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# problemS.txt

# Dan Ports <drkp@mit.edu>

# 6.170 PS2-5, 2004/02/19

# $1d: problem5.txt,v 1.1 2004/02/19 23:05:51 drkp Exp $

The provided implementation of BasicList was tested using the
BasicListTest test suite. The following errors were observed:

testEqualsFalse{) failed:
The comparison (with equals()) of two non-equal BasicLists returned
true. equals() operated correctly when tested on test cases that
should have returned true, and comparisons” to null and objects of
different runtime types. Perhaps mncwWMAv may be returning true for
all comparisons of two BasicLists.

testContains () failed:
The contains() method does :JW\nQHHmnnH< return whether an object is
contained in the list.

testIndexOfNull () failed:
indexOf () threw a NullPointerExcdpfion when checking the index of
null in a BasicList; it should have returned a correct value.

testRemoveReturnvValue() failed:
remove () correctly removed objects from the BasicList, but it did
not return the objects it removed. It returned null instead.

testToArrayOversize() failed:
When called with an array as argument that has more elements than
the list, toArray() should return the same array with the elements
from the list placed in the first spaces followed by a null
element. However, when a BasicList of length 3 was placed in an
array of length S using toArray, the returned array had length 3 --
the length of the BasicList, which is not correct.

~3~

package ps2;

import junit.framework.TestCase;
import junit.framework.Test;
import junit.framework.TestSuite;

public class AllTests extends TestCase {
public static Test suite() ({
TestSuite suite = new TestSuite (RatNumTest.class);
suite.addTest (RatPolyTest.suite());
suite.addTest (RatPolyStackTest.suite());
suite.addTest (new TestSuite(BasicListTest.class));
return suite;

2/28



8¢/e

£(,3qe,)asTIe)ew = T 3ISTIdTsed
}
()ppyase3 proa oriqnd

{

yojeo-A13 yo pus // {

(9 uoT31dedxFIDIUTOJTINN) novuw
! (asTRF)8NILIIOSSE
! (TTNuU)3STIO0TSed MU = T

Pl

f(.oqQe, ‘T)SIASTIIIISSSE

! (80IN0S)3STIDTSed MBU = T

I9q0RIRY) MBU)pPpE 3DINOS

2,)
q,)I830BIRYD MOu)ppe dDIN0S
e,)I970BIRYD MBU)DPPER’9DINOS

P {((3sT1A1dws) sTenba 1) 9anI1LII9SSE

{ (90IN0S)3STIOTSEd MOU = T

{1 asTIoISed

1 ()3sT1AeaIy MeU = 3DINOS IST]
}
() T030013sU0DBIYRUOISIY PTOA otTand

A7310oTTdXx9 3T 3593 03 peadu 3,uop //
am !()sTenbgisan Aq psise3 Apevaire ST T030NnI3sU0D BIe-o019z //

t (()opooysey-1sTIAidue =i ()3podusey’ )donillIssse

i
¢ (()opoousey " ( (.&zzAx,)asTIaxew) =i ()IPODUSEU’ T)SNILIISSSR
1 ( () 2pOJUSeY - ( (.j9paqr, ) ASTIaYeW) =i ()9poJusey’ ) SnILlIesse
1 (()opopusey - ( (.poge,)asTIaxew) =i ()8pODYsey:1)SNILII8SSE

£ ((yapopusey- ( (.9poqr, ) AISTIINeW) ' ()opopuysey- 1) sTenbgizasse
{(,9pogr, )1sTIoyew = T 3STIdTsed

}

() @pooyseH1Isa) proa oTTqnd

{
£ (((wAzZAX.) asTToNqRW) STENDa " T{)9NILIASSSE
£ (((.JoPOqe.) ASTIOxeW) sTenba i) dnILiIdsSSe
“AAA=u2§=vumﬂqumﬁvmanzww.amvmzuhunwmmm
) f((as11h3dua) sTenba * 1i)snIri1Iosse
£ (,9poQe.)3aSTIaNRW = T ISTIDOTSEH

