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5 Using a Loop Invariant to Prove Stability {Sbny M a s4
Definition A sorting algorithm is stable if objects with equal keys appear in the same order in 
the sorted output as in the unsorted input.
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5.1 Stability Proof for Insertion Sort -2
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Let i and j be indices with i < j such that Ailkey = A[].key. We will show that their final positio 
i and j at the end of insertion sort satisfy i < j". c, —g------- -------------------------------
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6.1 Mergesort (CLRS §2.3)
sorted sequence

merge
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MERGES2T(A[I. 43)

MERGESA-T(A[A+ - a])
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6.1.1 The Merge Subroutine

Description of the algorithm, or more English version of pseudocode:

To merge sorted arrays L[1 ... m] and R[1 ... p] into array C[1 ... m+p]
Maintain a current index for each list, each initialized to 1
While both lists have not been completely traversed:

Let L[i] and R[] be the current elements
Copy the smaller of Li] and R[j] to C
Advance the current index for the array from which the smaller element was selected

EndWhile
Once one array has been completely traversed, copy the remainder of the other array to C
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MERGE(Um,R,P,C)
1

2

3

4

5

6

7

8

9

i < 1
j 4 1
for k = 1 to mtP

C[k] 
i 4

C[k] 
j <

ond

//10-m3 and R-PJ afe Svays
ckec -haf in bbunds oC 
- Ar/ay L

10

K

6.1.2 Proof of Correctness of Merge

Loop invariant:
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• Termination:
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6.1.3 Running Time of Merge (wors> CASc)
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6.1.4 Back to Mergesort: Correctness, Running Time, Recursion Tree
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Proof sketch.

So overall runtime is:

Proof of time complexity
Claim. For large enough c1 > 0, and for all n > 2 T(n) < C W
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7 Solving Recurrences
We are exploring the algorithm design technique known as Divide and Conquer. We’ll see 
various algorithms that use this technique.

Running time analysis of such algorithms naturally involves recurrences since we may state 
the running time in terms of the running time on smaller inputs. Let's think more about solving 
recurrences to help us determine the running time of such algorithms! _
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7.1 Using the Recursion Tree Method (CLRS §4.4
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7 Solving Recurrences
We are exploring the algorithm design technique known as Divide and Conquer. We’ll see 
various algorithms that use this technique.

Running time analysis of such algorithms naturally involves recurrences since we may state 
the running time in terms of the running time on smaller inputs. Let's think more about solving 
recurrences to help us determine the running time of such algorithms!

7.1 Using the Recursion Tree Method (CLRS §4.4)
Example T(n) = 2T(n/2) 4,cn2) T(1 ) = c
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Example T(n) = 2T(n/2) + c, T(1) = c
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7.2 The substitution method (CLRS §4.3)
Example g -tv.
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7.2.1 Careful with asymptotic notation and bogus proofs! —W3
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