Pekypcus




Ob6uee onpeaeAeHMe

® Pekypcus — MeTOA onpeAeAeHUs KAACCa OB6beKTOB
MAU METOAOB NMPEABaPUTEAbHBIM 33AaHUEM OAHOTO UAM
HECKOAbKUX (OObIMHO MPOCTbIX) ero 6a3oBbIX CAyYaeB
MAU METOAOB, 2 3aTEM 33AAHUEM Ha UX OCHOBE MpaBUAA
NOCTPOEHUS OMPEAEASEMOrO KAacca.

® ApyrMmu cAoBaMmu, peKypcusi — YacTUYHOE
onpeaeAeHne obbekTa Yepes cebs, onpeaeAaeHUne
obbeKTa C UCMOAb3OBaHMEM paHee OMPEAEAEHHbIX.
Pekypcusa ncnoAb3yeTcs, KOrAQ MOXXHO BbIAEAUTD
camonoaobue 3apaum.



Pekypcua TMNoB AaHHbIX:

® OnucaHuMe TUNa AAHHbIX MOXXET COAEPXKaTb CCbIAKY Ha
camy cebs. [lopoobBHble CTPYKTYPbl MCMOAB3YIOTCS MPU
OnUCaHUKU crnmMckoB U rpados. [1pumep onuncaHus
CnucKa :

class element_of list; // Heobxoanmo no npasmaam C++
class element_of list

{

element_of list *next; // ccblAKa Ha cAeAyrOLLUMA
/[ 3AeMeHT Toro ke Tuna

® int data; /| Hekne aAaHHbIe //
o }



Pekypcuna pyHKLMM

® Pekypcua ¢yHKLMU— 3TO BbI3OB
$yHKLMU (MpOLLEAYPbBI) U3 HEE YKE CaMOM,
HEeNOCPEACTBEHHO (MpOCTasa peKypcums)
AU Yepe3 Apyrue GYHKLUMK (CAOXKHaS
PEKYPCUSA), HanpuMmep, yHKUua A
BbI3biBaeT PpyHKUMIO B,a pyHKumna B —
dyHKumio A. KoanyecTBo BAOXKEHHbIX
BbI3OBOB PYHKLIMM UAU MPOLLEAYPHI
Ha3blBaeTCS FTAYOMHOM peKypcum.



O6wmni BMA peKypcmu:

EcAmn (npoctesiumii cayydair) Toraa
Pewuntbs Hanpsamyto
HNHaue

AeAaTb peKypCUBHbIN BbI30B AO MOSBAEHMS
MPpOCTEULLIErO CAyYas



3aaava o BbluMcAeHMM PaKTopUuaaa

® BbluncaeHne dpakTOpMasa — NnpuMep 3aAa4K, B
KOTOPOM Mbl MOXXEM MCMOAb30BaTb PEKYPCHIO.
DakTopUaA N ITO NpPomU3BEAEHME BCEX
HaTYPaAbHbIX YMCEA AO N BKAIOYMTEABHO. K

npumepy:

@ 5!'=5%4*x3*2*%] =120
@ 4 =4*3*2%] =24

@ 3N=3*2*%| =6

o 2=2%]=2

o |!'=]

o 0=



® OAHaKo Mbl MOXXEM BbIpa3uTb PpaKTOpUAA
PEKYPCMBHO, Yepe3 Apyrme GpaKkTOpMaAbI:

® 5! =5 * 4

® 4! =4°*3!
® 3! =3*2
®20=2%*]|!
o |!=1]*0!

