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asels), OF so-called base case(s). IF the

i s H [ C
* Arecursive function knows how to solve only the o ply recurns 3 result.

function is called with a base case (p- 254), the funcdion sifm . ically divides the problem

* Ifthe function is called with 2 more complex problem, the FtlnTtlunlEI;o and a piece thar it does
into two conceptual picces—a picce that the function knows i must resemble the original
not know how to do. To make recursion feasible, the lacter plece

problem, bur be a slighdy simpler or slightly smaller version of it.

: nve

* For recursion to terminate, the sequence of recursive calls (p. 254 e O d Tong long) on some
. 3 e

* C++11'sunsigned Tong Tong int type (which can be ahb.—gwlaﬁ'd ﬂ;”}': Tafhﬂld numbers as large

systems enables you to store values in at least 8 bytes (64 bits) whic

as 1‘8:4461 ?441{]?3,?Wr5‘ 5‘ I 561 5.-

rge on the base case,

Section 6.19 Example Using Recursion: Fibonacci Series
* The ratio of successive Fibonacci numbers converges on a constant
ber frequently occurs in nature and has been called the golden ratio or

value of 1.618.... This num-
the golden mean (p. 257).

Section 6.20 Recursion vs. Iteration e p o
* lreration and recursion are similar: both are based on a control statement, m,‘m O e
volve a termination test, gradually approach termination and can occur infinitely.

* Recursion repeatedly invokes the mechanism, and overhead, of function calls. This can be expen-
sive in both processor time and memory space. Each recursive call (p. 254) causes another copy
of the function’s variables to be created; this can consume considerable memory.

Self-Review Exercises

6.1 Answer cach of the following:

a) Program components in C++ are called and

b) A function is invoked with a(n)

) Avariable known only within the function in which it's defined is called a(n)

d) The __ statement in a called function passes the value of an ex pression back to

the calling function.

¢) The keyword is used in a function header to indicate thar a function does not
return a value or to indicate that a function conrains no parameters.

f) Anidentifier’s is the portion of the program in which the identifier can be used.

g) The three “":'la}fs to return control from a called funcrion to g caller are

Aan .
h) Aln) ____ allows the compiler to check ¢
: ments passed to a function, ’ he number, types and order of the argu-

i) Funcrion ___ is used to produce random numbers,

i} Function is used 1o set the random- .

J uence generated by function rand, number seed to randomize the number

k) A variable dr.clar?d oul:sfiudc any block or function js al

local variable in a funcrion ini

! igiliclamd : (0 ferain its value between calls g the function, it must

m) A function that calls itself eicher directly or indirectly (
isaln) _______ function.

n) A recursive function typically has two com
recursion to terminate by testing for a(n) 3 Provides a means for the
lem as a recursive call for a slighd:.,- SimPIf_T-PTI';]I;Em t;-‘. and one Ehat expresses the pmb—

o) It's possible to have various functions with the an the original ¢all.

types or numbers of arguments. This is cafled funsz:?;i name that operate on different

n)

e, through another function)

POnents—one thay
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p) The__  .n ables access

current scope,
q] Tﬁf____ﬁ__,
r) A function

different dacg types.

to a global variable with the same name as a variable in the

qualifier is used ro declare read-only variables. |
enables a single function to be defined to perform a task on many

6.2  For the program in Fig. 6.30
each of the following i:h:lrm:m;s:g b B i

a) The variable x jn main,

i
a . K 3 r
b} The vanal::l-: ¥ in function cube’s definition, 5
¢) The function cube, 1
d} The function main,
e} The function prototype for cube,
i /S Exercise 6.2: exlE_02.cpp o I . - -
2 #include <iostreams !
1 using namespace std: |
; f
5 int cube(int yv): // function prototype
i
T int main() { .;1
B int x{u}; '
] "!;
0 for (¢ = (3 % <= 10; x4+) { // loop 10 times l
1" cout << cube(x) << end); // calculate cube of x and output results %]
iz } 4
13} -
4 ;
15 /S definition of functien cube i
18 int cubelint y) { 15
IT return ¥ * y * y; ]
8}

Fig. 6.30 | Program for Exercise 6.2

6.3 Write a program that tests whether the examples of the math library function calls shown
in Fig. 6.2 actually produce the indicated resules.

ol
|
1
L
6.4 Give the function header for cach of the following functions: | i
a) Function hypotenuse that takes two double-precision, floating-point arguments, side1 1
and sidez, and returns a double-precision, floating-point result.
b) Function smallest that takes three integers, x, y and z, and returns an integer. %
¢) Function instructions that does not receive any arguments and does not return a val- !
ue. [Note: Such functions are commonly used to display instructions to a user.]
d) Function intToDouble that takes an integer argument, number, and returns a double-

precision, floating-point result.

