Assignment 8. Implementing type integer

Due on Tuesday, 4 December, by midnight (submitted electronically). Download class List and a skeleton of
class Bigl nt from theassignment subpage of the cour sewebsite.

Introduction. Asyou know, typesint and long deal
only with a finite set of the integers. In this assign-
ment, we ask you to implement type integer, which
containsall theintegers, in a class Bigint. Thiswill
provide you with amore thorough understanding of
representing integers in different bases. Y ou will use
type Biglnt to do a calculation or two.

Each instance of Biglnt containsan instance of class
List, which contains the unsigned integer. Use our
class List. Also, weprovide askeleton of Bigint,
with al the methods that you need defined in it and
with many methodsfilled in. This simplifies your
task agreat deal.

Maintaining an integer in some base. Let base b be
an integer, 2 <=b. Then a positive integer n can be
written as

n = nb%+n*bt+ ... +n *bl+nxbk
where:
(0) Eachn, satisfiesO<=n, <b
(1) The high-order digit n, isnot0
The integer 0 isrepresented by 0*bC, or 0.

For example, theinteger 341 in decimal is
341 =1*10° + 410 + 3*P?
Here, kis 2.

Comparing integers. Given the base b represen-
tations of nonnegative m and n, the expressionn < m
can be evaluated as follows. If oneis longer than the
other, the shorter oneis smaller. Otherwise, compare
n, and my , then n, and m;, thenn, and m, , etc,; at
each step, maintain a variable d that is-1, 0, or 1,
depending on whether the part of n that has been
compared thus far is less than, equal to, or greater
than the part of mthat hasbeen compared.

Addition. Addition in base b isjust likeadditionin
base 10, e.g. we evaluate 5432+649 as shown below,
where thetop linerepresents the carry fromthe
previous (lower-order) digit.

0101 (thisisthe carry)
5432
+ 649 DONE IN BASE 10
6081

Thus, 2+9 = 11, which is treated as1 with acarry of
1

Then, 1+3+4 =8, which is treated as 8 with a carry
of 0.

Then, 0+4+6 = 10, whichis treated as O with a carry
of 1.

Then, 1+5=6, which is treated as 6 with a carry of 0.

Note that the digits are processed from low order to
high order.

When carrying this out in base b, supposethe carry
plus two digits sumsto s. Then the value for that
positionis s¥%b and the carry is g/b.

Subtraction. Subtraction of nonegative integers is
similar. Here, we always subtract the larger integer
from the smaller, so that a nonnegative integer
results. This requires comparing the integers before
doing the subtraction. And, when subtracting, there
may bea*carry” of -1, as shown below.

-1-1-1 (thisisthe carry)
5432

-_629 DONE IN BASE 10
47083

For a particular position, suppose the carry plus the
first digit minus the second digit is s. If s>=0, then
the value for that positionis s and the carry is 0. If
s<0, then the value for tha position is stb (where b
is thebase) and thecarry is-1.

The carry from the high-order position is aways 0,
because the smaller integer is subtracted from the
larger one.

There isoften anead to eliminate leading 0's. For
example, using the scheme above, 5000-4999 =
0001, and this hasto be changed to 1.



ClassList. We useclass List from the previous as-
signment. Use our version (from the course web site),
because we have added some methods to it (e.g.
size()). Before you begin, become familiar with the
methods in class List and their specifications.

Class Bigl nt. Before you implement anything, read
the rest of this handout completely! Then, when
writing eech method, CHECK IT THOROUGHLY,
USING ENOUGH TEST CASES TO BE SURE
THAT IT ISCORRECT! Thisis the only way to deal
with such a programming task.

Note: amethod that returnsa Biglnt should always
produce anew instance of Bigint. It should NOT
change the Biglntsthat are input to it. The user should
be ableto rely on inputs to functions not being
changed!

Look at the beginning of class Bigint. BASE is the
base that is being used, sign gives thesign of the
integer, and bigint is the unsigned integer itself. Read
the description of these variables carefully. Since each
digit of anumber is stored as anint, the BASE is
restricted to Short values so that no overflow can
occur --because we provide multiplication,
BASE*BASE hasto be anint.

When testing your work, use base 10 at first, so that
you can seethe output nicely. Thentry itin smaller
and larger bases.

Make use of method toStringBA SE to print resultsfor
yourself. It does not rely on any of the methods that
you are writing.

Method Biglnt.toString may not work properly until
you have implemented some of your methods.

WATCH OUT. We spent an hour looking for the
mistakein

if (thissign = b.sign)

This compiled, even though the = should have been
==. Bvaluation of the if condition storesb.signin
this.sign and then yields the value of this.sign.
Horriblel

Note: Although (most) integers are kept in base
BASE, there will be a needin one place to keep an
integer in a different base. That iswhy method encode
has a parameter.

The constructors and fundion encode. We give you
these, so you can have an idea of what the methods
that ded with integers look like. Method encode
implements an dgorithm that we have seen onan
assignment. STUDY IT.