}

()osiedstenbaisal proa oatrgnd

{
(((49poQr, ) ASTIoeW) stenba- 1) dN1LIA3SSE
((T)sTenba" 1)@naLixasse
£(.9poQr, ) ASTIeYeW = T 1ASTIDTSed

}

(yenarstenbdglsel proa oTIqnd

{
uAA=mEbmﬁ:=vam=Um.uqu>uQEwﬂvmsuhuummmm
{ ((TTnu) sTenba-1sTTAIdws | ) @NILIISSSE
asTRy UIN3BI//
sadA3 swrj-uni Isyijo jo sjoafqo pue s329[qO0 TTNU 3eY] 1s93//

f((()asT1oTSed mou) sTenba r 1sT1A1du8) 8NILIISSSE
} AVmmhaumsuocc¢aH:Zmacsvmummu proa orrgnd

f(zd == 1D 'I1§1I1)ONILIIISSE

Tu(u + S + W) + 2O+ LOUL +
190 + wSem(, + T + SDUWIH, = IISATId puTIaS
f(T)avIeyd s = g2 Ieyo
! ()yanTeaxeyd - (0 (z930eaRY))) = ID IRyD
! (I@30eIRYD FOSOUBJSUT O)BNILIASSSE
t(1)386°T = o 2123(qO
}

(++1 {()y3busar-s > T !0 = T JUT) 203

f(()yabusi s == ()@zTs T)8n1LI13sse
}
(s Bbutxas ‘T 1ST1101sed)SIISTI1I8Sse proa ajeatad
*yaom o3 //
spoyjew ()®zTS pue ()386 ay3l sexTnbay ‘sI93oepIRyd po3Idadxe //
ay3 HUTISTT BUTIIS ® 03 SIBIDRIPYD JFO 3sTI0TSeg © @xedwod //

{1 uanlex ¢
{
£(((T)avaeyo  I13s) I@300IYD meu)ppe ‘T
(++7 ¢{ (uyabuar-13as > T ‘0 = T 3UT) uow
f()asTIoTsed Meu = T ISTIOTISEd )

(135 BuTa3S)IASTIONEU 1ISTTOTSed ejeatad

-yI10oM 03 poyjsw ()ppe 8y3 saiTnbey //

1s0Ly0vISATOgIRY WoIj suoriouny Iodrdy dYyi uo paseq 7/
BPurizs e ur sIejoeeyd syl BururelUOd 3ISTTOTSEH B SyEUW //

(
}

()asTIexqew 3STIoTSed ejeatad
astIoTseg Ajdus ue axew //

£()2STIDTSEE MSuU UINISI

{

{()3asTIDTSeg MeuU = 3st1A3dws

s3s83 I9Yy3jo I0F pasn-ail//

5q ueo jeyz SoTqeIIeA BZITRTITUT 03 pasn sq Ued poylau styi//
} ()dnaos proa oTTqnd

t7Tnu = 3sT11A3dwe 3sTIDTSed

} oseDasal spueaxe }salisiidiseg sseTd STIqnd
/«

<d>

-S5BTO 3STIOrSEY Oyl JO gorjejueweTdur oyl 3593
03 pesn eq ued> 3IBYI SO5ED 3503 JO 305 ¥ SUTEIUOD S8BTO SIYL «x/

170701931 TTAN eAe( 3IOdWT
{3811 TTanceael jxodurt
f3s11ARaay’ TTIN eAR[ 3xOQWT
:1970exRYyD "’ BueT eael jzodut
!¢ zomauwrexy - aTUN( 3x0dWT

1zsd ebeyoed

6/¢ ebed

eAel1so11s17o1sed 0561 ¥0 ‘61 e

6/1 abed

eAel1salisioiseg 0561 ¥0 ‘61 ged

dyp - gsd - sHod M 'Y ueq




Dan R. K. Ferts - pse - drkp

Feb 19, 04 19:50 BasicListTest.java

Page 3/9

Feb 19, 04 19:50

BasicListTest.java

Page 4/9

assertListIs (1, "abc"):

assertTrue(l.add (new Character(’'d’)));
assertListIs(l, "abcd");
}

public void testAddNull()

