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Example 1: findMax [2]
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Example 1: findMax [4]

® Recursive solution
’ﬁb0n1iﬁﬂrnaxof7peopb A B CDTETF G

° A UBNLNAW A 11 maxOf_6 a2 A 9211 maxOf 7

=i

Tﬂmﬁﬂumwgowaa A L8z maxOf_6

Example 1: findMax [3]

arrayA =
[166,164,156,175,172,156,182,180,171,159]

function findMaxIt(arrayA)
maxH = ©
for num in arrayA
if num > maxH
maxH = num
endif
endfor

return maxH
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Example 1: findMax [5]

A B C D E F G

° ABINT1IU1 max of 6 people

° B uaniianli ¥ maxOf_5 a2 B 9¢%1 maxOf_6

=i

° ABIN1IU1 max of 5 people

[
Jynanas

° C yantianli ¥1 maxOf_4 1a2 C 9211 maxOf 5

AND So on....
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Example 1: findMax [6]

* @@9IN15%1 max of 1 people

A B C D E F G
* G UaNI1 G geNgnnnagaAwLAad maxof_1=G

® Return maxOf_1 %F

* F l@a@1 maxOf 1310 G
* F 9128031 maxOf_1
e ﬁ’o‘i}fu maxOf_2 = maxOf_1
® Return maxOf_2 WE
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Example 1: findMax [8]

1 Load &
* A la@1 maxOf_6 31N B oad ymun3ENY

] ¥ [
Laacan Llﬂﬂiy‘ﬁ’l'ﬂ%’lﬂlaﬂ

° A §99488n31 maxOf_6
* A maxOf_7 = maxOf_6

° END
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Example 1: findMax [7]

* Ela@1 maxOf 291n F

A B C D E F G

* E g9%a2n31 maxOf_2

° AIKH maxOf_3 = maxOf_2

® Return maxOf_3 %D

* D l@@A1 maxOf 331N E
* D §9841NN731 maxOf_3

° AN maxOf_4=D

® Return maxOf_4 1% c

AND So on....

[d
findMax()

. 166 164 156 175 172
Implementation
return 178
*
166 |numarray[@] OR findmax(numarray,1,5) 17g 156 175 172
L
return 178

*

OR findmax(numarray,2,5) | 1g5g 175 172

*

return 175

178 | numarray[1]

156 numarray[2] OR findmax(numarray,3,5)| 175 172

return 175

175 numarray[3] OR findmax(numarray,4,5) | 17>
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findMax () Implementation [2]

int findMax(numArray,pos,lenA) { int findMax(numArray,pos,lenA) {

if (pos == lenA - 1)
return numArray[pos];

v =
MaJdd base case

I uﬂmﬂuﬂzymﬁmdnaa (divide & conquer) i LLﬂdLﬂ%ﬂmuﬁ’]ﬁtgﬂad (divide & conquer)

firstBlock = numArray[pos]
maxRest =
findMax(numArray,pos+1,lenA)

firstBlock = numArray[pos]
maxRest =
findMax(numArray,pos+1,lenA)

I A1 BUNITINAK (combine)
if (firstBlock > maxRest)
return firstBlock;
else

I/ $1A1MBUNITINAK (combine)
if (firstBlock > maxRest)
return firstBlock;
else

return maxRest; return maxRest;
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Example 2: Factorial

int factorial(int n) {

N1 5! Ay 4! //base case

5/ =5x/4x3x2x1
4! = 4x3x2x1

//divide & conquer

Define n! LUl recursive

5!=15 x 4!

Base case? ‘nqﬂﬁ 1

al = 1, n=0
T lnx(n = 1), n>0

//combine

15
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General Structure

output recurse(arguments) {
// base case = terminate

& { 1o @ ' '
// aifavnannwaie: solve la - laisuiuaasuiisdnaalil)

if smallEnough(arguments)
return answer

// divide and conquer (mJ'aﬂmumuazL%ﬂnSl% function @04)

myWorkLoad = someFunction(arguments)
answerFromSubproblem = recurse(smallerArguments)

// combine (¥WAIMBUNIIINNK)
answer = combine(myWorkLoad,answerFromSubproblem);

return answer

}

Adapted From:

v 1 v [

mmumumﬂtymmnao
) £
RIDTUDBOINNDYAI LA

?Nn’l"lgl: base case

http://ocw.mit.edu/courses/civil-and- ing/1-00-introduction-to- p d

ing-probl

lving-spring-2012

Fibonacci... and
hisrqbbits

|\ The Piper frowned. “Just how many rabbits
] are there?” he asked.

