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Sortering:

Sammenligning-baserte:
Baserer seg på sammenligning av 
elemntene i a[ ]

Instikk, boble, utplukk
Merge, Heap, Shell, Tree

Quicksort – avslutter i dag, fortsetter 
med
verdi-baserte algoritmer

Verdi-baserte :
Direkte plassering basert på verdien av 
hvert element – ingen sammenligninger 
med nabo-elementer e.l.

Bøtte
Radix
PSort
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4XLFNVRUW4XLFNVRUW ±± JHQHUHOO�LGpJHQHUHOO�LGp

1. Finn ett element i (den delen av) arrayen du skal sortere 
som er omtrent ’middels stort’ blant disse elementene –
kall det ’part’

2. Del opp arrayen i tre deler og flytt elementer slik at:
a) små- de som er mindre enn ’part’ er til venstre
b) like - de som har samme verdi som ’part’ er i midten
c) store - de som er større, til høyre

små                            like               store     

3. Gjennta pkt. 1 og 2 rekursivt for de småog storeområdene hver 
for seg inntil lengden av dem er < 2, og dermed sortert.
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4XLFNVRUW4XLFNVRUW L�SUDNVLV�,L�SUDNVLV�,

� %UXNHU�HQ�DQQHQ�LPSOHPHQWDVMRQ HQQ�GHQ�VRP�HU�YLVW�WLGOLJHUH���PHG�

I UUH�RPE\WWLQJHU�

� .DOOHU�¶LQQVWLNN6RUW¶�QnU�OHQJGHQ�DY�GHW�VRP�VNDO�VRUWHUHV�HU�PLQGUH�

HQQ�FD����

(Q�VOLN�4XLFN6RUW JnU�FD�GREEHOW�Vn�IRUW�VRP�GHQ�VRP�HU���

GHPRQVWUHUW�WLGOLJHUH��PHQ�YDQVNHOLJ�n�In�ULNWLJ��

void quickSort ( int [] a,int l,int r)
{ int i=l, j=r;

int t, part = a[(l+r)/2];     

while ( i <= j) 
{ while (a[i] < part ) i++;

while (part < a[j] ) j--;

if (i <= j)
{   t    = a[j];

a[j]= a[i]; 
a[i]= t;
i++;
j--;

}
}  

if ( l < j ) {
if ( j-l < 10) innstikkSort (a,l,j); 

else quicksort (a,l,j);}
if ( i < r ) {

if ( r-i < 10) innstikkSort (a,i,r);
else quicksort (a,i,r); }  

}

} // end quickSort
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4XLFNVRUW4XLFNVRUW��WLGVIRUEUXN���WLGVIRUEUXN�

9L�VHU�DW�HWW JMHQQRPO¡S�DY�quickSort WDU�2��U�O���WLG��RJ��I¡UVWH�
JMHQQRPO¡S�2�Q� WLG�IRUGL�U�O� �Q�I¡UVWH�JDQJ

9HUVWH�WLOIHOOHW

9L�YHOJHU�¶SDUW¶�VOLN�DW�GHW�I�HNV��HU�GHW�VW¡UVWH�HOHPHQWHW�KYHU�JDQJ��

'D�InU�YL�WRWDOW�Q�NDOO�Sn�quickSort , VRP�KYHU�WDU�2�Q����WLG�L�JM�VQLWW ±
GYV 2�Q

�

��WRWDOW

%HVWH�WLOIHOOHW

9L�YHOJHU�¶SDUW¶�VOLN�DW�GHQ�GHOHU�DUUD\HQ L�WR�OLNH�VWRUH�GHOHU�KYHU�

JDQJ��7UHHW�DY�UHNXUVMRQV�NDOO InU�G\EGH�ORJ�Q��3n�KYHUW�DY�GLVVH�

QLYnHQH�JMHQQRPO¡SHU�YL�DOOH�HOHPHQWHQH��K¡\VW��HQ�JDQJ�± GYV�

2�Q����2�Q���������2�Q������ �2��Q�ORJ�Q�

��ORJ�Q�OHGG�L�DGGLVMRQHQ�

*MHQQRPVQLWW

,�SUDNVLV�YLO�YHUVWH�WLOIHOOHW�LNNH�RSSWUH�± PHQ�YHOJHU�RIWH�¶SDUW¶�VRP�

PHGLDQHQ�DY�D>O@��D>�O�U�����RJ�D>U@�RJ�YL�InU�2��Q�ORJ�Q�
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/RZHU/RZHU ERXQGERXQG RQRQ VRUWLQJ�VRUWLQJ�EDVHGEDVHG RQRQ FRPSDULVRQVFRPSDULVRQV