{
BasicList 1 = makeList("abed*);
l.add(null);
assertTrue(l.get(4) == null);

}

public void testAddIndexed()
{

BasicList 1 = makeList ("abed");

1.add (2, new Character(’‘e’));
assertListIs(l, “abecd");
1.add(0, new Character(’'f’))
l.add(6, new Character(’'g’})
assertListIs(1l, “fabecdg");

try
(
l.add(-1, new Character('z’));
fail ( "Should throw an IndexOutOfBoundsException") ;
}
catch (IndexOutOfBoundsException e)
{
assertListIs(l, "fabecdg");
} // end of try-catch

try
{
l.add(9, new Character(’'z’));
fail ("Should throw an IndexOutOfBoundsException") ;
)
catch (IndexQutOfBoundsException e)
(
assertListIs(l, "fabecdg");
} // end of try-catch

public void testContains({()
{

BasicList 1 = nmew BasicList();

Character a = new Character(’‘a’);
Character b = new Character(‘b’);
Character ¢ = new Character(‘c’);
Character d = new Character(‘d’};

assertTrue(!l.contains(a));

l.add(a);

l.add(b);
assertListIs(l, "ab");
assertTrue(l.contains(a));
assertTrue(l.contains(b));
assertTrue(!l.contains(c))
assertTrue(!l.contains(d))
assertTrue('l.contains (new String("test")));

i
i

1.add(c);
1.add(d);

assertListIs(l, "abcd");
assertTrue(l.contains(a));
assertTrue(l.contains(b));

assertTrue (l.contains(c));
assertTrue(l.contains(d));
assertTrue(!l.contains (new String("test")));

1l.add(a);
1l.add(b):
assertListIs (1, "abcdab");
assertTrue(l.contains(a))
assertTrue(l.contains (b))
assertTrue(l.contains(c))
assertTrue(l.contains(d));
assertTrue(!l.contains(new String("test")));

i
i
i

public void testGet()
{

// assertListIs uses get(), so we can use it for

// testing

BasicList 1 = new BasicList();
assertListIs(l, "");

1 = makeList ("abcde");
assertListIs (1, "abede");

try
{
l.get(-1);
fail ("Should throw an IndexOutOfBoundsException*) ;
}
catch (IndexOutOfBoundsException e)
{
assertListIs (1, "abcde");
} // end of try-catch

try
{
1l.get(5);
fail ("Should throw an IndexOutOfBoundsException”) ;
}
catch (IndexOutOfBoundsException e)

{
assertListIs (1, "abcde");
} // end of try-catch

public void testIndexOf ()

{
BasicList 1 = makeList ("abc");
assertEquals (l.indexOf (new Character(‘a’
assertEquals (1.indexOf (new Character(’'b’
assertEquals (1.indexOf (new Character(’'c’
assertEquals (l.indexOf (new Character(’'d’
assertEquals (1. indexOf (new String("test")), -1)

)Y,
1),
1),
1)
}

public void testIndexOfNull ()

{
BasicList 1 = makeList("abc");
assertEquals(l.indexOf (null), -1);
l.add(null);
assertEquals (1.indexOf (null), 3);
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Character b
Character ¢

Object(] arr

assertEquals (0,

H.maaﬁmv"
1l.add(b);
l.add(c);

assertListIs (1,

arr = l.toArray();
assertEquals (3,

assertSame (a,
assertSame (b,
assertSame (¢,

new Character('b’);
new Character(’c'});

= l.toArray();

arr.length);

vabc" ) ;

arr.length);

arr[0]);
arr[1l]);
arr(2]});

public void testToArraySameSize ()

{

BasicList
Character
Character
Character

Qoo

Character(]

l.add(a);
1.add (b);
H.maaao,“

assertListIs(1l,

arr = (Character[])
assertEquals (3,

new
new
new
-‘new

arr =

assertSame (a,
assertSame (b,
assertSame (c,

BasicList ()
Character ('’
Character (
Character (

’
’

i

a’
b’
c!