CNI



[lpmep peaAamnsaumm GyHKUMM Ha c++

int factorial(int n) {
if (n ==0)
{
/[ npocTenwnm cAyyan
return |;

}

else

// PeKypcUBHbIN BbI3OB
int value = factorial(n - I);
return n * value;

}
}



XaHoMncKue 6allHu:

® B oAHOM U3 BYAAUMCKMX MOHACTbIpEM MOHAXM YXKe
TbICAYY AET 3aHMMAIOTCSA MEPEKAAABIBAHUEM KOAEL,
OHu pacnoaaraloT TpeMsi MMPaMUAAMU, HA KOTOPbIX
HaAETbl KOAbLLA pa3HbIX pa3mepoB. B HayaAbHOM
cocTosiHnmn 64 KoabLa BbIAM HaAETbl Ha NepBYIO
NMMpamMUAY M ynopsiaodeHbl no pasmepy. MoHaxu
AOAXKHbI MEPEAOXKUTb BCE KOAbLLA C MEPBOM
NMMPaMMAbI Ha BTOPYIO, BbIMOAHSSI EAMHCTBEHHOE
YCAOBUE — KOABLLO HEAb35l MOAOXKUTb Ha KOAbLLO
MeHbLuero pasmepa. [ 1py nepekAaAbIBAaHUM MOXKHO
MCMOAb30BaTb BCe TPU NMpamuabl. MoHaxwm
NepeKAaAbIBalOT OAHO KOAbLLO 32 OAHY CeKyHAY. Kak
TOAbKO OHM 3aKOHYaT CBOIO paboTy, HACTYNUT KOHeL,
cBeTa.



[loMoub YHUUYTOXNTBb MUP!

® AaHHas 3apa4a MMeeT 3AeraHTHOE peKypCMBHOE
peLueHue:

® TaK, HaM HeobXOAMMO NMepeHecTM N AUCKOB CO
CTepXXHS (a) Ha cTepkeHb (c). AonycTum y Hac
ecTb PyHKLMS NnepeHeceHUs n-1 AncKa, Toraa
33Aa4a Aerko paspewnma. AAa 3TOro BHavaAe
nepeHeceM n-l AUCK co cTepyKHA (a) Ha
cTepXeHb (b), npuMeHsas peKypcUBHbBIM BbI3OB
TOM e PYHKLMU, 3aTEM MEepEeHeCeM N-bIM AUCK
CO CTepXHS (a) Ha cTep>KeHb (C) U HaKoHeL,
nepeHeceM n-1 Auck co ctepxHs (b) Ha
cTep>eHb (¢). PaboTa BbIMOAHEHa.



OyHKuUA Ha ct++

void Step(int n, char a, char b, char c)
/| n - KOAMYECTBO KoAeL,;
/] a, b, c - GawHu;

{

/] T. K. Ha Ka)KAOM LUare KOAMYECTBO KOAeL, byaeT
YMEHbLLATbCSA Ha OAMH,

I/ 3TO ycroBMe ByAET YCAOBMEM BbIXOAQ U3 PEKYPCUMU
if (n <= 0) return;

Step(n-1, a, ¢, b);

printf("anck %d c %c Ha %c \n", n, a, b);

Step(n-1, ¢, b, a);



LleHa pekypcumn

® VcnoAb3oBaHUE peKYPCUM MOXKET
COKpPaTUTb pasMep UCXOAHOIO KOAQ
NporpaMMmbl U CAEAaTb Koa Boaee
SAEraHTHbIM U NOHATHbIM. OAHaKoO

PEKYPCUA MMEET U CBOMU HEAOCTATKM. ..



[1pumep: BoiumncaeHue

unceA puboHavuMn
long fib(int n)

{
if(n<=1)
return n;
else

return fib(n- 1) +fib( n-2);



[ loBTOpHOE BbIYMCAEHME 3HAYEHUM

® PaccmoTpuM BU3yaAU3aLUIO PEKYPCMBHOIO MOACYETA YMCEA
drboHauuu:
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Mo>HO 3aMeTuTb, uTo F(3) BbluMCseTca Tpu pasa. Ecim
paccMoTpeTb BbluncaeHune F(n) npu 6oabwimx n, To
MOBTOPHbIX BblYMCAEHUN ByaeT O4eHb MHOr0. 3TO U eCTb
OCHOBHOW HeA0CTAaTOK PeKypCn — NOBTOPHbIE
BblYMC/IEHUSA OAHUX U TeX XKe 3HaYEeHUM



