ANTOPUTMbI COPTUPOBKM

BBeaeHue
[pocTble meToApbl ~0(n?)
CNoXHble meToAbl ~0O(n-log n)



3a4a4a COPTUPOBKU

@ J1nAa HeKoTopoM NnocneaoBaTeNbHOCTH

a,, Ay, ..., A,
HAaNTN MNepPecTaHOBKY €€ 3/1IEMEHTOB B TAaKOM MOpPAAKeE
a'y,a,, ...,a,,

4YTO Npu 3agaHHON dYHKUMK f cnpaBeannBO OTHOLWLEHME:
fla'y) < f(@',) < ... £ f(@'))

¥ OyHKUMA ynopagovmBaHua f(x) He BblumncaaeTca, a
COAEPHUTCA B KAXKAO0M dN1E€MEHTE B BUAE ABHOM
KOMMOHEHTbI. E€ 3HaYeHmne Ha3bIBAOT KJAOYOM 3/IEMEHTA.



Tunbl cOPTUPOBKN

@ BHYTPEHHUM
< BCe 2/1eMeHTbl HaXo4ATCA B MAaMATU MalLUUHDbI
® BHelHuu

2 MACCMB AQHHbIX HACTO/bKO BeNUK, 4to B O3Y
MaLLUMHbI MOXeT XPaHUTbCA TO/IbKO /INLLb YaCTb
NAHHbIX

@ YcTtonumBasa COpTUPOBKA

2 COXpaHAET OTHOCUTENbHbIN NOPAAOK
Pa3MeLLEHNA SNEMEHTOB B MAacCUBE,
coaepxawem ayb61MpoBaHHbIE KAOUYMU



OCHOBHbIe XapaKTepUCTUKH

@ Bpems — xapaKTepuCTUKa Bbi3blBatoOLLAA
HanbonbLWNN NHTEPEC

@ lononHUTENbHbIN 06BbEM OnepaTUBHOM
NamMmATU, UCNONAb3YEMbIN ANTOPUTMOM
< |n place (6e3 npuBnevyeHmMA AONO/IHUTEIbHOM
NamsTu;

2 C nMcnoab3oBaHMEM MeCTa ANA Pa3MELLLEHUA
yKasaTtenem nam MHOAEeKCoB MacCUBOB;

< Tpebyowme NamaATb ANA Pa3MELLLEHUA eLle OAHOM
KoMK maccumBea.



BcnomoraTte/sibHble Nporpammel

#include <iostream>
#include <cmath>
#include <iomanip>
using namespace std;

const int N = 10;

unsigned long long start, end;
unsigned long long access counter(){ asm("rdtsc"); }

void init(int a[],int 1,int r) {

for(int i=l;i<=r;i++) a[i]l=rand(); }
void init(double a[],int 1,int r) {

double h=2.*M PI/(r-1);

for (int i=l;i<=r;i++) a[i]=sin(h*i); }



template <typename T> void print(T a[], int |, int r) {
for(int i=l;i<=r;i++) cout << a[i]<< (i==r?"\n":'"'); }

template <typename T> void exch(T& A, T& B) {
T t=A; A=B; B=t;}

template <typename T> bool compexch(T& A, T& B) {
if(B<A) { exch(A,B); return true; } else return false; }



ANTOPUTMbl COPTUPOBKU C
TpyaoemKocTbio ~O(n?)

CopTnpoBKa BCTaBKamMmu
CopTnpoBKa BbIbOpOM
CopTnpoBKa Ny3blpbKOM
LLlenKkep-copTUpPOBKa



CopTUpOBKa BCTaBKaMM

template <typename T>
void insert (T a[], int 1, int r) {
for(int i=l+1;i<=r;i++)
for (int j=i;3>1;3--)
if ('compexch(a[j-1],a[]j])) break;
}



CopTmpoBKa BbIbopom

template <typename T>
void slct (T a[], int 1, int r) {
for(int 1i=1;i1<r;i1++) {
int min=1i;
for (int j=i+1l;j<=r;j++)
if(a[j]l<a[min]) min=j;
exch(a[i],a[min]); }



CopTUpOBKa MeToa0M My3blpbKa

template <typename T>
void bubble (T a[], int 1, int r) {
int b=1;
for(int i=l; (i<r) && b; i++){ b=0;
for (int j=r; jJ>1i; jJ--)
b = compexch(a[j-1],a[j]) || b; }