6.5  Give the function prototype (without parameter names) for each of the following;

a) The function described in Exercise 6.4(a).

b} The function described in Exercise 6.4(b).

¢} The function described in Exercise f.4(c). |

d) The function described in Exercise 6.4(d). 1
6.6  Write a declaration for double-precision, floating-point variable Tastval that should retain ‘
its value berween calls to the function in which it's defined. ; .!
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- ents, and explain how the error(s)
6.7 Find the error(s) in each of the following prog™™ segme
can be corrected (see also Exercise 6.46):

a) void gQ) {

£ endl;
cout << lotin
void hQ) { < endl;
cout << I
}
}
b) int sum(int x, int y) {
int result{};
result = x + ¥;
} ;
E] int sum(int n) { // assume n 15 nonnegative
if (0 == )
return (i ;
else
n o+ sumin - !};
}
d) void f(double a); {
float a;
cout << a << endl;
}
e} void product() {
int afl};
int b{0i};
int c{0};
cout << "Enter threeo intenors H
cin »> a »>> b »» ¢
int result{a * b * c};
cout << "fesult it U e pesult;
return result;
}

6.8 Why would a function prototype contain a Parameter type declaration such as double&?
6.9 (True/False) All arguments to function calls in Cs. are passed by val
ue.

6.10  Write a complete program that prompts the user for the radius of a sphere, and calculates
i cu

and prints the volume of that sphere, Use an Vs s
of the following expression: (1.0 /3 0 #3141 f N:‘;"::i;sphere\.'ﬂ'!ume that returns the result
us, 1)),

Answers to Self-Review Exercises

6.1 a) Runctions, classes. b) ﬁ]]‘“‘xinn call

g) return;, return EXpression;; or encounger the ::1:;;10“1. variable,
totype. i) rand. j) srand. k) global, |) static. m) poc ng_ right brace o
resolution operator (::). q) const, ) templare ursive. n) bage,

6.2  a) block scope. b) block sco

d) return. ¢) void. scope.
fa function. h) function pro-
o) nvcrlondjng. p) unary scope
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6.3 See the fol]w-'ing program:

271

1/ Exercise 6.3; ex06_03.cpp
/# Testing the math .
: #include <iostreams Tihrary functions.
4 #include <iomanip>
5 #include <cmaths
§ Using namespace std;
T
F:) int H'Ia‘il'“::' {
’ cout << fixed <« setprecision(l);
1o
I COUt << "SQri(” << 9.0 cc iy W Sqr(9.0);
12 COUT << "“nexp(" e 1.0 ec ™y = * e El!tpl"e:'i;‘iunihj
13 < FKD(IH) =< “l"'.!'.lﬂkﬁ{_” L SEtFIN!EiS-'iDn(l} << 2.0
14 o :‘: }”: ) "‘{" Setprecision(6) << exp(Z.0);
15 ut << "\nlog(" << 2.7182 "y o ow
i o 10-;(?..??3232) B282 << ™) << setprecision(l)
" << \nlog(" << setprecision(6) << 7.389056 << "} -
T << setprecision(l) << log(7 . 339056) ;
9 COUt << \nlogll(” << 10.0 << ") = " <« Togl0(Lo.0)
20 << "An1ogll(” << 100.0 <c ™) = " ex loglO(100.0)
21 cout << "\nfabs(" << 5.1 << ™ " << fabs(5.13
72 << "\nfabs(" << 0.0 €2 ") = " ou fabs{D.0)
23 << "\nfabs(” << -8.76 << ") = " << fabs(-B.76);
24 cout << "nceil(" << 9.2 << ") = " << ceil(¥.2)
25 << "vneeil (" < -9.8 < ") = " e ceil(-9.8):
26 cout << "\nfloor(” << 9.2 << ") = " << floor(9.2)
T << "vafloor(" << -9.8 << ") = " << floor(-9.8);
28 cout <= "npow(" <2 2.0 <M, " 22 7.0 22 ") ="
9 << pow(2.0, 7.0) << "\npow("” << 9.0 <", "
30 < 0.5 << ") = " 2< pow(®.0, 0.5);
3 cout << setprecision(3) << “\nfmod("
iz ce 2 b e, " w2l ") 2"
n << fmod(2 .6, 1.2) << setprecision(l);
14 cout << nsin(" <2< 0.0 << ") = " << 5in{0.0);
15 cout << "neos(” << 0.0 << ") = 7 << cos(D.0);
36 cout << "‘\ntan(" << 0.0 << ") = " << tan{0.0) << endl;
-+ S

