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1 Sortieralgorithmen

SelectionSort

InsertionSort

BubbleSort

MergeSort

QuickSort
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Sortieralgorithmen

An folgender Beispielinstanz werden einige Sortierverfahren

veranschaulicht:
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Selection Sort Improved 

 
 
 

• How often do we swap 
values? 
– Once for every position 
– Thus: O(n) 

S: array_of_names; 
n := |S| 
for i = 1..n-1 do 
  min_pos := i; 
  for j = i+1..n do 
    if S[min_pos]>S[j] then 
      min_pos := j; 
    end if; 
  end for; 
  tmp := S[i]; 
  S[i] := S[min_pos]; 
  S[min_pos] := tmp; 
end for; 
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↑. . . minpos
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Complexity (Worst Case) 

 

• Comparisons (worst-case) 
– Outer loop: n times 
– Inner-loop: n-i times 
– Thus, O(n2) 

• How many swaps? 
– (We move and don’t swap, but 

both are in O(1)) 
– In worst-case, every comparison 

incurs a swap 
– Thus: O(n2) 

• We got worse? 
 

S: array_of_names; 
n := |S| 
for i = 2..n do 
  j := i; 
  key := S[j]; 
  while (S[j-1]>key) and (j>1) do 
    S[j] := S[j-1]; 
    j := j-1; 
  end while; 
  S[j] := key; 
end for; 
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– Outer loop: n times 
– Inner-loop: n-i times 
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Bubble Sort 

• Go through array again and again 
• Compare all direct neighbors 
• Swap if in wrong order 
• Repeat until a loop finishes 

without a single swaps 
• Analysis: About as good/bad as 

the others (so far) 
– Worst case O(n2) comparisons and 

O(n2) swaps 
– Best case O(n) comparisons and 0 

moves / swaps 
Source: HKI, Köln 
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– Worst case O(n2) comparisons and 

O(n2) swaps 
– Best case O(n) comparisons and 0 

moves / swaps 
Source: HKI, Köln 
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Algorithm 

Source: WikiPedia 

function void mergesort(S array; 
                        l,r integer) { 
  if (l<r) then  
 
    #Sort each ~50% of array 
    m := (r-l) div 2; 
    mergesort( S, l, l+m); 
    mergesort( S, l+m+1, r); 
 
    #merges two sorted lists 
    merge( S, l, l+m ,r);  
  else 
    # Nothing to do, 1-element list 
  end if; 
} 
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  B: array[1..r-l+1]; 
  i := l; # Start of 1st list 
  j := m+1; # Start of 2nd list 
  k := 1; # Target list 
  while (i<=m) and (j<=r) do 
    if S[i]<=S[j] then 
      B[k] := S[i]; # From 1st list 
      i := i+1; 
    else 
      B[k] := S[j]; # From 2nd list 
      j := j+1; 
    end if; 
    k := k+1;       # Next target  
  end while; 
  if i>m then     # What remained? 
    copy S[j..r] to B[k..k+r-j]; 
  else 
    copy S[i..m] to B[k..k+m-i]; 
  end if; 
  # Back to original list 
  copy B[1..r-l+1] to S[l..r]; 
} 

Source: WikiPedia 
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Algorithm 

Source: WikiPedia 

function void mergesort(S array; 
                        l,r integer) { 
  if (l<r) then  
 
    #Sort each ~50% of array 
    m := (r-l) div 2; 
    mergesort( S, l, l+m); 
    mergesort( S, l+m+1, r); 
 
    #merges two sorted lists 
    merge( S, l, l+m ,r);  
  else 
    # Nothing to do, 1-element list 
  end if; 
} 
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Merge 

function void merge(S array; 
                    l,m,r integer) { 
  B: array[1..r-l+1]; 
  i := l; # Start of 1st list 
  j := m+1; # Start of 2nd list 
  k := 1; # Target list 
  while (i<=m) and (j<=r) do 
    if S[i]<=S[j] then 
      B[k] := S[i]; # From 1st list 
      i := i+1; 
    else 
      B[k] := S[j]; # From 2nd list 
      j := j+1; 
    end if; 
    k := k+1;       # Next target  
  end while; 
  if i>m then     # What remained? 
    copy S[j..r] to B[k..k+r-j]; 
  else 
    copy S[i..m] to B[k..k+m-i]; 
  end if; 
  # Back to original list 
  copy B[1..r-l+1] to S[l..r]; 
} 
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Algorithm 

