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. .. . . ALG M1 A Recursive Algorithm for Computing n!.
1. Trace Algorithm 1 when it is given n = 5 as input. That
. . . procedure factorial(n: nonnegative integer)
is, show all steps used by Algorithm 1 to find 5!, as is i = 0 then return |
done in Example 1 to find 4!. else return n - factorial(n ~ 1)
{output is n!
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3. Trace Algorlthm 3 when it finds gcd(g, 13) That iS, show ALGORITHM 3 A Recursive Algorithm for Computing ged(a, b).
all the StepS used by AlgOI'Ithm 3 to ﬁnd ng(S; 13) procedure gcd(a, b: nonnegative integers with a < b)

if a = 0 then return b
else return gcd(b mod a, a)
{output is gcd(a, b)}

Syl gd(8,B)=gd (13 md 8 ,8) = ged (55 8)

Sp2: %w{( 5.&)= aecd (& mod5, 5) = 3cd(5, 5)
i3+ ged(s,5)=ged(5 25 = ged (2.3)
st gc(as ) =gedomd202) =ged (152)
stys: gl 1, =gellarokts © Z§e) =g

cursive Modular Exponentiation.

procedure mpower(b, n, m: integers with b > 0andm > 2, n > 0)
if n = 0 then
return 1
else if n is even then
return mpower(b, n/2, m)> mod m
else

5. Trace Algorithm 4 when it is given m =5, n = 11, and
b =3 as input. That is, show all the steps Algorithm 4 return (mpower(h, |/2], my* mod m - b wod m) wod m

{output is " mod m}

uses to find 3''mod 5.
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= mpow (3, 1155) =2

7. Give a recursive algorithm for computing nx whenever n
is a positive integer and x is an integer, using just addi-

tion. . _ _
Procedure muly (n: posIuve \V\‘faé,u« S X: W\W)
I‘f n=| ten retun >
ele retun oG+ mult (n—ty =D

8. Give a recursive algorithm for finding the sum of the
first n positive integers.

Pm&dum Sum ( n: posﬁ;f(/Q TV\‘@@,M)
I n={ Then retum 1

else vetun N+ Sum (n—1)

9. Give a recursive algorithm for finding the sum of the
first n odd positive integers.

procure,  SuM0todd (n: posTEiR nlager)
1~F n={ then retum L
else et (2n—[)+sumefodd (n-1)

10. Give a recursive algorithm for finding the maximum of a
finite set of integers, making use of the fact that the max-
imum of n integers is the larger of the last integer in the
list and the maximum of the firstn — 1 integers in the list.

procadure, Max (i, 02, an - Wgers)
T'F n=| thon retun A&
else. vetum MoK ( max (dy»0asm, Anrt) 5 Gn)

11. Give arecursive algorithm for finding the minimum of a
finite set of integers, making use of the fact that the min-
imum of n integers is the smaller of the last integer in the
list and the minimum of the first n — 1 integers in the list.

proadute,  MiN (ar, G, an - nlgers)
f = thn wtun &
el Yetum min (min (445825, Gn) 5 An)



29. Devise a recursive algorithm fo find the nth term of the
sequence definedbya, = 1,a, =2,anda, = a,_, - a,_,,
forn=23,4,....

procedure,  Gonsecties Muttx (1 nohmﬁa"t‘ue, tger)
I’f h=0 then retunm L
dee i n=| tn rewm 2

else retum  ConseaitiveMubtr (=) - Con

30. Devise an iterative algorithm to find the nth term of the
sequence defined in Exercise 29.

Drcedue.  Torilie GnseMutti (1 nonnaadine. i73ger)
f n=p thon retwm L

else i n=f then TN =
else, x=1, y=2
for =t T n-l
Z:x—% yoX=d s 4=z
YeCurn %L

31. Is the recursive or the iterative algorithm for finding the | Wd‘i\d@ ol .
sequence in Exercise 29 more efficient?

cecntit@ Mt (N2

ALGORITHM 9 A Recursive Merge Sort.

procedure mergesort(L = ay, ..., a,)
if n > 1 then
. . . m:=|n/2
44. Use amerge sorttosort4,3,2,5,1,8,7, 6into increasing L= lal{ai o,
order. Show all the steps used by the algorithm. Ly = e Gy -0

n
L := merge(mergesort(L,), mergesort(L,))
{L is now sorted into elements in nondecreasing order}
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45. Use a merge sort to sort b, d, a, f, g, h, z, p, o, k into al-
phabetic order. Show all the steps used by the algorithm.
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DRITHM 10 Merging Two Lists.
46. How many comparisons are required to merge these pairs procedure merge(Ly, Ly: sorted lists)
of lists using Algorithm 10? - :’Z‘%:SL‘Z e both nonempty
@) 1,3,5,7,9:2,4,6,8, 10 P ST RO S o
b) 1,2,3,4,5;6,7,8,9, 10 append them to L
C) 1’ 5’ 6, 7, 8, 2’ 3, 4’ 9’ 10 return L{L is the merged list with elements in increasing order}
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Sops, 1762 L=1T, L=goro, L=3152,3,4 45 6%
Stph 7<ESL=9, L=, L=1234567 8
Shpd, 1>8 SL=1, L=, [=5153%56 738K
stopg, A<0=>4=¢ 5L =05 L= 51,23 %556578.7 3
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Stupt, 649, Li=08 La=qi0 , L= 315253, 4,548

shps 7<% L =& L= Do, L= 10523545671
Stop & 8<9, Li=¢, La=io ,L=510,22,4,5,6,9,8 %

= g [ 15 empy, We Pk b oL and We STop.
L:i [525 354,55 657,85 9,/o§



47. Show that for all positive integers m and n there are sorted
lists with m elements and n elements, respectively, such
that Algorithm 10 uses m + n — 1 comparisons to merge
them into one sorted list.

Find 2 \ists , Ohs. V\asLm elemuts and Tthe. DUkO-P has Md@m@?s

Suwn that once ’oluz% are merzed Fo o st L by usihg Mt~ Conparieng
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fiom sop m o Sop M2 we move M, MT=2;0e, ITN=2. From Ly to [
ad L=3imtnA% L= 3 men?
Here we tsed wmen-2-mtl = p-|comparison
o s‘(o,() M=, we move  wth~ fpm L, ol and  sina pow L 15
w\p‘t&, than we also move mtn Fem 1, o L
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= Totol Compar iZon - (m)+p~) 1 = mtn—

48. What s the least number of comparisons needed to merge
any two lists in increasing order into one list in increasing
order when the number of elements in the two lists are
a)l,4? b) 2, 4?7 ¢) 3,47 d) 4,47

We/ll cone back o this %uumn ona_ we Fnch the  sesam of Tree.