K
5 B “Every day there are more.” answered Amanda.

b

gfb %/ N %“}) Amanda drew two baby rabbits and
l{ ¥ ‘wrote a B for “babies” in the dirt.
Zebay N B\

%“ {) “The second day, they were adults.”
~

“On the first day I had only one pair, Knot
and Fibb. They were babies.”

She drew a line and drew two

P‘ Nbigger rabbits. She wrote
an A for “adults.”

O

OK, OK...

Let’s talk
rabbits...
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Example 3: Fibonacci Sequence

204112: Structured Programming

Example 3: Fibonacci Sequence 3]

5
R

" R1 R1 RL 1
\rLl‘\ RLI\ RLL

12\ RL2

.3

ri1l

o 1 =~ dp
* Fmamnszanalntfonih C s
= PIWIBNITAYLADWNILAD HFumnseananalvsitowih

o 1 & o A A U
= AMWINNITANULEAIN IELABDWUIELA

[J 1 o A ¥
= PIWINNITANLADILADUNILLRQ

* FramnIzaalntfonih
= PIBIVBNIZANYLADWTLAD + ITWIBNIZAYFDILADWNLAD

Fib (n) = Fib (n — 1) + Fib (n — 2)

°11235813 21 ......

19

204112: Structured Programming

Example 3: Fibonacci Sequence [2]

° annIzany 1 a2
® o
* l#1aa1 1 thanazlan@uie
1 [~ [ [
* nyzaalalANIY 1 A9

¢ ‘l?z’fnm 1 Laa%ﬂaaﬂﬁﬂ 109

1 2 3 4 5
rl R1 R1 R1 R1
\rl.l\ R1.1\ R1.1
r1.2\ \ R1.2
ri.3
r1.1.1
18 1 1 2 3 5
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Example 3: Fibonacci Sequence [4]

* Divide: function fib(x) {
° Number of Rabbit of month (n)
Fib(n)=R+r if (x == 1)
* Conquer return 1;
.R=Fib(n—1) if (X == 2)
® r=Fib(n - 2) return 1;
¢ Combine
int R = fib(x - 1);
® total =R +
ota r int r = fib(x - 2);

¢ Base Case
® Fib(1)=1
® Fib(2) =1

int total =R + r;
return total;

20
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The Three Laws of Recursion Example 4: Prime Factor

1. Arecursive algorithm must have a base case. Tmdawldsunsuiianansaraltsznauianizaad

. . . integer x lag1% Recursion ‘Y%‘ﬁlﬁé’m input 371N
2.  Avrecursive algorithm must change its state g P

command redirection (ui‘sﬁ'ﬂ LINABINWIW test case)
and move toward the base case.

inputl.txt
3.  Avrecursive algorithm must call itself, 3
. 360
recursively. 17
1

outputl.txt

222335
17
1

Credit: http://interactivepython.org/courselib/static/pythonds/Recursion/recursionsimple.html 22
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Example 4: Prime Factor 2]

function primeFactor(x,num)

//base case
if (num == 1)

Tail vs Head Recursions

° 1538N recursion na recursive call agl:é'mwﬁdilad

function 21 tail recursion

- - d o ”
1 get”"" ® Tail recursion dan¥mzAan loop
C
if (num % x == @) then NITWEINVDIAILDINDY LAIFI PALNDWTIN
pr%nt(x) Print ua72 Aoy call . .
primeFactor(x,num/x) myworkLoad naw LLalnag call
recurse(smallerArguments)
else

primeFactor(x+1,num)

endif

23

1o @ U A 1 o A
Iuaqlﬂ%ﬂaﬂsaﬂa return ﬁ)’lﬂlwa%ﬂaﬂmﬂa‘lﬂﬁl

Taidassa answerFromSubproblem 1Wax1 combine

24




204112: Structured Programming 204112: Structured Programming

Tail vs Head Recursions [2] Tail vs Head Recursions [ 3]
* 21 recursion agjsi'm(?fuw 89 function 1311380 Tail Recursion Head Recursion
recursion LU head recursion ‘{’°id tail(n): ‘{’°id head(n):
° LIS IALNOWN DY AN DITANALNDONT combine if (n==1) if (n==1)
r‘etur‘n; r‘etur‘n;
ADIWINA 91N recurse(smallerArguments) X1 combine else else
= o print(n); head(n-1);
019 return 161
tail(n-1) print(n)
} }

o ¢ L A .
HAaandwaINI9g traverse array Taa1535 head vs tail?

25 26
Recursion Helper Functions Mathematical Induction
° 1%‘”’]0?’135& Li’lﬁ’llﬂ%(;fad GAlEh) parameter UNANNDDIWILAIN ® Recursive programming is directly related to
szadnlun13¥i recursion 1 user laisuiiudasnsny w3a input 1 mathematical induction

g
® The base case is to prove the statement true for

* 13w N array KINABINNS recursive call ab 729 index Ntiaaaslil .
some specific value or values of N.

{ [ 1 [
s ntuuanasnisnusilyniili subproblem
USER: pr\ocessAr\r\ay(int a[]’ int lengthA) ° The indUCtion Step - assume that a statement iS

HELPER: processArray(int a[], int start, int end, int lengthA) true for all positive integers less than N, then

prove it is true for N.

27 28
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Recursive Memory Stack

int factorial(1){
if (n==0

return 1;

else

int factorial(1){

. . . . 1
int factorial(int n){ if (n==0)
if (n==0) cpee
return 1; return (1* factorial(@)); |
else int factorial(2){
return (n* factorial(n-1)); if (n==0)
} ... 1*1
else

|return (2* factorial(1)); |

int factorial(3){
if (n==0)

2%(1*1)
else

<——| return (3* factorial(2)); | 29

Fibonacci Revisited [2]

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

Ent fib(int n, int depth) ﬂmvmmeé‘nﬂm:
int i, result; Taiwmang fib(d .
for (i = 0; i < depth; i++) avAsunTamn
printf(" "); ;
printf("fib(%d)\n", n); LLUY recursion
(§9NANITANHITE
if (n < 2) é%)
result = 1; .
fib(1
else )
result = fib(n - 1, depth + 1) +
fib(n - 2, depth + 1);
for (i = 0; i < depth; i++) |int main()
printf(" ") {
int depth = 0;
printf("--> %d\n", result); fib(4, depth);
return result; return 0;
} }
31
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function fib(n)

if (n < 2)
return 1
else

endif

for n « 1 to 15
print(fib(n))
endfor

Fibonacci Revisited

# Base case: fib(@) and fib(1) are both 1

# Recursive case: fib(n) = fib(n-1) + fib(n-2)
return fib(n-1) + fib(n-2)

112358 13 21 34 55 89 144 233 377 610

Iterative

function factorial(n)
factorial = 1
for i « 2 to n+l
factorial *= i
endfor

return factorial

print(factorial(5))

[teration vs Recursion Example

Recursive

function factorial(n)

if (n < 2)
return 1
else

return n*factorial(n-1)

print factorial(5)

30
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32




[teration vs Recursion Example [ 2|

Iterative Recursive

function gcd(x,y) function gcd(x,y)

while (y > 0) if (y == 0)

r=x%y return Xx

X =y else

y=r return gcd(y,x % y)
endwhile endif
return x print(gcd(1024, 360))

print(gcd(1024, 360))

33

[teration vs Recursion Summary [2]

® Recursion
1 [~ [ 1 H
* uusomiiludndas 9 tivaunan
* InatAgINUNITHEINNIIAMAFAITAT
A A 03‘ 1
* DN EBUATAIVIINAI (“more elegant”)
® Iteration
[~ ) A &
* AN IBLANT 9)
=3 ) ~ a
* gLaUn1Iv LN annIstawllsunsa

° (87199%) WM laladianin

35

[teration vs Recursion Summary

o g [
* Recursion @ansalanuilawile 9 Aswnsadianiiln
v 1 1 ¥
stuuunsundymlunizdesasla

* nsundgmilaaly teration aransadanlvaglngy

. [y
Recursion 16\
9
* Tun1st8an 1591329279 Iterative %30 Recursive b1 13l
NRANAILA
= |
* Il aneuAMAKAINTENYDIT N

1o G [ H 1
* Recursive luaniuaaaiduwnisidonnaninans

34

[teration vs Recursion Summary [3]

Recursion Iteration
Elegance ++ --
Performance -- ++
Debugability -- ++

® Conclusion (for now):
Use iteration when practicable. Use recursion when

required (for "naturally recursive problems").

36
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When to use Recursion Reference
e %ﬁﬂtﬁﬂdﬂ’lﬂ% recursive function Lﬁaﬁﬂ'ﬁ‘[i’f local arrays ® http://www.kosbie.net/cmu/fall-12/15-
w1 lna) (Recursive 15 Memory 1e0z) 112/handouts/notes-recursion/notes-

* 18anl¥ recursion tlarinlraatainistdaulisunsa wia recursion.htmi

MRl UNINAAANNTUT2HAININ ¢

* Recursion aNzannUsnilsziannly Divide-and-conquer
algorithm 15U ifaunn 1w merge sort Uag binary

search
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