Source: WikiPedia 

function void mergesort(S array; 
                        l,r integer) { 
  if (l<r) then  
 
    #Sort each ~50% of array 
    m := (r-l) div 2; 
    mergesort( S, l, l+m); 
    mergesort( S, l+m+1, r); 
 
    #merges two sorted lists 
    merge( S, l, l+m ,r);  
  else 
    # Nothing to do, 1-element list 
  end if; 
} 

Ulf Leser: Alg&DS, Summer Semester 2015       10  

Merge 

function void merge(S array; 
                    l,m,r integer) { 
  B: array[1..r-l+1]; 
  i := l; # Start of 1st list 
  j := m+1; # Start of 2nd list 
  k := 1; # Target list 
  while (i<=m) and (j<=r) do 
    if S[i]<=S[j] then 
      B[k] := S[i]; # From 1st list 
      i := i+1; 
    else 
      B[k] := S[j]; # From 2nd list 
      j := j+1; 
    end if; 
    k := k+1;       # Next target  
  end while; 
  if i>m then     # What remained? 
    copy S[j..r] to B[k..k+r-j]; 
  else 
    copy S[i..m] to B[k..k+m-i]; 
  end if; 
  # Back to original list 
  copy B[1..r-l+1] to S[l..r]; 
} 

Source: WikiPedia 
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Algorithm 

Source: WikiPedia 

function void mergesort(S array; 
                        l,r integer) { 
  if (l<r) then  
 
    #Sort each ~50% of array 
    m := (r-l) div 2; 
    mergesort( S, l, l+m); 
    mergesort( S, l+m+1, r); 
 
    #merges two sorted lists 
    merge( S, l, l+m ,r);  
  else 
    # Nothing to do, 1-element list 
  end if; 
} 
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Merge 

function void merge(S array; 
                    l,m,r integer) { 
  B: array[1..r-l+1]; 
  i := l; # Start of 1st list 
  j := m+1; # Start of 2nd list 
  k := 1; # Target list 
  while (i<=m) and (j<=r) do 
    if S[i]<=S[j] then 
      B[k] := S[i]; # From 1st list 
      i := i+1; 
    else 
      B[k] := S[j]; # From 2nd list 
      j := j+1; 
    end if; 
    k := k+1;       # Next target  
  end while; 
  if i>m then     # What remained? 
    copy S[j..r] to B[k..k+r-j]; 
  else 
    copy S[i..m] to B[k..k+m-i]; 
  end if; 
  # Back to original list 
  copy B[1..r-l+1] to S[l..r]; 
} 
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Algorithm 

Source: WikiPedia 

function void mergesort(S array; 
                        l,r integer) { 
  if (l<r) then  
 
    #Sort each ~50% of array 
    m := (r-l) div 2; 
    mergesort( S, l, l+m); 
    mergesort( S, l+m+1, r); 
 
    #merges two sorted lists 
    merge( S, l, l+m ,r);  
  else 
    # Nothing to do, 1-element list 
  end if; 
} 
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Merge 

function void merge(S array; 
                    l,m,r integer) { 
  B: array[1..r-l+1]; 
  i := l; # Start of 1st list 
  j := m+1; # Start of 2nd list 
  k := 1; # Target list 
  while (i<=m) and (j<=r) do 
    if S[i]<=S[j] then 
      B[k] := S[i]; # From 1st list 
      i := i+1; 
    else 
      B[k] := S[j]; # From 2nd list 
      j := j+1; 
    end if; 
    k := k+1;       # Next target  
  end while; 
  if i>m then     # What remained? 
    copy S[j..r] to B[k..k+r-j]; 
  else 
    copy S[i..m] to B[k..k+m-i]; 
  end if; 
  # Back to original list 
  copy B[1..r-l+1] to S[l..r]; 
} 

Source: WikiPedia 
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Algorithm 

Source: WikiPedia 

function void mergesort(S array; 
                        l,r integer) { 
  if (l<r) then  
 
    #Sort each ~50% of array 
    m := (r-l) div 2; 
    mergesort( S, l, l+m); 
    mergesort( S, l+m+1, r); 
 
