Lecture 22 - Nov 28
Inheritance, Recursion
Type-Checking Rules

Solving Problems Recursively: Fac vs. Fib
Recursions on Strings: Palindrome



Announcements
- Lab5 to be released on Wednesday




Static Types and Anticipated Expectations
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class C extends A {}




Summary: Type Checking Rules

CODE

CONDITION TO BE TYPE CORRECT

Is y's ST a descendant of x's ST?

Is method m defined in x's ST?
Is y’'s ST a descendant of m’'s parameter’s ST?

Is method m defined in x’'s ST?
Is y's ST a descendant of m's parameter’s ST?
Is ST of m’s return value a descendant of z’s ST?

Is ¢ an ancestor or a descendant of y's ST?

Is ¢ an ancestor or a descendant of y's ST?
| Is c a descendant of x's ST?

Is ¢ an ancestor or a descendant of y's ST?
Is method m defined in x’s ST?
Is ¢ a descendant of m’s parameter’s ST?




Solving_a Problem Recursively

Solve it directly:

Divide it into smaller problems.
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Assume solutions to smaller problems: M A

Combine solutions to smaller problems:
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Tracing Recursion via a Stack

e When a method is called, it is activated (and becomes active)
and pushed onto the stack.

e When the body of a method makes a (helper) method call, that
(helper) method is activated (and becomes active) and
pushed onto the stack.

= The stack contains activation records of all active methods.
o Top of stack denotes the | current point of execution |.
o Remaining parts of stack are (temporarily) suspended.

e When entire body of a method is executed, stack is popped .

= The | current point of execution |is returned to the new top
of stack (which was suspended and just became active).

e Execution terminates when the stack becomes empty .

Runtime Stack



Recursive Solution: factorial
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Recursive Solution in Java: factorial

1 ifn=0
n-(n-1)! ifn>1

n! =

int factorial (int n) {
int result;
if(n == 0) { /* base case x/ result =(1; }
else { /* recursive case */
result = n = (factorial (n — 1);

}

return result;

}

Example: factorial(3)

Runtime Stack



Recursive Solution in Java: factorial

ifn=0
n-(n-1)! ifn>1

int factorial (int ¥K) {

int result;

if(n == 0) |{ /* base case */ result
else { /* recursive case */

Facforlal(3)
y/ M') Runtime Stack

Example: f
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Common Errors of Recursion (1)




Common Errors of Recursion (2)




Recursive Solution: Fibonacci Numbers




Recursive Solution in Java: Fibonacci Numbers

int result;
if(n == 1) { /+ base case =/ result =l }
else ifi(n == 2) { /* base case #*/ result =1} }

else { /* recursiv se_ %/

result = fibzin - 1)P+ el (n — 2) ;
}
return result;

i
Example: fib(4) i Mﬂ%

Runtime Stack



public class StringTester ({
public static void main(String[] args) {
String s = "abcd";
System.out.println(s.isEmpty()); /* false */
é?_<§_£gg;acters in index ranqe [0, 0) #*/
S rlng@—ls substring(0, 0)] CO O>
Systen.out .printlnl{El) ; /* BE
/+* Chargcters in index range [0, 4)_
s.substring (0, M—% LO Ll,) LO.;’;]
System Gt pEIACIT{EL) /% "abad"™ %/
/* Characters 1in index range [1, 3) =*/
String t2 = s.substring(l, 3);
System.out .printlalt2); /% "be" %/
Steing €3 = s.subgtring (0, 2) + S-.subsbring(2, 4);
System.out.println(s.equals(t3)); /+ true x/
for(int i = 0; i < s.length(); 1 ++) {
System.out.print(s.charAt(i));

}
System,out .peintin() ;




Recursions on Strings
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“abcd”

“abca”



Problem: Palindrome

boolean isPalindrome (String word) {
if (word.length() word.length() == }) {
/* base case */

return true; E\MW gﬁ/‘-ﬁ 0( ﬁ»"
} >

else {
/* recursive case x*/
char firstChar = word.charAt (0);
char lastChar = word.charAt (word.length() - 1);
String middle = word.substring(l, word.length() - 1);
return
firstChar == lastChar
/+* See the API of java.lang.String.substring.
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&& | isPalindrome (middle) ;