LLlenkep - copTnpoBKa

template < typename T >

void shaker (T a[], int 1, int r) {

int j,k;
do { for(j=k=r;3>1;3j--)

1f (compexch(a[j-1],a[3])) k=3, 1l=k;

for (j=k=1+1;j<=r;j++)

i1f (compexch(a[j-1],al[]J])) k=3, r=k-1;}

while (1<r) ;

}



Bonee bbicTpblie anroputmeil
COPTUPOBKU

CopTtuposka Lenna ~0(n3/2)
~O(n log n)

bbiCTpaa copTUpoBKa Xopa B cpeaHeMm

CopTUpPOBKa CAUAHUNEM BCeraa

[MTnpammnaanbHaaA COPTUPOBKaA in line



CopTunposKa LLlenna

template <typename T>
void shell (T a[], int 1, int r) {
int h; for(h=1l; h<=(r-1)/3; h=3*h+l) ;
for (;h>0; h/=3)
for (int i=l+h;i<=r;i++) {
int j=i; T v=al[1i];
while( j>=l1+h && a[j-h]>v ) {
a[jl=alj-h]; jJ-=h; }
a[jl=v; }

141340121364 1093 3280 9841 ... ~0(N3/2)



CopTunpoBKa metogom LLlenna
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for(int i=l+h;i<=r;i++) {int j=i; T v=a[i];
while( j>=I+h && a[j-h]>v ) { aljl=alj-h]; j-=h; }
aljl=v; }




bbICTpaA COpPTUPOBKa Xopa

template <typename T>
void quicksort (T a[],int 1,int r) {
int i1=1-1,j=r; T x=al[r],;
for(;;) { while(a[++1i]<x);
while (x<a[--3j]) if(j==1) break;

if (i>=j)break; exch(al[i],al[]j]); }
exch (a[i],alr]);
1f (1<i-1) quicksort(a,l,i-1);
i1f (r>i+l1l) quicksort(a,i+l,r); }



CopTUpOBKa CIMAHUEM

template <typename T>

void merge (T a[],int 1l,int m,int r) {
int 1,3; static T aux|[N];
for(i=m+l1l;i>1;i--) aux[i-l]l=a[i-1];
for (j=m; j<r;j++) aux[r+m-jl=a[j+1l];
for (1nt k=1;k<=r;k++)
alk]=aux[jl<aux[i]?aux[j--]:aux[i++]; }
template <typename T>

void mergesort (T a[],int 1 int r) ({
if (r<=1l) return; int m=(r+l)/2;
mergesort(a,l,m); mergesort(a,m+l,r);
merge(a,l,m,r); }



N ' N''EaEae
AUX




J1BOMYHOe aepeBo

5 10 11
2N 2n+1



J1BOM4YyHOe aepeBo

NupamuganbHO lNoncka
ynopAaaodyeHHoe
@ JlepeBO Ha3blBaeTCA
@ [lepeBO Ha3blBaeTCA
ABOUYHbIM AepeBOM MOUCKa],
NMpamMmmaanbHoO

ecnu ana ntobomn ero BepLUnHbI
YNopAA0YEHHbIM, €Cn
BbIMOJIHEHO YC/I0BUE

K/1KOY B KaXKAOM €ro y3Jjie
60]'|b|_|_|e (N\eHbLue) NN I'(/1eB.,c|,epeBa < KBepLLIMHbI < KnpaB.ﬂ,epeBa
PpaBeH KAKYar" 1“"ex

MOTOMKOB Adhvaoy’O V314,
2 3



[InpammnaasnbHaA COPTUPOBKA
template <typename T>
void fixDown (T a[],int k,int N) {
int j; while((j=2*k)<=N) {
if (J<N && a[jl<a[j+1l]) J++;
if ('compexch(a[j],a[k])) break;
k=j; } }
template <typename T>
void heapsort (T a[],int 1l,int r) {
int N=r-1+41; T* pg=a+l-1;
for (int k=N/2;k>=1;k--) fixDown (pq,k,N) ;