sqre(9.0) = 3.0
exp(1.0) = 2.718282
exp(2.0) = 7.389056
log(2.718282) = 1.0
log(7.389056) = 2.0
log10(10.0) = 1.0
Togl0(100.0) = 2.0
fabs(5.1) = 5.1
fahs{ﬂqu] - ﬂ.u
fabs(-8.8) = 8.8
ceil(9.2) = 10.0
ceil(-9.8) = -9.0
floor(9.2) = 9.0
floor(-9.8) = -10.0
pow(2.0, 7.0) = 128.0
pow(9.0, 0.5) = 3.0
fmod(2.600, 1.200) = 0.200
$in(0.0) = 0.0
Cos(0.0) = 1.0
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ide?)
: double 51
6.4 ) double hypotenuse(double s1ur1~=.-1-IJ
! a '8 u :
b) int smallest(int X. int ¥ 0
id 1 jons()
C] void instructions . ;
d) double intToDouble{int number)
doubled;

6.5 a) double hypnteﬂusﬂdnub]ll.‘- ;
b} int smallest(int, int, int):
¢) void instructions(};

d) double intToDouble(int}:

6.6 static double lastval;

ion h is defined in function g. N
= B g:::r::::-cﬁxw the definition of h out of the definition of g.
‘ reger, but does not.

g nction is supposed to return an in :
¥ g:;;crz:: [ﬁllacc a rEturnPf::I.ﬂ t; statement at the end of the ﬁ-’«“‘-?“ﬂ'ﬂ s body or delete
variable result and place the following statement in the function:

return X + ¥;

¢} Error: The result of n + sum(n - 1) is not returned; sum returns an improper result,
Correction: Rewrite the statement in the else clause as

return n + sumln - );

d) Errors: Semicolon after the right parenthesis that encloses the parameter list, and re-
defining the parameter a in the function definition.
Corrections: Delete the semicolon after the right parenthesis of the parameter list, and
delete the declaration float a;.

¢) Error: The function returns a value when it isn't supposed 1o,
Correction: Eliminate the return statement or change the return type,

6.8 This creates a reference parameter of type “reference i )
i o to double” th
to modify the original variable in the calling function, e” that enables the function

6.9 False. Ca+ enables by- -
% Cliipoer 8, pass-by-reference using reference parameters (and pointers, as we discuss

6.10 See the ﬁ}]]uw;ng program:

I EXEFETSE 6.10 Solution: exd6 10 cpp T T
f{ Inline fun:tian that ca]cu]afes the vol
#include <iostreams volume of a sphere.

#include <cmaths
using namespace std;

const double ¢} {: 14159%; 4 .
3 1 .l"' dEanE g1ﬂb
al constan
t PI

L B BT T .

// calculates volume of

;i a

e inline double 5ﬂherevu‘|um sphere
Fl w

T return 4.0 i.0 * rad

i 5 / Pow(radi, sy A

13

14 int maing) {

Is £ prompt user fo i

16 cout << | r rladw_r,

i7 double radiusValye.