Y AyuLLeHus

o ,A,Aﬂ n36aBAEHUA OT BbIYUCAEHUSA OAHUX U TEX XKeE 3HAa4YEHUU MOXKHO rae-
TO XpaHUTb Y>Ke€ NOCHNTAHHbIE 3HAYEHUA, HANMPUMEP KAK 3TO CAEAAHO
HUN>Xe C NCNMOAb3OBaHUEM MTePaLI.Ml\;i BMECTO pPEKYpPCHUM.

long F(unsigned int n)

{

long F_ I =1,F 2=0,F cur;
if(n <= 1)
return n;

for(unsigned int k = 2; k <= n; k++)

{
F cur=F | +F 2
F2=F_I
F I =F cur;

} return F_cur;



TpeboBaTeAbHOCTb K MaMATH

® AAropuUTMbI, UICMOAB3YIOLLUE PEKYPCUIO

BECbMa TPEGOBaTeAbeI K MaMATMH.

BepHemcs K npuMepy ¢ peKypCUBHBIM
BblYMCAEHMEM daKTopHraaa. [lpu
BbIMOAHEHMM 3TOrO aAropuTmMa obpasyertca
CTEeK, B KOTOPbIM 3aMUCbIBAOTCA PE3YAbTATD
PaboTbl PYHKLMU Ha KAXKAOM UTEpaL MW,
OAHako yeM BoabLuee YNCAO Mbl Byaem
BbIYMCASATb, TEM BOAbLLE HaM NoTpebyeTcs
namaTy.



Pekypcus u cTek

® KaxabIM War pekypcun npeacTaBaseT cobor HE3aBUCUMbIA AaATOPUTM
(OTAEAbHBIN «3K3eMNAApP» PyHKUMM). B cAyyae BeTBALLENCA peKypcum
OAMH TaKOM aArOPUTM MOPOXKAAET HECKOABKO MOAOBHbBIX, MOCKOAbKY BCE
OHM BbIMOAHSIIOTCS HA OAHOM MPOLLECCOPE, BOZHUKAIOT KOTAOXKEHHbIE
LIAruny, KOTopble HEOBXOAMMO BbIMOAHUTL «MOToMY. BosHuKaeT Bonpoc, a
rAe, Co6CTBEHHO, FOBOPSl, COXPAHAIOTCS AaHHblE 00 3TUX OTAOXKEHHbIX
warax. B cAyyae ncnoab3oBaHus ob6bIMHOM peKypcum caMo TeKyluee
COCTOSIHME AATOPUTMA, €0 AOKaAbHble AaHHble (HampUMep, MHAEKC LIMKAQ
nepebopa BapuaHTOB) U 3aAaI0T MNOBEAEHUE TEKYLLErO LUara peKypcum «B
6yaywiemy. [1py1 peKypcMBHOM BbI3OBE 3TO COCTOSIHUE 3aNMOMMUHAETCSA B
CTeKe, NpPU BO3BPaLLEHUN — aBTOMATUYECKM NMPOAOAXKAET TEKYLLMI LUAr OT
TOYKM «3amep3aHusy. Ho To, 4To AeAaaeTca aBTOMaTUYECKU, MOXKHO
PeaAn3oBaTb B SBHOM BUAE C UCMOAb3OBaHUEM CMeELIMaAbHO
OpPraHW30BaHHOIO MPOrpaMMHOrO CTEKA, ECAM NMOMeLaTb B Hero Habop
AQHHbIX, COOTBETCTBYIOLLUX HAYAaABHOMY COCTOSIHUIO KaXKAOro
cAeAyloLlero wara. Toraa peKypCUMBHbIM aATOPUTM CTaHOBUTCS MPOCTbIM
LLUKAUYECKUM.