while (N>1) { exch(a[0],pq[N]):;
fixDown (pq,1,--N); } }



[locTpoeHne NnpammnaasibHO

yYNopAao4YeHHOro AepeBa
il 7 2 7
4 1
2 5 9 6 5
12 9 4 2 8 2 4 2
@ 7 :1 12




NcxoaHbIM MaccuB

/ 4 1 2 5 9 6 12 9 4 2 8

[TpamunaanbHO yrniopAaaoYEHHbIN

1 9 9 7 5 8 6 2 4 4 2 12
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HDUBKTl KnaCde DTﬂaﬂKal SUWCPpl

|#include <ilostream> &
finclude <cmath>

$include <iomanip>

using namespace std;

const int N = 1000;

unsigned long long start, end;

unsigned long long access counter() { asm("rdtsc"); |}

vold init(int a[],int 1,int r) [ for(int 1=1;1<=r;i++) a[i]=rand(); }
void init(double a[],int 1,int r) { double h=2.*M PI/(r-1); for(int i=l;i<=r;i++) a[il=sin(h*i); }

template <typename T> vold print(T a[], int 1, int r) {
for(int 1=1;1<=r;i++) cout << a[1]<< (1==r?"\n':" "); }

template <typename T> void exch(T& &,T& B) { T t=R; BA=B; B=t; }
template <typename T> bool compexch(Té& Z,T& B) |
if (B<a) | exch(A,B); return true; } else return false; }

template <typename T> vold insert(T a[]
for(int i=1+1;1<=r;i++)
for(int §=1;3»1;7--) if(!compexch(a[j-1],a[]])) break;

, int 1, int r) {

template <typename 7> void slct(T a[], int 1, int r) |
for(int i=1;i<r;i++) { int min=i;
for(int j=i+l;j<=r;j++) if(a[jl<a[min]) min=j;
exch(a[i],a[min]); }

EE Knmnunm’opl ‘ Pecgpcml [ﬂ]] HypHan KDMI‘IHJ‘IHLLHH' Q/ EITna.uKal @ Peaynerarel now:&al
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Mpoexr | Knaccml EITnauKal soit.cpp |

template <typename T> void bubble(T a[]
int b=1;
for(int 1=1; (1<r) && b; 1++) { b=0;
for(int j=r; i»i; j--) b = compexch(a[]-1],a[]]) || b; 1}

, int 1, int r) {

template <typename T> vold shaker(T a[], int 1, int r) |
int 7,k;
do { for(3=k=r;3>1;1--) if (compexch(a[j-1],a[j])) k=j; 1=k;
for (j=k=1+1;j<=r;j++) if(compexch(a[j-1]1,a[]])) k=j; r=k-1;}
while (1<r) ;

template <typename 7> vold shell(T a[], int 1, int r) {
int h; for(h=1; h<=(r-1)/3; h=3%h+1);
for (;h»0; h/=3) for(int 1=l+h;i<=r;i++) |
int §=1; T v=a[i];
while( i>=1+h && v<a[j-h] ) { a[j]=alj-h]; j-=h; }
aljl=v; |

template <typename T> void quicksort(T a[], int 1, int r) {
int 1=1-1,9=r; T x=a(r];
for(;;) { while{a[++i]<x); while(x<a[--]]) if(j==1) break;
if (i»=j)break; exch(a[i],a[j]); |}
exch(a[i],a[r]);
if(1<i-1) quicksort(a,l,1-1);
if(r>i+l) quicksort(a,itl,r);
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Mpoexr | Knaccml EITnauKal soit.cpp |

template <typename T> void merge(T a[], int 1, int m, int r) |
int 1,§; static T aux[N];

for(i=m+1;1»1;1--) aux[i-1]=a[i-1];

for (j=m;j<r;j++) aux[r+m-j]=a[]+1];

for(int k=l;k<=r;kt++) al[k]=aux[]]<aux[i]?aux[]--]:aux[it++]; }

template <typename T> void mergesort(T a[], int 1, int r) {
if (r<=1) return; int m=(r+l)/2;
mergesort(a,l,m); mergesort(a,mtl,r);
merge (a,1,m,x); |}

template <typename T> vold fixDown(T a[],int k,int N)
{ int j; while((j=2*k)<=N) {
if(J<N && a[]]<a[]+1]) J++;
if(!compexch(a[j],a[k])) break;
k=3; }

template <typename T> void heapsort (T a[],int 1,int r)
{ int N=r-1+1; T* pg=atl-1;

for(int k=N/2; k>=1; k--) fixDown(pg,k N};