18 €in >> radiusy 1 : i :

- aluve; sr input radiys x
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/4 use radius

20 Value e
21 COUt << ! té.f:i,‘_‘l.u_l-la'te volume of sphere and display result
' < << sph ek << radiusvalue

B P Er'e‘n.l'ﬂ-'lurn-etr'amus.'l.ra'ruej << endl:

Exercises

6.11  Show the value of x afier each of th

a) x = fabs( . ¢ following statements is performed:

b) x = floor( " 5,
c) x = fabs(:.1);
d) x = ceil(r. ),
L') x = fabs(-&. )
) x = ceil( e 3;
gl x = ceil(-fabs( 3 + floor( 1))

6.12 fpm*mg G&"”E"’J A Pafking garage charges a $20.00 minimum fee to park for up to three

hours. The EATEgr charges an additional $5.00 per hour for each hour or part theresf in excess of three
hours. The maximum charge for any given 24-hour period is $50.00. Assume that no car parks for
longer than 24 hours at a time. Write a program that calculates and prints the parking charges for each
of three customers who parked their cars in this garage yesterday. You should enter the hours parked
for cach customer. Your program should print the results in a near tabular format and should calculate
and print the total of yesterday’s receipts. The program should use the function calculateCharges to
determine the charge for each customer. Your outpurs should appear in the following format:

Car Hours Charge
1 1.5 20.00
2 4.0 25.00
3 24.0 50.00
TOTAL 29.5 95.50

6.13  (Rounding Numbers) An application of function floor is rounding a value to the nearest
integer. The statement

y = floor(x + © J;

rounds the number x to the nearest integer and assigns the result to y. Write a program that reads
several numbers and uses the preceding statement to round each of these numbers to the nearest
in[eggr_ For each number proce;ssed, pn'nt both the ariginal number and the rounded number.

6.14  (Rounding Numbers) Function floor can be used to round a number to a specific decimal
place. The statement

y = floor(x * 10+ 09 /1
rounds x to the tenths position (the first position to the right of the decimal point). The statement

y = floor{x * 14 + ¢ A WA
rounds x to the hundredths position (the second position to the right of the decimal point). Write
a program that defines four functions to round a number x in various ways:

a) roundToInteger(number)

b) roundToTenths(numbe r)
c) roundT oHundredths (number)

d) roundToThousandths {number)

B N i T L < P e Ao . &, o (e el oL o

A T
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¢ the original value, the number rounded o}

hould prin the number rounded to the nearest |

am s
For cach value read, your me::;m the nearest tenth,
the number rounded 1 thousandth.

to the nearest _ -
¢ each of the following questions:

i }
numbers “at random!?

ful for simularing gam
using sran

nearest INCEEET,

dredth and the number rounded

6.15 (Short-Answer Questions) Answe
a) What does it mean to choose

b) Why is the rand function us¢ »

¢} Why would you randomize a program y
desirable not to randomize? . :

d) ‘Hﬁ:;’is ?[IDFn:n necessary to scale or shift the va[_ucs Emducad Eﬂ ran;;l_ -

¢) Why is computerized simulation of real-world situations a userul technique: |

6.16  (Random Numbers) Write statements that assign random integers to the variable » in

following ranges: £
a) 1Sng?2 4
bl 1< » <100 '
¢ D=n=9
d) 1000 < n < 1112
) =1 £n=] 3
)l 3<sns1l
6.17  (Random Numbers) Write a single statement that prints a number at random from each,g
the following sets: :
a) 2,4,6,8 10.
b) 3,579 11
c) 6,10,14, 18, 22,

6.18  (Exponentiation) Write a function integerPower
buase Sponent

For example, integerPower(3, 4) -
integer and chat base is an integer,

es of chance? ;
d? Under what circumstanceg

(base, exponent) thar returns the value '=_

3"3*31

3. Assume that exponent is a positive, nonzefg
ath library funcrions, .'

3.0 4.0
. 5.0 12.0
8.0 15.0

6.20  (Multiples) Wripe funcyj

second is a multiple of the fi ﬁ:ﬂl

N TsMuly;
: Ple ¢ .
the second is a mulyj na determineg for 3

I ¢ functigp,
series of pairs of inrcgpefsuf the fes, false u:ljazl.:u“l:ld two inttgu-
6.21  (Even Numpery I 15¢ Use this ﬁlm‘.r_i.;:‘-rg-I'Im"-“':s and return €rue 7y
to function isven, whiij-Lw' N In a program chat inputs &}

tunction should take an jp,

Pair of integers whether the§

i Stti . ;
Nder ﬁﬁflngcg: Lo
Mentang | Ator g d:.'te:n-.im: mhﬂ'“d Passes them one at a GmMe

n . W : 5
true if the intege, ;ﬂ:r i I:im?ﬁcr 1s evefl.
n and false otherwi%

g argy,
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6.22 'f_&;‘fm"" of Asterisks) Wrire 4 function
square of asterisks whose side is specified in
function displays the Follﬂwin.g:

that displays ar the left margin of the screen a solid
integer parameter side. For example, if side is 4, the

