Poll Everywhere

PollEv.com/2110fa25 text 2110£fa25 to 22333

How many loop iterations doesibiné’r‘ySea rch(a,7) run?
r

£ r
a:’01234567|89|

[ static int binarySearch(int[] a, int v) { )

intl=0; intr=a.length;

3 (A)

while (1<) {

l . m 4 B)
intm=1+(r-1)/2; o) |0 S
if (@alm]<v){Il=m+1;, ¢ |0 8

lelse{ r=m;} 6 8 7 S (C)
}

return r;

7 7 6 (D)

\} J




Runtime Analysis
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Space Complexity
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Today's Learning Outcomes

10. Develop recursive methods in Java given their specifications.

29. Determine the number of recursive calls and the maximum depth
of the call stack of a recursive method and use these to compute its
time and space complexities.
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Recursive Methods

A method j5  recursive if i} oy be i1voked from
Qithin S own definition.
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Computing Factorials
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static int factorial(int n) {
int product = 1;
Pl‘odwd' = (i-)\ +
for (inti=1;i<=n;i++){
product *=i;
}

return product;

)
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A Recursive Implementation
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2, Coding Demo: Recursive factorial()
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Visualizing Recursion
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static int factorial(int n) {
assert0<=n &&« n<=12;
if (n<=1){
return 1;
}
int f = factorial(n - 1);
return n * f;

}
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Time Complexity of Recursive Code
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Space Complexity of Recursive Code

qu}ﬂ} We o Ccount €oC 0 '}"’;"'J.S:
Ject
1. Agdd;tienal space of obvecl  coastruied b),
0]47 ¢Al|$ [none 'r-'/ 'F\'Z"of’?)é))
2. 6P£\(_< +alken “up \97’ call froames

T\/FF(QHY O(l) p. 4 (VLQ)(;"’.)W"D\ ‘H: OF CQ)L
poiat  of the  exec oy

frames  present at A7y

§ add dional Space
|lre(~1/5:~/c ch'l"v R A

. ‘ = qll Staclk fromes
[For {:Hi'or.'ll() . O+ 0() xn = O[n) SISt en less
efficieat fhaq ;}elation

CS 2110 Lecture 6: Recursion September 11, 2025 12




Recursion on Arrays

/** Returns the maximum value in array ‘nums’. Requires that 'nums’ is non-empty. */
static double maxValue(double[] nums) { ... }
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2 Coding Demo: Recursive maxValue() &
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Poll Everywhere

PollEv.com/2110fa25 text 2110£fa25 to 22333

What are the time and space complexities of our
recursive maxValue() implementation?

Eaclh of O(N) fecacsive cally qsed O(N)  space  ~od did  ON) work
Time Complexity: O(N) Space Complexity: O(N) (A)
Time Complexity: O(N) Space Complexity: O(N?) (B)
Time Complexity: O(N%?) Space Complexity: O(N) (C)

Time Complexity: O(N?) Space Complexity: O(N?) (D)
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Array Views
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2 Coding Demo: maxValue(), Take2 &

CS 2110 Lecture 6: Recursion September 11, 2025




Poll Everywhere

PollEv.com/2110fa25 text 2110£fa25 to 22333

What are the time and space complexities of our new
maxValue() implementation?

Each of O(N) fecarsive calls wsed O(1)  space <-4 did O(1) work

Time Complexity: O(N) Space Complexity: O(N) @
Time Complexity: O(N) Space Complexity: O(N?) (B)
Time Complexity: O(N?) Space Complexity: O(N) (C)

Time Complexity: O(N?) Space Complexity: O(N?) (D)

18



Another Recursive Method on Arrays

static boolean canMakeChange(int total, int[] coins) { ... }
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2 Coding Demo: canMakeChange () £
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Visualizing the Call Structure
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Time and Space Complexity
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