    #merges two sorted lists 
    merge( S, l, l+m ,r);  
  else 
    # Nothing to do, 1-element list 
  end if; 
} 
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Merge 

function void merge(S array; 
                    l,m,r integer) { 
  B: array[1..r-l+1]; 
  i := l; # Start of 1st list 
  j := m+1; # Start of 2nd list 
  k := 1; # Target list 
  while (i<=m) and (j<=r) do 
    if S[i]<=S[j] then 
      B[k] := S[i]; # From 1st list 
      i := i+1; 
    else 
      B[k] := S[j]; # From 2nd list 
      j := j+1; 
    end if; 
    k := k+1;       # Next target  
  end while; 
  if i>m then     # What remained? 
    copy S[j..r] to B[k..k+r-j]; 
  else 
    copy S[i..m] to B[k..k+m-i]; 
  end if; 
  # Back to original list 
  copy B[1..r-l+1] to S[l..r]; 
} 

Source: WikiPedia 
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Algorithm 

Source: WikiPedia 

function void mergesort(S array; 
                        l,r integer) { 
  if (l<r) then  
 
    #Sort each ~50% of array 
    m := (r-l) div 2; 
    mergesort( S, l, l+m); 
    mergesort( S, l+m+1, r); 
 
    #merges two sorted lists 
    merge( S, l, l+m ,r);  
  else 
    # Nothing to do, 1-element list 
  end if; 
} 
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Merge 

function void merge(S array; 
                    l,m,r integer) { 
  B: array[1..r-l+1]; 
  i := l; # Start of 1st list 
  j := m+1; # Start of 2nd list 
  k := 1; # Target list 
  while (i<=m) and (j<=r) do 
    if S[i]<=S[j] then 
      B[k] := S[i]; # From 1st list 
      i := i+1; 
    else 
      B[k] := S[j]; # From 2nd list 
      j := j+1; 
    end if; 
    k := k+1;       # Next target  
  end while; 
  if i>m then     # What remained? 
    copy S[j..r] to B[k..k+r-j]; 
  else 
    copy S[i..m] to B[k..k+m-i]; 
  end if; 
  # Back to original list 
  copy B[1..r-l+1] to S[l..r]; 
} 
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Algorithm 

Source: WikiPedia 

function void mergesort(S array; 
                        l,r integer) { 
  if (l<r) then  
 
    #Sort each ~50% of array 
    m := (r-l) div 2; 
    mergesort( S, l, l+m); 
    mergesort( S, l+m+1, r); 
 
    #merges two sorted lists 
    merge( S, l, l+m ,r);  
  else 
    # Nothing to do, 1-element list 
  end if; 
} 
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Merge 

function void merge(S array; 
                    l,m,r integer) { 
  B: array[1..r-l+1]; 
  i := l; # Start of 1st list 
  j := m+1; # Start of 2nd list 
  k := 1; # Target list 
  while (i<=m) and (j<=r) do 
    if S[i]<=S[j] then 
      B[k] := S[i]; # From 1st list 
      i := i+1; 
    else 
      B[k] := S[j]; # From 2nd list 
      j := j+1; 
    end if; 
    k := k+1;       # Next target  
  end while; 
  if i>m then     # What remained? 
    copy S[j..r] to B[k..k+r-j]; 
  else 
    copy S[i..m] to B[k..k+m-i]; 
  end if; 
  # Back to original list 
  copy B[1..r-l+1] to S[l..r]; 
} 

Source: WikiPedia 
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Algorithm 

Source: WikiPedia 

function void mergesort(S array; 
                        l,r integer) { 
  if (l<r) then  
 
    #Sort each ~50% of array 
    m := (r-l) div 2; 
    mergesort( S, l, l+m); 
    mergesort( S, l+m+1, r); 
 
    #merges two sorted lists 
    merge( S, l, l+m ,r);  
  else 
    # Nothing to do, 1-element list 
  end if; 
} 
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Merge 

function void merge(S array; 
                    l,m,r integer) { 
  B: array[1..r-l+1]; 
  i := l; # Start of 1st list 
  j := m+1; # Start of 2nd list 
  k := 1; # Target list 
  while (i<=m) and (j<=r) do 
    if S[i]<=S[j] then 
      B[k] := S[i]; # From 1st list 
      i := i+1; 
    else 
      B[k] := S[j]; # From 2nd list 
      j := j+1; 
    end if; 
    k := k+1;       # Next target  
  end while; 
  if i>m then     # What remained? 
    copy S[j..r] to B[k..k+r-j]; 
  else 
    copy S[i..m] to B[k..k+m-i]; 
  end if; 
  # Back to original list 
  copy B[1..r-l+1] to S[l..r]; 
} 
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Algorithm 