6.23  (Square of Any Character) Modify the function created in Exercise 6.22 to form the square

out of whalt‘w.‘rrcharacmr is _col'lminEd in character parameter fi11Character. Thus, if side is 5 and
fillcharacter is #, then this function should print the following:

sRand
FRERR
FRERR
Tl
FFTTY

6.24  (Separating Digits) Write program segments that accomplish each of the following:
a) Calculare the integer pare of the quotient when integer a is divided by integer b.
b} Calculare the integer remainder when integer a is divided by integer b.
¢) Use the program pieces developed in (a) and (b} to write 2 function chat inpurs an in-
teger berween 1 and 32767 and prints it as a series of digits, each pair of which is sepa-
rated by two spaces. For example, the integer 4562 should print as follows:

6.25  (Calculating Number of Seconds) Write a function thar takes the time as three integer ar-
cuments (hours, minutes and seconds) and returns the number of seconds since the last time the
clock “struck 12.7 Use this function to caleulate the amount of time in seconds between two times,

both of which are within one 12-hour cycle of the clock.

6.26  (Celsius and Fabvenbeit Temperatures) Implement the following integer functions:
a) Function celsius remurns the Celsius equivalent of a Fahrenheit temperarure.

b) Function fahrenheit returns the Fahrenheit equivalent of a Celsius temperature.

o) Use these functions to write a program that prints charts showing the Fahrenheir equiv-
alents of all Celsius temperatures from 0 to 100 dtgreesl. and the &ISI"'.H equivalents of
Il Fahrenheit temperatures from 32 to 212 degrees. Print the outputs in a neat tabular
format that minimizes the number of lines of output while remaining readable.

Write a program that inputs three double-precision, floating-point

6.27  (Find the Minimum) function that returns the smallest number.

numbers and passes them o 2

: r i said to be a perfect number if the sum of its divisors, includ-
::? thiﬁf:lmmm’] to the number. Fﬂ:lr:xunpic. G is a perfect number, be-
cause 6 = 1 + 2 + 3. Write a function isperfect that dcr.er.mmts Whtfhn PUAMCIEE smbier s e
pcr.H:r;: e Us:: s ion in a program that determines and prints all the perfect numbers
W I[I-DU' [lrjntlmd'ltmdll' :v'HoﬂﬂFﬂ‘:h perfect |::u.|nb1:l to confirm that the number is indeed
pe rr'::nf.? ht::l-:ngc the power of your computer IR gen o it ligian. 100

i
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.¢ic's divisible by only 1 and itself. For ex.
. : ;
6.29  (Prime Numbers) An integer is said “; [E;:fr::;r.l
ample, 2, 3, 5 and 7 are prime, but 4, 6, 5 1'_' hether a au
a) Write a function that d:l-:nmncah“ S eeriiine
b) Use this function in a program fhat ' mbers do you rea
rween 2 and 10,000, How many of these &
g e thie ol 8 s rth’]i:“'mL:c upper limit for which you must test 1o see
” . 2 st : : :
c)  Inidilly, you might 'hl'r::EI::t ;Uu ﬁmﬂ only go as high as the square _morrzi:‘- Whys
whﬂl?crahnumhr 2 P:L:‘ 4 run it both ways. Estimate the performance improvement.
Rewr rir M, )
6.30  (Reverse ;;E t‘:.ll:ﬁ’::: 4 function that takes an Integer “l.ut and rtl‘:iums rht];?i;lher with
it; digits reversed I:f:r example, given t 631, the function should return 1567

he number 7 : :
6.31  (Greatest Commmon Divisor) The greatest comtmon divior (G} of owo integers 15 the largest
integer that evenly divides each of the numbers.

Write 2 function ged that returns the greatest com-
mon divisor of two integers.

Quali ] ; i i lityPoints that inputs a stu-
6.32 (i Points for Numeric Grades) Write a function gua : i
dent’s average Ed murr{z if a student’s average is 90100, 3 if the average 1s B0-89, 2 if the av-

erage is 70-79, 1 if the average is 60-69 and 0 if the average is lower than 60.