while (N>1) { exch(a[0],pq[N]); fixDownl(pg,1,--N); }
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Mpoexr | Knaccml EITnauKal [] sott.cpp |

int main() { -
double *g=new double[N];

cout << endl;
init(a,0,N-1);
start = acceas counter();
insert(a,0,N-1);
end = access_counter();
// print(a,0,N-1);
cout << "Insert time was: " << setw(10) << setfill(" ") << end - start << " \n";

init(a,0,N-1);
start = access counter();
zlct(a,0,N-1);
end = access_counter();
// print(a,0,N-1);
cout << "Slct time was: " << setw(10) <€ setfill(" ') << end - start << " \n";

init(a,0,N-1);
start = access counter();
bubble(a,0,N-1);
end = access_counter();
// print(a,0,N-1);
cout << "Bubble time was: " << getw(10) << setfill(" ") << end - start << " \n";

=}

init(a,0,N-1);
start = access_counter();
shaker(a,0,N-1);
end = access _counter();
// print(a,0,N-1);
cout << "Shaker time was: " << getw(10) << setfill(" ") << end - start << " \n"; -
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[*] sort.cpp |

init(a,0,N-1);

start = acceas counter();

shell (a,0,N-1);

end = access_counter();
// print(a,0,N-1);

cout << "Shell time was:

init(a,0,N-1);

start = acceas counter();

quicksort (a,0,N-1);

end = access_counter();
// print(a,0,N-1);

" << zetw(10)

cout << "Quicksort time was: " << setw(10)

init(a,0,N-1);

start = access counter();

mergesort (a,0,N-1);

end = access_counter();
// print(a,0,N-1);

cout << "Mergesort time was: " << setw(10)

init(a,0,N-1);

start = access counter();

heapsort(a,0,N-1);

end = access counter();
// print(a,0,N-1);

cout << "Heapsort time was:

=]

return (;

}

" << setw(10)

<< getfill(" ") << end - start <<

<< getfill(" ") << end - start <<

<< getfill(" ") << end - start <<

<< getfill(" ") << end - start <<

n \nll;

n \'nll;

n \nll;

n \'nll;

EE Knmnunm’opl ‘ Pecgpcml [ﬂ]] HypHan KDMI‘IHJ‘IHLLHH' Q/ EITna.uKal @ PeayneTarel noucka
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DAL Lect201 3\ Exmp\ Nsort.exe

Inszsert time was: J30722174
Slct time was: L614364
Bubbhle time was: 31870244
Shaker time was: 35337722
Shell time was: 219751
Quicksort time was: 333508
Mergesort time was: LB2246
Heapsort time was: 02111




[Tonmep: CopTUPOBKa CTPOK
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Mpoexr | Knaccml EITnauKal [ My_str.cpp |

tinclude {iostrea.m)l

»

#finclude <fstream>

using namespace std;
const int N=200;

m

struct My string { char* s; int 1;
My:string[const char* pl=NULL, const char* p2=NULL) { char* b;
if{pl == NULL ) { = = NULL; 1 = -1; return; }
else if (p2 == NULL) { p2 = pl; while(*p2++); p2--; }
1=7p2 -pl; b =5 = new char[1+1];
while (pl<p2) *b++ = *pl++; *b="\0"; }
void operator=(const charv x) [ delete s; s = new char[(l=strlen(x))+1]; strcpv(s,x); }
void operator=(const My stringé x) { delete s; s = new char[(1=x.1)+1]; st_CRTIMP char*_cdecl strcpy (char', const char’) |
My string operator+(const My stringk a) {My string loc;
loc.1=1+a.l; loc.s = new char [loc.l+l]; strecpy(loc.s,s);
strcat(loc.s,a.s); return loc; }
charg operator[](int 1) { return s[1]; }

bool operator=—=(const char¥ x) |
for(int 1=0;1<=1;1++) if(s[1]!=x[1]) return false; return true; }
bool operator<(const My stringé x) |
for (int i=0;i<=1;i++) if (s[i]==x.s[i]) continue;
else return s[i]<x.s[1];
return false; }
int size() { return 1; }
int find(const My string& x) |
for(int 1=0; 1<1; i++) if(!strnemp(s+i,x.s,x.1)) return i;
return -1;
!
~My string() { delete s; 1 =-1; }

i v
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Mpoexr | Knaccml EITnauKal [ My_str.cpp |

