ClV 201
COMPUTER METHODS FOR PROBLEM SOLVING

Lecture 9
Call-by-Vaue and Recursion

Balso

“Just a darn minute! Yesterday you said X equals two!”’

(C) Robert J. Vanderbei, Princeton University



Hints on Programming

e Don’'t wait until the last day to start.

« Compile on your local machine. Use elmo, zoe, etc.
only if you must -- they are busy machines.

e Develop incrementally. Start with aworking program.
Make small changes. Check that the program still works.
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Examples of incremental development

» Come prepared, having read the assignment, having read the textbook, having
listened in lecture, having prepared the outline below.
» Copy working versionof | nt egra. j ava forci v20la.
» Add amethod f unc () to evauate afunction. For starters, let the function be
f(x) =x2.
o Cdl func() fromi nt egrat e() withafew choice values and print out
the values computed to make sure f unc () works properly.
» Write codein pai nt () todraw the function defined by f unc() .
 Writeamethod r ect () to compute the area using the rectangle rule. Put a
call tothismethodini ntegrate() .UseSystem out. printlnto
print out the answer. Runwithl owx = 0,high x = 1,n = 1. Compare
this answer against a hand calculation. Try some other simple cases.
 Make anew method calledtrap() . Copythecodeinrect () totrap().
Modify the code just copied so that it implements the trapezoida rule. Test as
above.
* Add codeto pai nt () toillustrate the approximating rectangles. Test with
small values of n.
* Add codeto pai nt () toillustrate the approximating trapezoids. Test with
small values of n.
» Change function implemented inf unc() to the complicated exponentid
function given in the assignment. 3




Call-by-Value

Can a method change the data in its argument list?

Theninmai nis

public class Call ByVal ue

Thevdueof nin

Set ToSi x isinitially
set to the vaue of the
corresponding variable
on the argument list in
the method from which

public static void

L
I nt n;
n = 37;

String[]

Systemout. println(“before: n

Set ToSi x(n);

Systemout. println(“after: n

the call originated. In }

this case 37.

static void SetToSi x(int

{

n) /

args)

local to mai n.

Thenin
Set ToSi x

‘islocal to
Set ToSi x.

Systemout. println(“inside: n =" + n),;
}
}
Can you guessthe last line of output? | before: n = 37
inside: n = 37
after: n =




What about Global Variables?

Can you guess the output?

public class Call ByVval ue
static int N, /1 a GLOBAL vari abl e
{public static void main(String[] args)
N = 314;
Systemout. println(“N =" + N);
Set ToSi x();
} Systemout. println(“N =" + N);
?tatic voi d Set ToSi x()
N = 6;
} } before: N =
after: N =

The argument list isempty. Would the answer be the same
If N had been passed as an argument?



What about Arrays?

public class Call ByVal ue

?ublic static void main(String[] args)

doubl e[] x = new doubl eBlZ] ,

for (int j=0; j<12; j++) { x[j] =j; }
System out. pri nt “before: x[7] =" + x[7]);
C)(grrputeSquaPe_s(x?; ( L7l L71)
Systemout. printin(“after: x[7] =" + x[7]);
System out. print (“before: x[4] =" + x[4]);
Conput eSgrt ( X[ 4] ? ;

Systemout. println(“after: x[4] =" + x[4]);

}
static void ConputeSquares(double[] ex)

for (int j=0: j<12: E+]+) { What do you think is
)

\ ex[j] = ex[jl*ex[j]; the output this time?
}
?t atic void ConputeSqgrt (doubl e vy) l
y YT Math. sart(y): [pefore: x[7] = after: x[7] =
} before: x[4] = after: x[4] =

Moral: Thevaluethat is copied to the caled method is a pointer,
not the entire pile of stuff to which the pointer points. 6



What about Class Variables?

class Zip

int zip; double lat; double |on; double x; double y;

}
public class Call ByVal ue

?ublic static void main(String[] args)

Zip z;
z = new Zip(); } Z iIsaclass variable.
z.zip = 90210; Butz. zi pisani nt.
z.lat = 34.09;
z.lon = 118. 41;
System out. print (“before: zip =" + z.zip);
SetToPrinceton(z?; _ _
Systemout. printin(“after: zip =" + z.zip);

}

?t atic void SetToPrinceton(zZip zed) And the output is
zed. zi p = 8544, l

} J before: zip = 90210

after: zip

Moral: Classvariables are pointersjust as arrays are. Therefore,
argument passing works the same as it did with arrays. 7



Recur sion

Congsder the factorial function: nl=n" (n-1)"...” 3" 2" 1
The natural way to program it uses the following recursive definition:
Here's the Java program: ni=n" (n- 1) o=1

| nport ccj.*;
public class Factori al
ublic static void main(String[] args)

int n, n_fact;

while (true) { |
n = Console.in. readlnt(“Enter an integer: ");

i f (n<0) break;
n_fact = factorial (n);
\ Systemout. println(“n factorial =" + n_fact);
}
static int factorial (int k)

{
i f (k==0) {return 1;}
el se return k*factorial (k-1);}

}
) :




Digression -- Factorials and I ntegration
Amazing but true;  nl= (‘5 x"e “dx
Can use adlightly modifed | nt egr a. | ava to compute these integrals.

Tetprratinm nf: a e axpd-=ih)
ai [ L | 1 [ L Ths [ 5

Lowr B2 | ) High x ol w2 | L00n

Works even with positive rea numbers and even some negative numbers:

(-1/2)!=p