:H ZLOO QRZ GLVFXVV WKH /RZHU ERXQG RQ D�SUREOHP�

http://home.wlu.edu/~vermeerp/Classes/211w99/Lectures/Ch8_9/sld003.htm
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*HQHUHOO�LGp�
�� %UXN�RSSGHOLQJVPHWRGHQ�IUD�4XLFN6RUW RJ�GHO�¶D¶�RSS�L�¶OLWHQ¶�

¶OLNH¶�RJ�¶VWRU¶�GHO
�� /HW�YLGHUH��UHNXUVLYW��L�ULNWLJ�GHO�

LI ��N�� ��OHQJGHQ�DY�¶OLWHQ���������OHW�L�¶OLWHQ¶���HOVH
LI ��N�� ��OHQJGHQ�DY�OLWH���OLNH���IXQQHW�L�¶OLNH¶��HOVH
OHW�YLGHUH�L�¶VWRU¶

)LQQH�GHW�N¶�VW¡UVWH�HOHPHQWHW)LQQH�GHW�N¶�VW¡UVWH�HOHPHQWHW

liten                 like                        stor

Eksekveringstid   - se QuickSort (men hvordan ?)
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int kvikkValg ( int [] a,int l,int r, int k)
// deler a[l,r] i ’liten’ , ’lik’ og ’stor’
// velger ut det k-største elementet i a  (k = 1,..., a.length)
{ int s = l-1, like = 0, ind;
int t, part = a[(l+r)/2]; 
if (l == r) return a[r];
else {
for ( int b = l; b <= r; b++)
if ( a[b] == part )
{  like++;

t = a[s+like];
a[s+like] = a[b];
a[b] = t;

} else 
if (a[b] < part) 
{  s++;                

ind = s+like;
t = a[b];
a[b] = a[ind];
a[ind]= a[s];
a[s] = t;

} if      ( k -1<= s ) return  kvikkValg (a,l,s,k);
else if ( k -1<= s + like) return part;
else  return  kvikkValg (a,s+1+like,r,k );   

}   
} 

(forts.)
if      ( k -1<= s ) return  kvikkValg (a,l,s,k);

else if ( k -1<= s + like) return part;
else  return  kvikkValg (a,s+1+like,r,k );   

}   
} 
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(NVHNYHULQJVWLG�(NVHNYHULQJVWLG��� NYLNN9DOJNYLNN9DOJ

n

n/2

n/4

n/8

dvs:   n + n/2 + n/4 + n/8 + .......
= n + n ( ½ + ¼ +1/8..........) = 2 n = O(n)
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9HUGL9HUGL��EDVHUWHEDVHUWH VRUWHULQJVPHWRGHUVRUWHULQJVPHWRGHU

� 'LUHNWH�SODVVHULQJ�EDVHUW�Sn�YHUGLHQ�DY�KYHUW�HOHPHQW�± LQJHQ�

VDPPHQOLJQLQJHU�PHG�QDER�HOHPHQWHU H�O�

� 7HOOH�VRUWHULQJ��HQ�PHWRGH�VRP�LNNH�HU�EUXNEDU�L�SUDNVLV���KYRUIRU�"�

� (U�NODUW�DY�2�Q����PHQ�¶VYLQGHO¶�

YRLG WHOOH6RUW�LQW >@�D��^

LQW PD[  ����L�P��LQG  ���

IRU �L� �����L���Q��L������LI �D>L@�!�PD[��PD[  �D>L@�

LQW >@�WHOOH� �QHZ LQW>PD[��@�

IRU���L� ����L���Q��L�����WHOOH>D>L@@����

IRU���L� ����L�� �PD[��L����^

P� �WHOOH>L@�

ZKLOH ��P�!�����^

D>LQG��@� �L�

P���

`��������`
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%¡WWH%¡WWH��VRUWHULQJVRUWHULQJ RJ�VRUWHULQJ�DY�REMHNWHURJ�VRUWHULQJ�DY�REMHNWHU