ostreamé operator<<(pstreamé a, const My stringé x) { return a << x.s << "\n"; } "

istreamé operator>> (istream& b, My stringk a) |
int 1=0; const int n=20;char s[n];
2[n-1]="\0"; *(a.s = new char)="\0"; a.l=0;
if{b.get(=[1l])) b.putback(s[l]); else return b;

while (b.get(=[1]),=[l++]!="\n") if(1l==n-1) { 1=0; a.s=(char*)realloc(a.s,a.l+=n); strcat(a.s,=z); }
if(1»1) { s[1-1]="\0'; a.s=(char*)realloc(a.s,a.l+=1); strcat(a.s,s); }
return b;

template <typename T> void print(T a[], int 1, int ) {
for(int 1=1;i<=r;i++) cout << a[i]; }

m

template <typename T> void exch(T& &,T& B) { T t; t=&; &=B; B=t; !
template <typename T> bool compexch(T& &,T& B) |
if (B<a) { exch(A,B); return true; } else return false; }

template <typename T> void insert(T a[], int 1, int r) |
for (int i=141;1<=r;i+4)
for(int §=1;9>1;--) if(!compexch(a[j-1],a[]])) break;

template <typename T> void slet(T a[], int 1, int r) |
for(int 1=1l;1<r;1++) { int min=i;
for (int j=i+l;i<=r;j++) if(a[jl<a[min]) min=i;
exch(a[i],a[min]); }

template <typename T> vold bubble(T a[], int 1, int r) {
int b=1;
for(int 1=1; (1<r) && b; 1++) { b=0; %
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Mpoexr | Knaccml EITnauKal [ My_str.cpp |

for (int j=r; j>i; j--) b = compexch(a[j-1],a[j]) || b; } .

template «<typename T> vold shaker(T a[], int 1, int r) |
int 7,k;
do { for(3=k=r;3>1;1--) if (compexch(a[j-1],a[j])) k=j; 1=k;
for(j=k=1+1;3j<=r;j++) if(compexch(a[j-1],a[]])) k=3; r=k-1;}
while (1<r);

template <typename T» vold shell(T a[], int 1, int r) |
int h; for(h=1; h<=(r-1)/3; h=3%h+1);
for (;h»0; h/=3) for(int 1=l+h;i<=r;i++) |
int §=1i; T v=a[i];
while( J>=1+h && v<a[]-h] ) { a[j]=a[j-h]; j-=h; }
aljl=v; |

template <typename T> void quicksort(T a[], int 1, int r) {
int 1=1-1,9=r; T x=a(r];
for(;;) { while{a[++1]<x); while(x<a[--]]) if(]j==1) break;
if(i»=j)break; exch(a[i],a[j]); |}
exch(a[il,alr]);
if(1<i-1) quicksort(a,l,1-1);
if(r>i+l) quicksort(a,itl,r);

m

template <typename T> void merge(T a[], int 1, int m, int r) |
int 1,§; static T aux[N];
for(i=m+1l;1¥1;1--) aux[i1-1]=a[1-1];
for{j=m;j{r;j++} a]_u;[r+m—j]=a[j+l]; -
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for(int k=1;k<=r;k++) al[k]=aux[]]<aux[i] ?aux[]--]:aux[i++]; } -

template <typename T> void mergesort(T a[], int 1, int r) {
if (r<=1) return; int m=(r+l)/2;
mergesort(a,l,m); mergesort(a,mt+l, r);
merge (a,1,m,xr); }

template <typename T> vold fixDown(T a[],int k,int N)
{ int j; while(({]j=2*k)<=N) {

if(j<N && a[]]<a[j+1]) J++;

if (lcompexch(a[]],a[k])) break;

k=j; |

template <typename T> void heapsort(T a[],int 1,int r)
{ int N=r-1+1; T* pg=a+tl-1;

for(int k=N/2; k»>=1; k—-) £fixDown(pq,k N);

while (N>1) { exch(a[0],pq[N]); fixDown(pg,1,--N}; }

int main(int argnm, char* argv) {
My string a[N]; int r=0;

ifstream in(argv[l]);
if(!in) { cerr << "Cann't open program file"; return 1;}

m

while (in »> a[r]) r++;
heapsort(a,0,r-1);
print (a,0,r-1);

return (;

} -
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