Chapter 10

Recursion
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Figure 10.1 Splitting a Problem into Smaller
Problems
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Figure 10.2 Recursive Function multiply
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Figure 10.4 Recursive Function to Count a

Character in a String
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Figure 10.3 Thought Process of Recursive
Algorithm Developer
Counting occurrences of 's' in
Mississippi sassafras
If I could just get someone to
count the s's in this list J
.. .then the number of s's is either that number
or 1 more, depending on whether the first
letteris an s.
Figure 10.5 Trace of Function multiply
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Figure 10.6 Function reverse_input_words

* Take n words as input and print thes in reverss order on se

8 reverss_inpat_wardafint nj
ohar word[WORDSIZ]; /* local varisble for storing one word .
LE fm<= 1) { /* simple case: just one word to get and print .

seanf|*\s", word):
peisLe(*ia\n", word);

} #lae { /* gut this word; get and print the rest of the words in
fuverse order; then print this word .
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Figure 10.7 Trace of reverse_input_words(3) When
the Words Entered are "bits" "and" "bytes"
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Figure 10.8 Sequence of Events for Trace
of reverse_input_words(3)

Call roverse_input_words with n equal to 3.
Sean the first word (*bits*) into word,
Call reverse_input_words with n equal to 2.
Scan the second word ("and"] into word,
Call reverse_input_words with o equal to 1.
Scan the third word (=bytes” ) into word.
Display the third word ("bytes=).
Return from third call.
Display the second word (=and=],
Return from second call.
Display the first word ("bita=),
Return from original call.
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Figure 10.9 Recursive Function multiply with Print
Statements to Create Trace and Output from
multiply(8, 3)

i
Bl - e+ Includes calis to printf to irsce sxecutios *+*
M ¢ rerforss integer mu 4+ operator.

d = an

viplyiint = ine 8
int anas
BB printfivmstering sultiply with = = %, n = Wha%, =, Rl
B

w it fn == 1y

s ann = mp (% wimple cane *f

ks wisn

E ann = m ¢ multiply(m, B = 133 /* cesurnive step *f

p—
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Figure 10.9 Recursive Function multiply with Print
Statements to Create Trace and Output from
multiply(8, 3) (contd)

‘2 printf{*multiply(id, Vd) returning Wdis®, m, n, ans):

-

. setusn (ans)i

K

BB ntering maltiply withm = %, n =3
{ Entaring sultiply with s =
i% Enterieg sultiply withm = 8, p= ¢
{ =ultiply(d, 1) returning 8

multiply(s, 3) returning 14

BE wiitipiy(s, 3) returning 34

Rl
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Figure 10.10 Recursive factorial Function

* Compute nl using & cecursive definition

LELECE e

tactorialgint nj
1

v it ans;

| | LE {n == 0)

o slew

@ 60 = i » fasteclalin - 17

5 Eeturn (ana))

L
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Figure 10.11 Trace of fact = factorial(3);
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Figure 10.12 lIterative Function factorial

- gl
a
(L9 int L, % local varisbles */
|8 preduct = 13
/+ Compute the preduct n ® (A1) ¥ (n-2} X . m 23 L 0f
for (he=m L1 —-i) |
produst = produst = i;

/% Returm function result *f
Faturn (produstl
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Figure 10.14 Program Using Recursive
Function gcd
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Bl - Stapiers the grestest cemscn diviser of twv Jutedess
|22 Iinclite <atdio.bs

I = pind
N s

int amey

Bf qm % n o= 0}
anm = m

ann = godim, = 4 0l

returm (anajy
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Figure 10.13 Recursive Function fibonacci
i -
}fﬂ naced )
,Ir% ! int ana;
é Il!n-—l‘JIIn--h
P
Figure 10.14 Program Using Recursive
Function gcd (cont'd)
ErimE{-ThelL prastors sommen divisce 4n M, gediad, )11
trk o ;:.:u“ h‘t:.i. --p-rT;-d by & spacer 24 N4
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Figure 10.15 Recursive Function to Extract
Capital Letters from a String

