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Inserting into an Array O(V( 'H) F OQLL

String[] insertAt(String[] a, int n, String e, int é
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Selection Sort in Java O( @D+ =)+~ +_>
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selectionSo int[] a, int n) (

for (int\GEEEEN 1 <= (n — 2); i ++) >
x°)

) Gint m1nIn<§x = 1;] 0(')
for (int(j)= 1i; j <= &_)_u-)
[;_f (al7] < al mlnInde B mMJ j OO)

Iint temp = al
alil mlnIndeX m)
a[mlnIndex = temp
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Insertion Sort in Java
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Running Time: Ideas M?e\l’ ( > : r_'

boolean allPositive(int[] a) { return allPosH (a, O, Eaeng h = 1Y)

[

1|

2 |boolean allPosH (int[] a, int from, int to) { W”??‘
3 if |from > to return true; }

4 ‘ elséﬁ@mj;_:‘a { return CNREHIE=—, _J__'%_
9 ! Else { return E[from] > OllallPosHi’(a, from + 1

G TO) = 1
Empty Arrayé— . ¢ ' >
s> T(1) = 1
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Recursive Case:

ArrayQF size > D .




Running Time: Unfolding Recurrence Relation




Correctness Proofs: Ideas

1 ibooleanlallPositive(int[] a) { return allPosH (a, 0, a.length - 1);i

2 |booleanfallPosERint([] a, int from, int to) { |

3 ‘ if (from > to) { return‘Ltrue; } \/ - |

4 else if (from ==_te}y—{t=seturn. a[froml > 0; } / |

9 | else { @weturn a[?’om] >0l &6 ) EninhEEEEm (=, from + 1, “to);=F) } |
|
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<§mpfy Array ) * ‘kL\' *

Base Case:

CErmy of Size 1l ) |_*° * *

Recursive Case:
Array of size > 1




Correctness Proofs

1
CQ;Zboolean allPositive(int[] a) { return allPosH (a, 0, a.length - 12#
L) o ‘

2 |boolean allPosH (int[] a, int from, int to) {
3 if (from > to) { return true; }

4 else if(from == to) { return al[from] > 0; }
5]

| else { return a[from] > 0 && allPosH (a, from + 1, to); } }
|

e Via mathematical induction, prove that al1PosH is correct:

Base Cases
e In an empty array, there is no non-positive number .".

result is true. [L3]

e In an array of size 1, the only one elements determines the result. [L4]
Inductive Cases

e Inductive Hypothesis: |a11PosH (a, from + 1, to)
a[from + 1], a[ffrom + 2], ...,
e allPosH (a

and | 2) a[from + 1], a[from + 2], ...,

4

returns true if

a[to] are all positive; false otherwise.

from, to) should return true if: 1) a[from] is positive;

afto] are all positive.

e By LH.  resultis a[from] >0 A|allpPosH/(a,

—
<:dg£lPosit£ye(a

from + 1,

to) | [L5]

is correct by invoking

allPosH(a,'O a. length - 1)

BAtfR vande of LWJ

, examining the entire array. < [L1] )



Binary Search: Ideas

Inpufi.Array sorted in’non-descending order
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Search: Does key'k iexist in array a?
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Binary Search in Java

boolearl binarySearch/int[] sorted, int( kevy)/ {
return binarySearchHelper (sorted, O,

sbOrted. length - 1, key);
}

boolean | binarySearchHelper| (int[] sorted,
if (from > to) |

+ bgsg case 1: empty range x/
return false; } DZ‘} TC@ ..".’-\
Ca—
else if (from == to) { /* base case 2: range of one element #*/
return sortedfron) == key; } l(') :i
0(\,

int from, int to, int key

else {
int middle = (from + to)l/ 2;
int_middleValue = sorted[middle];

1f(ﬁeg < mlddleValE) { = [

key) ;
j

return binarySearchHelper (sorted, from, [middle = ]j
}

return binarySearchHelper (sorted to key) ;
}

else return tryef &}




Binary Search: Tracing

sea rch(a@lS)

M= (g&t)/z sb
k< pled
4!

search(a 18)

search(a,7)

search(a,0,8,7)

search(a,0,3,7)

search(a,2,3,7)

search(a,2,1,7)



Binary Search: Running Time

boolean binarySearch(int|[] sorted, int key) {
return binarySearchHelper (sorted, 0, sorted.length - 1, key);
}

boolean binarySearchHelper (int[] sorted, int from, int to, int key
if (from > to) { /* base case 1: empty range */
return false; }
else if (fr == to) { /# base case 2: range of one element x*/
return sorted[from] == key; }
else {
int middle = (from + to) / 2;
int middleValue = sorted[middle];
if (key < middleValue) {
ereturn binarySearchHelper (sorted, from, middle - 1, key);
}
else if (key > middleValue) {
._;’return binarySearchHelper (sorted, middle + 1, to, key);
] ———
else { return true; }

}




Running Time: Unfolding Recurrence Rela’rlon
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