6.33  (Coin Tossing) Write a program that simulares coin tossing. For each toss of the coin, the
program should print Heads or Tails. Let the program toss the coin 100 times and count the num-
ber of times each side of the coin appears. Print the results. The program should call a separate func-
tion f1ip that takes no arguments and returns 0 for tails and 1 for heads. [Nove: If the program
realistically simulares the coin tossing, then each side of the coin should appear approximarely half
the time. ]

6.34  (Guess-the-Number Game) Write a program that plays the game of “guess the number” as

follows: Your program chooses the number to be guessed by selecting an integer at random in the
range 1 1o 1000. The program then displays the following:

-
I'I'bel 1% Pﬂlﬂ .
and prints all the prime numbers be.

Iy have to test before be-

I have a number betwien 1 and 1000,
Cam you guess my Aumber?
Please type your first guess.

I M e S o A S s o A A e R s AT et S R

o

!

o
":{‘:.

The player then rypes a firse guess, The p responds

with one of the followi ng:

|—1. Excellent! You guessed the | - —
Would you Tike to play agat“"?:,e;;. n)?

. Too low. Try again. §

. Too high. Try again,

—

Hd'wplarﬂ’sgnmis INCorrect e =

; » Your program shoyld | .

right. Your program should keep rell: ould loop until the p|

on the correct answer. P telling the Player Tog high or Too 1;“:;13;“{2’ ETS [hc“:n:u::l 1:::
e player

6.35  (Guess-the-Number Game o,

number of edlification) Moq;

e Bt e e g P of B .34 o
the secret!" If the player makes oy oo e Number i 10 r £} ENeF YOu know the se-
better!™ Why should j; take no ore than 1 guesses, th, F'“r then print "Ahah! You know
should be able 1o elimingge half fl]'lm E'-lt&sts' 'l:ﬂl PFIOt "You should be able te 90
be guessed in 10 or fowey ries, e numbeys, Now sllm s with each “good guess” the player

Why any number from 1 1o 1000 can
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6.36  (Recursive F: it i
f rifve bq:ammmrmn) Write

invoked, returns A recursive function power (base, exponent) that, when

IEE"EI( EpaRsmi
For example, power(3, 4) 2 3+ 3+ 3% 3. Assume

. Hine: The recursi
ol T'he recursion Step would use the refag
base PN o boce . base exponens - |

that eXpOnent is an il1|:q.:rr greater than or 4.1.|_li.i]
utlship

and the terminating condition occurs when ex
base! = buse

6.3T  (Fibonacci Series:
from Fig. 6.26,

ponent is equal to 1, because

Trerative Solution) Wrie 4 monrecursive version of the function fibenacci

i fﬁl:iﬂfﬂ ﬂfff#"ﬂﬂ In this chapter, you studied functions that can be casily implemented
bath recursively and teratively, In this excrcise, we present a problem whose recursive solution dem-
onstrates lh_c clegance of recursion, and whose merative solution may not be as apparent.

'I_hu: Towers of Hanoi is one of the most famous classic problems every budding compurer
scientist must grapple with, Legend has it that in a temple in the Far Ease, priests are attempring o
move a stack of golden disks from one diamond peg to another (Fig, 6.31). The initial stack has 64
disks threaded onto one peg and arranged from bottom to top by decreasing size. The priests are
attempting to move the stack from one peg to another under the constraints that exactly one disk is
moved at a time and at no time may a larger disk be placed above a smaller disk. Three pegs are
provided, one being used for temporarily holding disks. Supposedly, the world will end when the
priests complete their task, so there is little incentive for us o facilitate their efforts.

I peg 2 peg 3

—.

it i .

——— r—— .

se with four disks

Fig. 6.31 | Towers of Hanoi for the ca

Let's assume that the priests are attempting to move the disks from peg | 1o peg 3. We wish 1o

. hat prints the precise sequence of peg-to-peg disk transfers.
dew!ﬁpﬁtﬂ :li}r:;hamp;ma:ﬂ chis problem with conventicnal methods, we would rapidly find our-

Ives hopelessly knotted up in managing the disks. Instead, actacking this problem with recursion
;i:;"dﬂglc];rs};hf steps to be simple. Moving # disks can be viewed in terms of moving only n -

1 disks (hence, the recursion), as follows:

o
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2, using peg 3 as temporary holding area, i
a) Move n - 1 disks from peg | 10 P8 = 1 10 peg 3. ;
b) Move the last disk (the largest) boow P8 eg 1 as a temporary holding arey o
M h —ld'kafmmprglmP‘g?"“s'“EPg . b b i2
c) Move the » is Bk mosing e ] disk (i.e., the base case). This rask
The process ends when the last rask involves Py e olding wis Wi : 4}
is a.ccumplighgd I}}' ;impl}r m:wing the disk, without the nec e 0 f nc[iﬂl::] e Emm - Write 5 | :i /
program to solve the Towers of Hanoi problem. Use a recurstve fu P eters: st
a) The number of disks to be moved L s
b) The peg on which these disks are mlfiﬂﬂf :hrcndﬂj I»
¢} The peg to which this stack of disks is to be move :*IJ
d) The peg to be used as a remporary hnidlng_ area . ‘ e
Display the precise instructions for moving the disks from the STArting peg to the ﬁif&llnatiun 23
peg. To move a stack of three disks from peg 1 1o peg 3, the program displays the fﬂ'"ﬂ"ﬂﬂg Mmoves; 24}
1 = 3 (This means move one disk from peg 1 to peg 3.) B
1 = 2 6.44
,13 -+ ; tion il
=3
2= i 6.45
3oy B ' in Fig.
1 = 3 return
]:;?59 I (Towers :Iy'Hm_wf: Iterative Version) Any program that can be implemented recursively can s
imp :_mn:ntcd iteratively, although sometimes with more difficulty and less clarity. T ‘s B o
an iterative version of the Towers of Hanoi. If you succeed, compare : SHLELLY, Aoy witing
recursive version developed in Exercise 6.38, Investioate | , icrf'Ii'*"Irﬁ}]ﬂ'-f"l.ll‘ ltcranvel version with the
ity to demonstrate the correctness of the pl't;gl‘ams Bilte issues of performance, clarity and your abil-
6.40  (Visualizing Recursion) Iv's | : .
P : '_IJ' LS interesting to watch recursion “in action.” Modify the factoria .
A £ to print its local variable and recursive call e
display the outputs on a scparate line and add a level of ; de gk oc:cncl reounivere ’
ourputs clear, interesting and . indentation. Do your urmost to make the !
h E meaningful. Your goal here is to desi - }
mat that helps a person understand recursion better, Yo R a0 implement an - a»
to the many other recursion examples and exercises th rﬂl:.;;hmju?::,: t add such display capabilities ’
?:4; (Recursive Greatest Common Divisor) The - [
the larges intege that cvenly divides both x and y, e - 0" divisor of integers x and yis
greatest common divisor of ¥ and o ¥. Wrire g recy cBe ¥
is x; otherwise, ged(x, y) 7 e recursively ag follg mI;F f:unc[mn ged thar returns the
gorithm, x must be Ial ¥ isged(y, x x y), where % js ¢}, W5 Iy is equal 1o 0, then ged(x, ¥)
rger than y.] ¢ remainder ¢ :
. perator. [Note: For this al- | |
6.42  (Distance Between Points) Wi g, - -!
two points (x1, yi)and (x2, y2). Al| ity TICUON distance thye caleul . !
6.43  Whar does the follow: s and repypp values sh ates the distance berween |
o owing Program do? ould b ofw double. '
I /S Exercise .3,_4:____'_————__
2 // what does this ::g;},:q'c'jp _—_‘_____“————___ |
3 Finclude <i0stream  do? - f
: using namespace std; b
6.47 i
&  dntm
¥ ystery(ing, int); I FI-FI'I{T;]QH, b IE' age as a fi
8 intmain() { Ptotype ' Balance t
5 EUE < st is less thar
I":" int x{ }; Mty v is entered.
o __Er ¥yl t Balance b
R =N ger, print
__"-'—--________q_ the messag
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12 cim »» x 3 ¥: A — S -

:.: ) COUL << =% MYStery(x, y) e endl:
T
ff Parameta iEq
:: int mr::e:;giztm:?t :-:i ;}D?HUW nteger to prevent infinite recursion
I8 if (== b) { // base Case
] return a;
20
71 else { // Fécursion step
22 return a + mystery(a, p - )
23 }
4}

6.44  After you dftt‘rmll'nc what the program of Fxercise 6.43 does, modify the program to func-
ton properly after removi ng the restriction that the second argument be non negative.