Source: WikiPedia 

function void mergesort(S array; 
                        l,r integer) { 
  if (l<r) then  
 
    #Sort each ~50% of array 
    m := (r-l) div 2; 
    mergesort( S, l, l+m); 
    mergesort( S, l+m+1, r); 
 
    #merges two sorted lists 
    merge( S, l, l+m ,r);  
  else 
    # Nothing to do, 1-element list 
  end if; 
} 
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Merge 

function void merge(S array; 
                    l,m,r integer) { 
  B: array[1..r-l+1]; 
  i := l; # Start of 1st list 
  j := m+1; # Start of 2nd list 
  k := 1; # Target list 
  while (i<=m) and (j<=r) do 
    if S[i]<=S[j] then 
      B[k] := S[i]; # From 1st list 
      i := i+1; 
    else 
      B[k] := S[j]; # From 2nd list 
      j := j+1; 
    end if; 
    k := k+1;       # Next target  
  end while; 
  if i>m then     # What remained? 
    copy S[j..r] to B[k..k+r-j]; 
  else 
    copy S[i..m] to B[k..k+m-i]; 
  end if; 
  # Back to original list 
  copy B[1..r-l+1] to S[l..r]; 
} 
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Algorithm 

Source: WikiPedia 

function void mergesort(S array; 
                        l,r integer) { 
  if (l<r) then  
 
    #Sort each ~50% of array 
    m := (r-l) div 2; 
    mergesort( S, l, l+m); 
    mergesort( S, l+m+1, r); 
 
    #merges two sorted lists 
    merge( S, l, l+m ,r);  
  else 
    # Nothing to do, 1-element list 
  end if; 
} 
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Merge 

function void merge(S array; 
                    l,m,r integer) { 
  B: array[1..r-l+1]; 
  i := l; # Start of 1st list 
  j := m+1; # Start of 2nd list 
  k := 1; # Target list 
  while (i<=m) and (j<=r) do 
    if S[i]<=S[j] then 
      B[k] := S[i]; # From 1st list 
      i := i+1; 
    else 
      B[k] := S[j]; # From 2nd list 
      j := j+1; 
    end if; 
    k := k+1;       # Next target  
  end while; 
  if i>m then     # What remained? 
    copy S[j..r] to B[k..k+r-j]; 
  else 
    copy S[i..m] to B[k..k+m-i]; 
  end if; 
  # Back to original list 
  copy B[1..r-l+1] to S[l..r]; 
} 

Source: WikiPedia 
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Algorithm 

Source: WikiPedia 

function void mergesort(S array; 
                        l,r integer) { 
  if (l<r) then  
 
    #Sort each ~50% of array 
    m := (r-l) div 2; 
    mergesort( S, l, l+m); 
    mergesort( S, l+m+1, r); 
 
    #merges two sorted lists 
    merge( S, l, l+m ,r);  
  else 
    # Nothing to do, 1-element list 
  end if; 
} 
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Merge 

function void merge(S array; 
                    l,m,r integer) { 
  B: array[1..r-l+1]; 
  i := l; # Start of 1st list 
  j := m+1; # Start of 2nd list 
  k := 1; # Target list 
  while (i<=m) and (j<=r) do 
    if S[i]<=S[j] then 
      B[k] := S[i]; # From 1st list 
      i := i+1; 
    else 
      B[k] := S[j]; # From 2nd list 
      j := j+1; 
    end if; 
    k := k+1;       # Next target  
  end while; 
  if i>m then     # What remained? 
    copy S[j..r] to B[k..k+r-j]; 
  else 
    copy S[i..m] to B[k..k+m-i]; 
  end if; 
  # Back to original list 
  copy B[1..r-l+1] to S[l..r]; 
} 

Source: WikiPedia 
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Algorithm 

Source: WikiPedia 

function void mergesort(S array; 
                        l,r integer) { 
  if (l<r) then  
 
    #Sort each ~50% of array 
    m := (r-l) div 2; 
    mergesort( S, l, l+m); 
    mergesort( S, l+m+1, r); 
 