� ,QQGDWD��8VRUWHUW�OLVWH�V��PHG�Q REMHNWHU KYHU�PHG�HQ��LQW��Q¡NNHO�¶YDOXH¶

� 6RUWHULQJ�YLD�GLUHNWH�LQQSODVVHULQJ�L�Q�VWN��6WDNNHU�� �/,)2�±N¡�

� 8WGDWD��6RUWHUW�OLVWH�V

� 6WDELO�VRUWHULQJ

� .M¡UHWLG�2�PD[ ��Q��� PD[ HU�VW¡UVWH�YHUGL�L�Q¡NNHOHQ�� �2�Q� QnU�PD[ HU�

¶RPODJ�OLN¶�Q��LNNH�VSUHGG��W\QQ�IRUGHOLQJ�����PHQ�JMHUQH�PDQJH�OLNH�

HOHPHQWHU�

� 8OHPSHU�

� %UXNHU�HNVWUD�SODVV����Q�SHNHUH��OLVWH���QHVWH�SHNHUH L�REMHNWHQH����

RYHUKHDG�DY�REMHNWHU��WLOVDPPHQ  �FD�����Q

� $QWDU�XQLIRUP�HOOHU�WHWW�IRUGHOLQJ�

� %UXNHV�EO�D DY�)$67�V¡NHPRWRU
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class BNode
{ BNode neste; int verdi; 

BNode (BNode n, int v)
{ neste =n; verdi =v; }
}

..
for(int i = 0; i<n; i++)

s = new BNode( s, a[i]);

s = bucketSort( s );
...

BNode bucketSort ( BNode s )
{int max =0;
BNode t =s;

while (t!= null) {
if (t.value >max ) max = t.value;
t = t.next;

}
BNode [] list = new BNode [max+1];
BNode t;

for (int i = 0; i < max; i++) {
t = s;
s = s.neste;
t.neste = list[t.verdi]; 
list[t.verdi] = t;

}

// lag liste FIFO from LIFO +LIFO
for (int i = max; i >= 0; i--)
while (list[i] != null ) {

t = list[i];
list[i] = t.neste;
t.neste = s;
s = t;

}
return s;

}

list

.........

s
...............
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5DGL[5DGL[��VRUWHULQJVRUWHULQJ

� 6RUWHUHU�HQ�DUUD\ D�>@�Sn�KYHUW�VLIIHU
� (W�VLIIHU�HW�¶EDUH¶�HWW�YLVVW�DQWDOO�ELW
� $OJRULWPH�

� )LQQHU�I¡UVW�PD[ YHUGL�L�D�>�@
� .RSLHUHU�GDWD�YHG�KYHU�VOLN�JMHQQRPJDQJ�IUD�HQ�DUUD\ �L�
XWJDQJVSXQNWHW�D�>@��WLO�HQ�DQQHQ��E>@�DY�VDPPH�OHQJGH

� 1HVWH�JDQJ��IRU�QHVWH�VLIIHU��NRSLHUHV�WLOEDNH�IUD�E>@�WLO�D>@
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// Radix – konstanter og kode n < 1024 elementer
int [] b;
static intnumBit = 10, rMax = 1024-1, max =0;

void radixSort(int [] a )
{ //  finn max i a[]

for (int i = 0 ; i < a.length; i++)
if (a[i] > max) max = a[i];

if ( max < rMax)
{ // for første gang, hvis små/få verdier

// Trenger nå bare ett siffer som også er mindre
while ( (1<<numBit)  >  max )  numBit --;

numBit ++; // went one too far
rMax = (1<< numBit) -1;

}

b = radixSort( a,b, 0, max);

// kopier tilbake til a hvis svaret nå er i b []
if ( a != b)

for (int i = 0; i < n; i++)   
a[i] = b[i];

}  
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int [] radixSort ( int [] fra, int [] til , int bit, int max )
{  int [] ant = new int[rMax+1];

int acumVal = 0, j;