6.45  (Math Library Fuﬂcffﬂm) Write a program thar tests as many of the math library functions
in Fig. 6.2 as you can. Exercise each of these funcrions by having your program print out tables of
return values for a diversiry of argument values.

6.46  (Find the Error) Find the error in each of the following program segments and explain how
te correct it

a) float cube( floard; // function prototype

cube( fioat number) { // function definitian
return number * number * number:
}
b) int randomMumber{srand(}}:
€) Float y{12: 4350674};
int x;
X m ¥
COUt << static cast<float=(x) << endl:
d) double square(double number) {
double number{};
return number * number;

}
e} int sum(int n) {
if (1) m= n) {
return ‘L
}
else {
roturn n o+ sum{n);
}
}

6.47  (Craps Game Modification) Modify the craps program of Fig. 6.9 1o allow 'wage_ring_ Pacl:-
age as a function the portion of the program that runs one game of craps. Initialize variable bank-
Balance to 1000 dollars. Prompt the player to enter a wager. Use a while loop 1o check [hlﬂ wager
is less than or equal to bankBalance and, if not, prompe the user to reenter wager _unrt_l a valid wager
is entered. After a correct wager is entered, run one game of craps, If the player wins, increase bank-
Balance by wager and print the new bankBalance. [f the player loses, d“'m':b‘“kﬁ‘ﬂif'ﬂ by wa-
ger, print the new bankBalance, check on whether baskExlmce hias become zero and, if so, print

e message "Sorry. You busted!" As the game progresses, print various Messages to create some

R
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6.48  (Cirele Area) Writea G+ lfﬂurhr area of that circle.

4 harrer” such as "Oh, you're

big. Now's the time to cash in yo radius of a circle, then

he user for the

C4++ program with the two alternage

inline function circleArea o cd
ble count defined in main. They

rite a complete
les the vara
functions are

roaches. 'I'::-';‘:::_JF of count by value, triples the copy and re-
A5 .

¥
6.49  (Pass-by-Vialue vs. f’ﬂ“"’?“ﬁ‘f‘r‘?""fﬁn\%h- wrip
funcrions specified below. each of which simpi)

compare and contrast the two app
) function tripleByvalue thar p

qurns the new value and !
; unt [
b) function tripleByReferance that passes o rh i;sfal
and triples the original value of count throug

6.50  (Unary Scope Resolution Operaror) What's the purpose of the unary scope resolution oper.

ator? | . |
6.51  (Function Template winimun) Writc 3 program that uses a function template called miniaun
o determine the smaller of Two arguments. Test the program UsINg integer, character and ﬂnanng-

point number arguments.
6.52  (Function Template maxisum) Write a program that uses a function template called maximn
1o determine the larger of two arguments. Test the program using integer, character and floating-
point number arguments.
6.53  (Find the Error) Determine whether the following program segments contain errors. For
cach error, explain how it can be corrected. [Nore: For a particular program segment, it's possible

that no errors are plf!t'n!.].
a) template ctypename A

int sum{int numl, int num2, int num3) {
return Auml + NUM2 + PR3

reference via a reference parameer
ias (i.e., the reference parameter),

}
b) woid printResults(int x, int ) {
cout << << K + ¥ €2 w0
return ¥ «+ ¥i
¥

C) template cfs
A productCA numl, A nunZ, A num3) {
return auml * fiumg * num3

¥
d) double cube(int);
int cube(int);
6.54  (Cesll Random Numbers: Modi
. odified Cr, :
the new Ca+11 random-number generation ffa.tﬁz j_l":lr) Mudiﬁr the program of Fig. 6.9 o us
6.55 (Ce+il Scoped enum) Cres WI in Section 6.9.

e A S0y
named SAVINGS, CHECKING and INVESTMENT. ped enum named AcCountType containing constn®
6.56  (Function P}-g.mwﬂ

and a function definition, Definitions) Explain the difference between a function protoryp*

Making a Difference

As computer costs decline,
stance, to have a computer

it becomes feag;
ibl
and use it jn schmf '?I-:t:ww student, regardless of economic €ircu™
“Ieates exciting possibilities for im proving e
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