    #merges two sorted lists 
    merge( S, l, l+m ,r);  
  else 
    # Nothing to do, 1-element list 
  end if; 
} 
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Merge 

function void merge(S array; 
                    l,m,r integer) { 
  B: array[1..r-l+1]; 
  i := l; # Start of 1st list 
  j := m+1; # Start of 2nd list 
  k := 1; # Target list 
  while (i<=m) and (j<=r) do 
    if S[i]<=S[j] then 
      B[k] := S[i]; # From 1st list 
      i := i+1; 
    else 
      B[k] := S[j]; # From 2nd list 
      j := j+1; 
    end if; 
    k := k+1;       # Next target  
  end while; 
  if i>m then     # What remained? 
    copy S[j..r] to B[k..k+r-j]; 
  else 
    copy S[i..m] to B[k..k+m-i]; 
  end if; 
  # Back to original list 
  copy B[1..r-l+1] to S[l..r]; 
} 

Source: WikiPedia 
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Algorithm 

Source: WikiPedia 

function void mergesort(S array; 
                        l,r integer) { 
  if (l<r) then  
 
    #Sort each ~50% of array 
    m := (r-l) div 2; 
    mergesort( S, l, l+m); 
    mergesort( S, l+m+1, r); 
 
    #merges two sorted lists 
    merge( S, l, l+m ,r);  
  else 
    # Nothing to do, 1-element list 
  end if; 
} 
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Merge 

function void merge(S array; 
                    l,m,r integer) { 
  B: array[1..r-l+1]; 
  i := l; # Start of 1st list 
  j := m+1; # Start of 2nd list 
  k := 1; # Target list 
  while (i<=m) and (j<=r) do 
    if S[i]<=S[j] then 
      B[k] := S[i]; # From 1st list 
      i := i+1; 
    else 
      B[k] := S[j]; # From 2nd list 
      j := j+1; 
    end if; 
    k := k+1;       # Next target  
  end while; 
  if i>m then     # What remained? 
    copy S[j..r] to B[k..k+r-j]; 
  else 
    copy S[i..m] to B[k..k+m-i]; 
  end if; 
  # Back to original list 
  copy B[1..r-l+1] to S[l..r]; 
} 
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Algorithm 

Source: WikiPedia 

function void mergesort(S array; 
                        l,r integer) { 
  if (l<r) then  
 
    #Sort each ~50% of array 
    m := (r-l) div 2; 
    mergesort( S, l, l+m); 
    mergesort( S, l+m+1, r); 
 
    #merges two sorted lists 
    merge( S, l, l+m ,r);  
  else 
    # Nothing to do, 1-element list 
  end if; 
} 
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Merge 

function void merge(S array; 
                    l,m,r integer) { 
  B: array[1..r-l+1]; 
  i := l; # Start of 1st list 
  j := m+1; # Start of 2nd list 
  k := 1; # Target list 
  while (i<=m) and (j<=r) do 
    if S[i]<=S[j] then 
      B[k] := S[i]; # From 1st list 
      i := i+1; 
    else 
      B[k] := S[j]; # From 2nd list 
      j := j+1; 
    end if; 
    k := k+1;       # Next target  
  end while; 
  if i>m then     # What remained? 
    copy S[j..r] to B[k..k+r-j]; 
  else 
    copy S[i..m] to B[k..k+m-i]; 
  end if; 
  # Back to original list 
  copy B[1..r-l+1] to S[l..r]; 
} 
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Algorithm 

Source: WikiPedia 

function void mergesort(S array; 
                        l,r integer) { 
  if (l<r) then  
 
    #Sort each ~50% of array 
    m := (r-l) div 2; 
    mergesort( S, l, l+m); 
    mergesort( S, l+m+1, r); 
 
    #merges two sorted lists 
    merge( S, l, l+m ,r);  
  else 
    # Nothing to do, 1-element list 
  end if; 
} 
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Merge 

function void merge(S array; 
                    l,m,r integer) { 
  B: array[1..r-l+1]; 
  i := l; # Start of 1st list 
  j := m+1; # Start of 2nd list 
  k := 1; # Target list 
  while (i<=m) and (j<=r) do 
    if S[i]<=S[j] then 
      B[k] := S[i]; # From 1st list 
      i := i+1; 
    else 
      B[k] := S[j]; # From 2nd list 
      j := j+1; 
    end if; 
    k := k+1;       # Next target  
  end while; 
  if i>m then     # What remained? 
    copy S[j..r] to B[k..k+r-j]; 
  else 
    copy S[i..m] to B[k..k+m-i]; 
  end if; 
  # Back to original list 
  copy B[1..r-l+1] to S[l..r]; 
} 
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Algorithm 