// tell opp i ant hvor mange av hver verdi
for (int i = 0; i < n; i++) 

ant[((fra[i]>> bit) & rMax)]++;

// Adder opp i ’ant’ – akkumulerte verdier
for (int i = 0; i <= rMax; i++)  { 

j = ant[i];
ant[i] = acumVal;
acumVal += j;

}
// flytt tallene i sortert (på dette feltet) til til.
for (int i = 0; i < n; i++)

til [ ant [ ((fra[i]>>bit) & rMax) ]++ ] = fra[i];

// Hvis mer igjen å sortere – sorter på neste ’bit’ biter
if ( (1 << (bit + numBit)) < max )

return radixSort ( til, fra, bit + numBit, max); 
else return til;

}

Ett element i   fra[]:

bit
31                                 bit          0

numBit

rMax:

0000000000111111100000
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7LGVIRUEUXNHW�WLO�7LGVIRUEUXNHW�WLO�5DGL[5DGL[

�� )¡UVW�JnU�YL�JMHQQRP�D>@�IRU�n�ILQQH�PD[  �2�Q�

�� /HJJ�PHUNH�WLO�DW�DQW>@�KDU�OHQJGH��ORJ�U0D[  ����± HQ�NRQVWDQW

�� )¡OJHQGH�RSHUDVMRQHU�JM¡UHV�ORJ�PD[�ORJ�U0D[ JDQJHU�
�� 7HOO�RSS�L�DQW>@�KYRU�PDQJH�GHW�HU�DY�KYHU�VLIIHU�YHUGL  �2�Q�

�� -XVWHU�SHNHUH�L�DQW>@� �2�ORJ U0D[ �

�� )O\WWH�DOOH�Q�GDWD��IUD��IUD>@��WLO��WLO>@�� �2�Q�

�� 'YV 7RWDOW�2�Q ORJ�PD[���RJ�VLGHQ�PD[ RIWH�HU�HQ�IXQNVMRQ�DY�Q��EOLU�

GHWWH�RIWH�2�Q ORJQ��± PHQ�NRHIILVLHQWHQ�HU�PHJHW�OLWHQ

$OPLUD�.DUDEHJ��:���/� 3DJH���

'HSDUWPHQW�RI�,QIRUPDWLFV��8QLYHUVLW\�RI�2VOR��1RUZD\

,1)��� ± $OJRULWKPV�	�'DWD�6WUXFWXUHV

1RHQ�WLGHU1RHQ�WLGHU

n 10000000 1000000 100000 10000 1000 100 10
Tree - sort 40765 2875 187,5 12,97 0,954 0,0657 0,0046
Bøtte - sort   11781 1922 132,8 4,68 0,235 0,0203 0,0026
Radix - sort 5093 438 36 2,98 0,203 0,025 0,0036
PSort 8046 719 53,1 3,12 0,156 0,0188 0,0031
Quick - sort 12938 1109 87,4 6,88 0,501 0,0375 0,002

Absolutte sorteringstider

0
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10000

15000

20000

25000

30000

35000

40000

45000

0 2 000 000 4 000 000 6 000 000 8 000 000 10 000 000
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PSort
Quick - sort
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5HODWLYW�WLO�5HODWLYW�WLO�4XLFNVRUW4XLFNVRUW ��ORJDULWPLVN�[ORJDULWPLVN�[��DNVHDNVH��

Relative eksekveringstider (Quick-sort =1)

0,00

0,50

1,00

1,50

2,00

2,50

3,00

3,50

1 10 100 1 000 10 000 100 000 1 000 000 10 000 000

n

Tree - sort 

Bøtte - sort   

Radix - sort 

PSort

Quick - sort
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1(67(�*$1*�1(67(�*$1*�±± 2SSVXPPHULQJ2SSVXPPHULQJ

$/0,5$�.$5$%(*�IRUHOHVHU�
9L�IRUWVHWWHU�PHG�VRUWHULQJ��
9L�RSSVXPPHUHU�NDS����RJ�RSSVXPPHUHU�
GHVLJQ�WHNQLNNHU
+YLV�WLG��Vn�VS¡UVPnO�RJ�VY U�SHULRGHQ�


