Recursion

Suppose you want to find all the files under a
directory that contains a particular word. How do
you solve this problem? There are several ways to
solve this problem. An intuitive solution is to use
recursion by searching the files in the
subdirectories recursively.
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Motivations

H-trees, depicted In Figure 18.1, are used In a very large-
scale integration (VLSI) design as a clock distribution
network for routing timing signals to all parts of a chip
with equal propagation delays. How do you write a
program to display H-trees? A good approach Is to use
recursion.
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Computing Factorial

factorial(0) = 1,
factorial(n) = n*factorial(n-1);

ComputeFactorial - B
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nl=n*(n-1)!
0l=1



http://www.cs.armstrong.edu/liang/intro11e/html/ComputeFactorial.html
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Computing Factorial

factorial(0) = 1;
factorial(n) = n*factorial(n-1);

factorial(4)
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animation

Computing Factorial

factorial(0) = 1;
factorial(n) = n*factorial(n-1);

factorial(4) = 4 * factorial(3)
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animation

Computing Factorial

factorial(0) = 1;
factorial(n) = n*factorial(n-1);

factorial(4) = 4 * factorial(3)
=4 * 3 * factorial(2)
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animation

Computing Factorial

factorial(0) = 1;
factorial(n) = n*factorial(n-1);

factorial(4) = 4 * factorial(3)
=4 * 3 * factorial(2)
=4 *3* (2 * factorial(1))
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animation

Computing Factorial

factorial(0) = 1;
factorial(n) = n*factorial(n-1);

factorial(4) = 4 * factorial(3)
=4 * 3 * factorial(2)
=4 *3* (2 * factorial(1))
=4*3*(2*(1* factorial(0)))
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animation

Computing Factorial

factorial(0) = 1;
factorial(n) = n*factorial(n-1);

factorial(4) = 4 * factorial(3)
=4 * 3 * factorial(2)
=4 *3* (2 * factorial(1))
=4*3*(2*(1* factorial(0)))
=4*3*(2*(1*1))
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animation

Computing Factorial

factorial(0) = 1;
factorial(n) = n*factorial(n-1);

factorial(4) = 4 * factorial(3)
=4 * 3 * factorial(2)
=4 *3* (2 * factorial(1))
=4*3*(2*(1* factorial(0)))
=4*3*(2*(1*1))

=4* 3% (2%1) ~\\

Liang, Introduction to Java Programming, Tenth Edition, (c) 2013 Pearson Education, Inc. All R
rights reserved.



animation

Computing Factorial

factorial(0) = 1;
factorial(n) = n*factorial(n-1);

factorial(4) = 4 * factorial(3)
=4 * 3 * factorial(2)
=4 *3* (2 * factorial(1))
=4*3*(2*(1* factorial(0)))
=4*3*(2*(1*1))

=4* 3% (2%1) ~\\

=4%3%2
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animation

Computing Factorial

factorial(0) = 1;
factorial(n) = n*factorial(n-1);

factorial(4) = 4 * factorial(3)
=4 * (3 * factorial(2))
=4 * (3 *(2* factorial(1)))
=4*(3*(2*(1* factorial(0))))
=4*(@B*(2*(1*1)))
=4>*(@3*(2*1))
=4*(3*2) \
= 4> (6)
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animation

Computing Factorial

factorial(0) = 1;
factorial(n) = n*factorial(n-1);

factorial(4) = 4 * factorial(3)
=4 * (3 * factorial(2))
=4 * (3 *(2* factorial(1)))
=4*(3*(2*(1* factorial(0))))
=4*(@B*(2*(1*1)))
=4>*(@3*(2*1))
=4*(3*2) \
= 4> (6)
=24
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Trace Recursive factorial

Executes factorial(4) ]

factorial(4)

Space Required
for factorial(4)

Main method
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Trace Recursive factorial

factorial(4)

l Step 0: executes factorial(4) :
, , Executes factorial(3)
return 4 * factorial(3

Stack

Space Required
for factorial(3)

Space Required
for factorial(4)

Main method
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Trace Recursive factorial

factorial(4)

Executes factorial(2) ]

Step 0: executes factorial(4)

return 4 * factoriaI(S)I
lStep 1: execu

‘Ireturn 3 "‘»factoriaI(Z)I
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Stack

Space Required
for factorial(2)

Space Required
for factorial(3)

Space Required
for factorial(4)

Main method




animation

Trace Recursive factorial

_factorial(4)

Step 0: executes factorial(4)

return 4 * factoriaI(S)I

lStep 1: executes factorial

‘Ireturn 3 *»factoriaI(Z)I

lStep 2. ex

Ireturn 2* factoriaﬂl)I
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Executes factorial(1)

Stack

Space Required
for factorial(1)

Space Required
for factorial(2)

Space Required
for factorial(3)

Space Required
for factorial(4)

Main method



animation

Trace Recursive factorial

factorial(4) Executes factorial(0)

' l Step 0: executes factorial(4)

return 4 * factorial(3)I

lStep 1: executes factorial(3)

”return 3* factoriaI(Z)I
-y

Step 2: executes fa

Stack

Space Required
for factorial(0)

turn 2 * jactorial(l)'

Step 3: eYécutes factorial(1) o toral()

Space Required

I 1 :
return 1 * faCtO.HaI(O) for factorial(2)

Space Required
for factorial(3)

Space Required
for factorial(4)

Main method
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Trace Recursive factorial

factorial(4) returns 1

Step 0: executes factorial(4)

return 4 * factorial(3)I

lStep 1: executes factorial(3)

return 3 * factoriaI(Z)I

Step 2: executes facto

return 2 * factorial(l)I

Step 3: exec actorial(1)

“return 1 * factoriaI(O)I
Step/4: executes factorial(0)

return 1
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Trace Recursive factorial

factorial(4) returns factorial(0)

Step 0: executes factorial(4)

return 4 * factorial(3)I

lStep 1: executes factorial(

return 3 * factoriaI(Z)I

Step 2: exe ctorial(2)

Stack

|
return 2 * factori

Space Required
for factorial(0)

Space Required

ep 3: executes factorial(1) for factorial(1)

[ | Space Reguired
ret% * factorial (0) for factorial(2)
Space Required
for factorial(3)

Step 5: return 1 Step 4: executes factorial(0)

Space Required
for factorial(4)

return 1

Main method
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Trace Recursive factorial

factorial(4) returns factorial(1)

Step 0: executes factorial(4)

Ireturn 4 * 1‘actoria|(3)I
lStep 1: executes fac

return 3 * factoriaI(Z)I

. executes factorial(2)

Ir%f* factorial(1) Stack
( lStep 3: executes factorial (1)

Step 6: return 1

Space Required
for factorial(1)

I 1

return 1 * faCtOI‘Ia|(O) Space Required

for factorial(2)

Step 4: executes factorial(0 Space Required

Step 5: return 1 P ) for actoril(3)

S ired

return 1 To factorslé)

Main method
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Trace Recursive factorial

_factorial(4)

Step 0: executes factorial(4)

returns factorial(2) ]

return 4 * factorial(3)I

lStep l:e
'retum/fsoﬁial(z)'
(y lStep 2: executes factorial(2)

return 2 * factorial(l)I

Step 7: return 2

Step 6: return 1 Step 3: executes factorial(1)

Space Required

I 1
return 1 * factorial(0) for factorial(2)
Step 4: executes factorial(0) Space Required

for factorial(3)

Step 5: return 1

Space Required
for factorial(4)

return 1

Main method
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Trace Recursive factorial

_factorial(4)

Step 0: executes factorial(4

returns factorial(3) ]

Ireturn 4*f

Step 8: return 6 lStep 1: executes factorial(3)

return 3 * factoriaI(Z)I

Step 2: executes factorial(2)
Step 7: return 2

return 2 * factorial(l)I

Step 6: return 1 Step 3: executes factorial(1)

return 1 * factoriaI(O)I
Step 4: executes factorial(0)

Space Required
for factorial(3)

Step 5: return 1

Space Required
for factorial(4)

return 1

Main method
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Trace Recursive factorial

returns factorial(4) ]

factorial(4

Step 0: executes factorial(4)
Step 9: return 24

return 4 * factorial(3)I

Step 8: return 6 lStep 1: executes factorial(3)

return 3 * factoriaI(Z)I

Step 2: executes factorial(2)
Step 7: return 2

return 2 * factorial(l)I

Step 6: return 1 Step 3: executes factorial(1)

return 1 * factoriaI(O)I
Step 4: executes factorial(0)

Step 5: return 1

Space Required
for factorial(4)

return 1

Main method
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factorial(4) Stack Trace

Space Required
for factorial(4)

Space Required
for factorial(3)

Space Required
for factorial(2)

Space Required
for factorial(1)

Space Required
for factorial(0)

Space Required
for factorial(4)
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for factorial(3)
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for factorial(1)
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for factorial(2)

Space Required
for factorial(4)

Space Required
for factorial(3)

Space Required
for factorial(2)
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for factorial(3)
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Other Examples
f(0) = 0;
f(n) =n + f(n-1);
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Fibonaccl Numbers

Fibonacci series: 0 1 1 2 3 5 8 13 21 34 55 89..
indices: 01 2 345 6 7 8 9 10 11

fib(0) = 0;

fib(1) = 1;

fib(index) = fib(index -1) + fib(index -2); index >=2

fib(3) = fib(2) + fib(1) = (fib(1) + fib(0)) + fib(1) = (1
Hib(1) =1+ fib(1)=1+1=2

*)

ComputeFibonacci -
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Fibonnacit Numbers, cont.

fib(4)
17: return fib(4) ¢ 0: call fib(4)

'veturn fib(3) + fib2)

11: call fib(2)
10: return fib(3)

| . . |
return fib(2) + fib(1) 'return fib(L) + fib(0)'
7: return fib(2) 8: call fib(1) ] / 14: return fib(0)
2: call fib(2) 13: returrf)l/lz call fib(L) \
Ireturn fib(1) + fib(Q)' 9: return fib(1) return 1 return 1 15: retum fib{0) return 0

4: return fib(1) 5: call fib(0)

3: call fib(1)

J

return 1 6: return fib(0) eturn O
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Characteristics of Recursion

All recursive methods have the following characteristics:

— One or more base cases (the simplest case) are used to stop

recursion.

— Every recursive call reduces the original problem, bringing it
Increasingly closer to a base case until it becomes that case.

In general, to solve a problem using recursion, you break it
Into subproblems. If a subproblem resembles the origina
problem, you can apply the same approach to solve the
subproblem recursively. This subproblem is almost the
same as the original problem in nature with a smaller Siz
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