Source: WikiPedia 

function void mergesort(S array; 
                        l,r integer) { 
  if (l<r) then  
 
    #Sort each ~50% of array 
    m := (r-l) div 2; 
    mergesort( S, l, l+m); 
    mergesort( S, l+m+1, r); 
 
    #merges two sorted lists 
    merge( S, l, l+m ,r);  
  else 
    # Nothing to do, 1-element list 
  end if; 
} 
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Merge 

function void merge(S array; 
                    l,m,r integer) { 
  B: array[1..r-l+1]; 
  i := l; # Start of 1st list 
  j := m+1; # Start of 2nd list 
  k := 1; # Target list 
  while (i<=m) and (j<=r) do 
    if S[i]<=S[j] then 
      B[k] := S[i]; # From 1st list 
      i := i+1; 
    else 
      B[k] := S[j]; # From 2nd list 
      j := j+1; 
    end if; 
    k := k+1;       # Next target  
  end while; 
  if i>m then     # What remained? 
    copy S[j..r] to B[k..k+r-j]; 
  else 
    copy S[i..m] to B[k..k+m-i]; 
  end if; 
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Quick Sort Framework 

• Start with qsort(S, 1, |S|) 
• “Sort” S around the pivot 

element (divide) 
– Problem 1: Choose k 
– Problem 2: Do this in-place 

• Recursively sort values smaller-
or equal than pivot element 

• Recursively sort values larger-
or-equal than pivot element 

• Problem 3: How often do we 
need to do this? 

1. func void qsort(S array; 
2.                 l,r integer) { 
3.   if r≤l then 
4.     return;    
5.   end if; 
6.   pos := divide( S, l, r); 
7.   qsort( S, l, pos-1); 
8.   qsort( S, pos+1, r); 
9. } 
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Problem P2: Do this in-place 

• We use k=r 
• Simple idea 

– Search from l towards r until 
first value greater-or-equal S[r] 

– Search from r towards l until 
first value smaller-or-equal S[r] 

– Swap these two values 
– Repeat if i has not reached j yet 
– Result: Values left from i are 

smaller than S[r] and values 
right from j are larger than S[r]  

– Move S[r] into the middle 

1. func int divide(S array; 
2.                 l,r integer) { 
3.   val := S[r]; 
4.   i := l; 
5.   j := r-1; 
6.   repeat 
7.     while (S[i]<=val and i<r) 
8.       i := i+1; 
9.     end while; 
10.    while (S[j]>=val and j>l) 
11.      j := j-1; 
12.    end while; 
13.    if i<j then 
14.      swap( S[i], S[j]); 
15.    end if; 
16.  until i>=j; 
17.  swap( S[i], S[r]); 
18.  return i; 
19.} 
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1. func int divide(S array; 
2.                 l,r integer) { 
3.   val := S[r]; 
4.   i := l; 
5.   j := r-1; 
6.   repeat 
7.     while (S[i]<=val and i<r) 
8.       i := i+1; 
9.     end while; 
10.    while (S[j]>=val and j>l) 
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Quick Sort Framework 

• Start with qsort(S, 1, |S|) 
• “Sort” S around the pivot 

element (divide) 
– Problem 1: Choose k 
– Problem 2: Do this in-place 

• Recursively sort values smaller-
or equal than pivot element 

• Recursively sort values larger-
or-equal than pivot element 

• Problem 3: How often do we 
need to do this? 

1. func void qsort(S array; 
2.                 l,r integer) { 
3.   if r≤l then 
4.     return;    
5.   end if; 
6.   pos := divide( S, l, r); 
7.   qsort( S, l, pos-1); 
8.   qsort( S, pos+1, r); 
9. } 
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Problem P2: Do this in-place 

• We use k=r 
• Simple idea 

– Search from l towards r until 
first value greater-or-equal S[r] 

– Search from r towards l until 
first value smaller-or-equal S[r] 

– Swap these two values 
– Repeat if i has not reached j yet 
– Result: Values left from i are 

smaller than S[r] and values 
right from j are larger than S[r]  

– Move S[r] into the middle 

1. func int divide(S array; 
2.                 l,r integer) { 
3.   val := S[r]; 
4.   i := l; 
5.   j := r-1; 
6.   repeat 
7.     while (S[i]<=val and i<r) 
8.       i := i+1; 
9.     end while; 
10.    while (S[j]>=val and j>l) 
11.      j := j-1; 
12.    end while; 
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