CxemMa peKypCMBHOIO aArOpUTMa C ABHbIM CTEKOM

stack S; I/ ABHBIN cTeK
data DO={...}; // HayaAbHOe cocTosiHMe — nNepBbIn Lwar
S.push(DO); I/l TlomecTuTb B CTEK
while(S.size()!=0){ I/l LIUKA n3BAE€YEHMS LIAroB M3 CTeKa
data D=S.pop(); I/l 3BAeYb U3 CTEKA AaHHblE HOBOTO Luara

/I O4yepeaHoOM wWar
if (Tynuk) continue;
if (ycnex) break;

for (int i=0;i<N; i++)

{
data DI;
DI=... /I AaHHble HoBOro wara
S.push(D1); I/l cdopmupoBaTb U MOMECTUTb B CTEK
}



BoAHOBOM aAropmnTm

® PeKypcUBHbIM aATOPUTM AaeT HaM NMOCAEAOBAaTEAbHOCTD
BbIMOAHEHUS LLIAroOB, U3BECTHYIO KaK «PEKYPCUBHBIN 0OXO0A,
AepeBay, KOTopasi OMNpeAeAsieTCa CBOMCTBaAMM CTEKa, ero
peaAM3yloLLLero.

MNmeeTcs apyras nocaeA0BaTEAbHOCTb 06X0A3, KOTOPYIO 06pasHO
MOXXHO MPEACTaBUTb B BUAE BOAHbI, PAaCIPOCTPAHSAIOLLLENCS OT
KOPHS AepeBa K BepLUMHaM. Takol 0bXoA Y>Ke HeAb3sl Ha3BaThb
PEKYPCUBHBIM, MOTOMY YTO €€ HeAb3sl PeaAU30BaTb C MOMOLLbIO
MeXaHW3Ma SIBHOrO PeKYPCUBHOIO Bbi30Ba PpyHKUMU. TeM He MeHee,
MAES Pa3BETBASIOLLErOCs aATOPUTMA C MAEHTUYHBIMM LLIAraMm
ocTaeTcs B cuAae. AAst Toro, 4Tobbl Larn aAropuTMa BbINMOAHSIIOTCS
«MNO CAOSIMY», HY>XHO BMECTO SIBHOFO CTeKa MCMOAb30BaTb
aHAAOTMYHYIO OYEepeAb LUAroB aAropuTMa.



33Aa4a MOMCKAa MMHMMAABHOIO MyTH

MNaes «BOAHBI» MHOTAQ NO3BOASIET PE3KO COKPATUTb YUCAO NMPOCMATPUBAEMbIX
BapMaHTOB B CPaBHEHWUU C PEKYPCMBHbIM nepebopom. Hanpumep, aaroputm
OMNpPEeAEAEHUS KpaTHanLIKMX NyTen Ha rpadpe MOXKHO peLunTb, MPEACTaBUB €ro Kak
PacnpoCTpPaHEHME KBOAHBI» U3 UCXOAHOM BEPLUMHBI. Takas BOAHA, MPOXOAS Yepes
BEPLUMHbI, 3AMOMUHAET B HUX AAMHY NpoMAeHHoro nyTu. [lepeuncAanm «cocTaBHble
4acTM» TaKOro aAropuMTMa:

- NPOXOXAEHUE BOAHbI Yepe3 BEPLUMHY MOAEAMUPYETCSl MOMELLLEHUEM €€ B OYEPEAb;

- BOAHOBOM AATOPUTM U3BAEKAET BEPLUNHbI U3 OYEPEAUN U NMOMELLAET B HEE
HEKOTOPYIO 4acCTb «coceApeny, B KOTOpbl€ 3Ta BOAHA pacCripoCTpaHAETCA,

- NPW pacrnpocTpaHEHUU BOAHbI B COCEAHIOIO BEPLUMHY B Hee MOMELLAeTCsl AAUHA
MNyTU U3 HAYAAbHOM: OHa PaBHAa AAMHE MYTU AO TeKyLL el (KOTopas yXKe COAEPXKUTCS
B TEKYLLLEN BEPLUMHE COMAACHO 3TOMY XK€ aATOPUTMY) MAIOC PacCTOsSIHUE AO
«cocepan;

- BOAHA pacnpoCTPaHSIeTCs B HEMPOMAEHHbIE BOAHOM BEPLUUHbI;

- BOAHa paCripoCTpaHAETCA B I'IpOljiAeHHble BEPLWMHUNHbI, ECAU HOBOE paCCTOAHUE
MEHbLUE CTaporo, B 3TOM CAy4a€ OHa Bbi3bIBA€T KMOBTOPHYIO BOAHYY,

- 3aUUNKAUBAHUNE AATOPUTMA U NMOBTOPHOE MNMPOXOXKAEHUNE BOAHDbI B O6PaTHOM
HanpaBA€HUN UCKAIOYAETCA NMPEAbIAYLLNM YCAOBUEM.



[ Ipmep peaamsaumm

Il Tlonck KpaTyamwmnx nyTen Ha rpadpe — BOAHOBOM aArOpUTM

#define N 100
int A[N][N];
int W[NJ;
void main(){
int nc=0,ncmp=0;
for (int i=0;i<N;i++) WIi]=-1;
create(0.05);
int n0=0;
WI[n0]=0;
queue<int, 100> Q;
Q.in(n0);
while(Q.size()!=0){
int ni=Q.out();
if (W[ni]==-1) continue;

nct+;

/] MaTpuLa paccTosiHMI AO coceae

// MaTpuLa pacCTOAHUIM OT HaYaAbHOIO

I/l HavyaAbHas BeplMHa U paccTosiHMe A0 camom cebsa =0

Il O4yepeab HomepoB BepLUMH
I/l TloMecTUTb UCXOAHYIO B OMeEpeAb
I/ Tloka ovepeab He nycTa
// 3BAe4b HOMep oYepeAHON BepLUMHDI
// owmnbKa - oHa eLLe He NpoMAEHa

/] noacyeT TPYAOEMKOCTU aATOpUTMa



[IpoAOAKEHME

for (i=0;i<N;i++) // npoBepka Bcex coceaemt
if (A[ni][i]'=0){ // 2To HeOTMeYeHHbIN cocea
if (WIil==-1 || WIi]>WI[ni]+A[ni][i])
{ IInan cocea c 6oaee AAMHHBIM NyTeM

WIi]=WI[ni]+A[ni][i]; / YMeHbWUTb AAUHY NYTU AO Hero
Q.in(i); // TlomecTUTb B ovepeAb (BTOpasi BOAHA)
}

ncmp++; // noAcYeT TPYAOEMKOCTU aATOpUTMA

}

}
for (i=0;i<N;i++) printf("%d ",WT[i]);

printf("\nnc=%d ncmp=%d\n",nc,ncmp);

}



Pesiome

® Takum obpasom, Bceraa noaesHo noaymaThb o
3aMeHe peKYpPCMM Ha LIUKAUYECKME aATOPUTMBI.
OAHaKO B HEKOTOPbIX CAYYasiX peLleHue
33Aa4M 6e3 peKypcmu MoXKeT BbITb
4Ype3Bbl4aMHO CAOXKHbIM U MPUPOCT
NPOM3BOAUTEABHOCTU He ByAeT CTOUTb
NOTPaY€HHbIX YCUAUMN.



/

EcAau (Bbl yero-to He noHsAn) To

3anycTuTe Npe3eHTaLUIO CHaYvaAa.

NHaue:

Cnacnbo 3a BHUMaHUe, Ha 3TOM
npeseHTaLus 3aKOHYeHa!




