyeTa Aand
2) MeToq BETBEW U rpaHuL; Gonbwnx N 5 1 I

3) wmetog JlutTna;

4)

MpubnuxeHHbIe MeToAblI:

5) MeTog cny4vanHbix nepectaHoBok (Matlab); Q HE rapaHTNpyeTcA
reHeTU4YeCKne anropuTMsl;

6) onTuUMarnbHoe
/) MeTog MypaBbUHbIX KONOHWUN; pelieHune
8)

26
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MeToa cny4YauHbIX NepecTaHOBOK

nepecrtaHoBka ymicen 2, 3, . . . ——3apaua

0-@-@~@-@-0

AnropuTtm:
1) 3anucartb B MaccuB X NepecTaHOBKY

2 3 .. N
HanUTK oNUHY MapLupyTa
1=»2=m3m = N=]
n 3anucaTb ee B Lmin;
2) BblOpaTb CriydamMHo ABa afieMeHTa MaccuBa X U MOMEHATb UX
MecTaMmu;
3) HaNTu ANUHY MapLupyTa, COOTBETCTBYHOLWEINO X U, €CIIN OHA MEHbLUE

Lmin, 3anucaTb ee B Lmin v 3anOMHUTbL NEPECTAHOBKY;
4) ecnu 4Yncro waroB MeHbLUE 3a4aHHOro, NepPenTun K wary 2.

YTo npencraBnsaeT cobon pemeHMe’?
KOMOUHaTOpHas J




KoHen dpunbma
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