* Forms a string containing all the capital letters found in the input
* parsmeter mir.
* Pre: caps bas sufficlent space to stors all caps in str plus the mull

o
ehar *
find_capsichar "caps, /* cutgus - srring of all caps found in sur

conae ehar *atz) /0 Input - sbring frém vhich to extract cags "

t
char restcaps|STRSIZ); /* caps from reststr ¢/

£ (mtr(0] == *\0')
caps[0] = '\8'7 /% no letters in str => no caps in st “t
wisn
il (iwupper(strio]))
sprintticaps, "Vela, str[9], Lind_capairestosps, striil}le
wlse
find capsicaps, atr(1])

feturs (caps);
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Figure 10.16 Trace of Call to Recursive
Function find_cap
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Figure 10.17 Sequence of Events for Trace
of Call to find_caps from printf Statements

Call imd_cape with b ot =Saso® b detorsiie vabue o it
St *3° bn i capital better,
prepiare o wse speiatd to buikd a st with 3
stul the resalt of calling £ind_capa with ingut sngamsent *odo®.
Sinew *o* s not 4 eapital lette
call £ind_caps with input asgumer *5a”,
Stnce +3° b a capital bettor,
e fo e mprint£ o build a string with +¢
anel the posult oF callisng £1na_caps with imjut ansment =o=
i s et w csipital beties,
cul £and_capn with s angment =+
Hi

printt combining *3* s =3=
riginal 1=
Complote call t0 prints to jrint Capital latters in JoJo are 33,
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Figure 10.18 Trace of Selection Sort

n = size of unsored subarray

final sorted
array
Switch Switch Switch
45, 15 34, 23 15, 23
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Figure 10.19
Recursive
Selection
Sort
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Figure 10.19 Recursive Selection Sort (cont'd)

MW vold
BT select_sorriint areay(l, APUL/OUtPaE - AFTAY Lo BOFL ]
1. int n fiput - pusbar of arcay alemsnts Lo sert
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o )
y

Copyright ©2004 Pearson Addison-Wesley. Al rights reserved. 10-23

e

Figure 10.20 Recursive Set Operations on
Sets Represented as Character Strings

Sinclude nrdio.be
Vinclude datring ke
Vinclude sctype.te

Pdafine FALEE @

wolil prist_vith cemsaniootat char *atr]y

wold prist_set{coest char *mst])
char ‘get_ast{char *astiy
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Figure 10.20
Recursive

Set Operations
on Sets
Represented
as Character
Strings (cont'd)
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Figure 10.20
Recursive

Set Operations
on Sets
Represented
as Character
Strings (cont'd)
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Figure 10.20 B
Recursive 8
Set Operations
on Sets B
Represented g
as Character B
Strings (cont'd)
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Figure 10.20 Recursive Set Operations on
Sets Represented as Character Strings (cont'd)

putohar(*{" 11
if (1in_smpry(sat))

print_with_commas(set};
putchar(®} '}

got_set{char *sst] /4 output - set string without brackets {} -
ohar inset|SETSIZ|;

scanf(®Va®, Lnset;

srrncpyiset, simset{l], strleniinssc) - 23
sstfareleninast) - 2] = "A0°;

Eaturn sat);
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Figure 10.20 H
Recursive = i
Set Operations &
on Sets z
Represented g
as Character -
Strings (contd) &
e ===
Figure 10.21 Towers of Hanoi
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Figure 10.22 Towers of Hanoi After Steps 1
and 2
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Figure 10.24 Recursive Function tower

mun

TATE R IR
printf{*Nove disk | from peg Ve to peg Veln®, from peg. to_pegls
1 elae f
owmr from_peg, aux_peg, to_peg. 8 - 111
printf{*Nove disk 40 from peg Vo to peg Ve\n". m. from_pes. to_pegli
Rowur{aux_peg, to_peg. from ped. m - 1)1
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Figure 10.26 Output Generated by tower
(IAI’ ICI’ IBI’ 3);

Move disk 2 from A to B

Move disk 3 from A to C
Move disk 2 from B to C
Move disk 1 from A to C
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Figure 10.23 Towers of Hanoi After Steps 1,
2,3.1,and 3.2
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Figure 10.25 Trace of tower ('A', 'C', 'B', 3);
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Figure 10.27 Grid with Three Blobs
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