1. Method equals. Write (and test) this method.

2. Methods less. Write static method less.We give you
instance method less, so that you have anidea how
signs of integers are treated.

3. Method negate. Writethe body of method negate.
Remember, don’t change the Bigint that it (implicitly)
works with; create anew one andfill inits signand
bigint fields. Also, remember that a Bigint thatisO
must havetruefor itssign.

4. Static method add. Write static method add, which
adds two unsigned integers (represented as Lists) ad
produces theresult inathird List. Make use of the
conventional way of adding, asdescribed earlier.

Don’'t go onto the next step until you are positive that
add is correct. You can test this method by makingit
public (temporarily) and calling it from your method
main with suitable arguments. Be sureto makeit
private when you are finished.

To helpyou out, we have included the invariant for
the first loop of our algorithm, which processes the
two lists that represent theintegers until one of them
becomes empty.. You don’t have to usethe ideagiven
by thisinvariant if you don’t want. But, IF YOU
DON'T USE THISINVARIANT, DELETEIT!

5. Instance method add. Write instance method add.
Depending onwhether the signs of thisand b arethe
same or different and on which is larger, it will have
to call add(thishigint, b.bigint), subtract(this.bigint,
b.bigint), or subtract(b.bigint, this.bigint). Thecalls on
subtract will not work properly because you haven't
written subtract. So at this point, you can test this
method only on integers with the samesign.

6. Static method subtract. Write static method sub-
tract. As with add, we givean invariant, whichyou
can use ORDELETE. Note also the last statement;
knowing tha you will generally forget to remove
leading zeros from the result, we have done it for you.

7. Instance method subtract. Write instance method
subtract. As with add, whether you call static methods
add or subtract dependson the sign of the operands.
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Using Bigint We haveimplemented muitiplication
and a simplified version of division:

[** Storein g the quotient when thisis divided by y
and return the remander.
Precondition (1): 0 <y < BASE.
Precondition (2): this> 0.
Precondition (3): q is nonnull and adifferent
folder fromthisandy. */
publicint division(int y, Bigint g)

This method cal cul ates the quotient and remander
when thisinteger is divided by y, but only if y isless
than BASE. Use this method only when you areusing
a big enough base. The biggest base you can useis
Short. MAX_VALUE. The aboveis for your
information only; you don’t need to useit.

(a) Using Bigl nt. Below is a conventional method for
calculating factorial n. Change it so that it returns
factorial n as aBiglInt, instead of anint, and putit in
class Biglnt. Its name should be fact, and variables n
and int should beints; only x should beaBigint.

/I =factoria n (for 0 <= n)
public static int fact(int n) {
if (n<=1)
{ returnn; }
intx=2inti=2;
/l'invaiant: 2<=i<=n and x =factorial i
while (i '=n) {
i=i+1;
X= X*i;
}

return x;

}

After you have tested method fadt, use it to find out

thefirstinteger n, call it N, for which fact(n) can not
be represented as a value of typelong.Thiswill give
you afeel for when typelong is no longer adequate.

How many digitsina BASE does it takes to represent
fact(N)? Tofind out, run the program to print:

fact(N).numberDigits()

Run it 3 times, once using BASE 2, once using BASE
10, and once using BASE Short. MAX_VALUE, each
time printing the value of the expression show above

Include the value N and thethree lengthsin a
comment in the specification of method fact, so we
can see that you have done this task.

(b) Using Bigl nt. Below is a method to cdculate
Fibonnaci(n). Change it sothat it returnsitsresult asa
BiglInt, instead of anint, and putit in class Bigint. Its
name should be Fib, and variables n and k should be
ints; only b and c should be Biglnts.

/I = Fibonacd number n (for n>=0).
/I Note:Fib(0) =0, Fib(1) = 1,
/I Fib(n) =Fib(n-1) + Fib(n-1) for n>=2
public staticint Fib(int n) {
if (n<=1)
returnn;
intb=0
intc=1;
int k=1,
/linv: 1 <=k <=nand c= Fib(k) and b = Fib(k-1)
while (k !=n) {
temp= b+c;
b=c;
C= temp;
k= k+1;
}

returnc;

}

After you have tested it. useyour programto calcuate
fib(200).

Include the value fib(200) and the number of digitsit
takestorepresent itin base Short MAX_VALUE asa
comment in the specification of method Fib, so we
can see that you have done this task.

What to hand in. Please submit your assignment
electronically, Submit only method Biglnt; that' s all
we need. Remember: the comments on methods fact
and Fib have to contain some information. (Seea
description of tasks (a) and (b) onthis page).

IMPORTANT NOTE. Recognizing that you may
have difficulty with time, only 10 points will be given
for the two subtract methods. Therefore, you can
leave these undone and still get 90/100. Tasks (8 and
(b), presented on this page, do not require subtraction.