)
)
)

new Character(3];

"abe") ;

arr.length);
arr[0]);
arr(1]);
arr{2]);:

public void testToArrayUndersize()

{

1.toArray(arr);

BasicList 1 = new BasicList();
Character a = new Character(‘a’};
Character b = new Character('b’};
Character ¢ = new Character(’c’);
Character(] arr = new Character(2];
l.add(a);

1l.add(b);

l.add(c);

assertListIs(l, “abc");

arr = (Character[]) l.toArray(arr);
assertEquals (3, arr.length);
assertSame(a, arr[0]);
assertSame (b, arr(l]);
assertSame (c, arr[2]);

public void testToArrayOversize()

{

BasicList 1
Character a
Character b

new
new
new

BasicList(
Character (
Character (

)

.

H
a’
b’

)
)

Character ¢ = new Character(’'c’);
Character(] arr = new Character(5];

1.add(a);
1.add(b};
l.add(c);
assertListIs(1l, “abc");

arr = (Character{]) l.toArray(arr);
assertEquals (5, arr.length);
assertSame(a, arr({0]);
assertSame(b, arr{l]);
assertSame(c, arr{2]);
assertSame(null, arr(3]);

public void testToArrayBadType ()

{

= new BasicList({)};
new Character(‘a’);
new Character(‘b’);
= new Character(’c’);

BasicList
Character
Character
Character

Aom e
1]

String([] arr = new Stringl[3]; L

l.add(a);
1l.add (b);
l.add(c);
assertListIs(l, "abc");

try
{
arr = (String[]) l.toArray(arr);
fail ("Expected an ArrayStoreException to be thrown" ) ;
}
catch (ArrayStoreException e)
{

} // end of try-catch

// Tell JUnit what order to run the tests in
public static Test suite() {
TestSuite suite = new TestSuite();

suite.addTest (new BasicListTest ("testGet"));
suite.addTest (new BasicListTest (“testAdd"));
suite.addTest (new BasicListTest ("testAddNull"));
suite.addTest (new BasicListTest ("testAddindexed"));
suite.addTest (new BasicListTest ("testEqualsNullAndOtherType") ) ;
suite.addTest (new BasicListTest ( "testEqualsFalse") ) ;
suite.addTest (new BasicListTest ("testEqualsTrue"));
suite.addTest (new BasicListTest (“testHashCode") ) ;
suite.addTest (new BasicListTest ( "testOneArgConstructor")) ;
suite.addTest (new BasicListTest (“testContains")) ;
suite.addTest (new BasicListTest ("testindexOf")) ;
suite.addTest (new BasicListTest (“testindexOfNull") ) ;
suite.addTest (new BasicListTest (“testisEmpty"));
suite.addTest (new BasicListTest ("testRemoveEffects")) ;
suite.addTest (new BasicListTest ( "testRemoveReturnValue")) ;
suite.addTest (new BasicListTest ( "testRemoveOOB")) ;
suite.addTest (new BasicListTest ("testSize"));
suite.addTest (new BasicListTest ( "testlterator") ) ;
suite.addTest (new BasicListTest ("testToArrayNoArgs")) ;
suite.addTest (new BasicListTest ("testToArraySameSize") ) ;
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throws RuntimeException return Double.NaN;
@throws RuntimeException if representation invariant is violated } else {
*/ // convert int values to doubles before dividing.
private void checkRep() throws RuntimeException { checkRep() ;

if (denom < 0)
throw new RuntimeException {"Denominator of a RatNum cannot be less than zero") ;

if (denom > 0) ¢
int thisGcd = gcd(numer, denom) ;
if {thisGed != 1 && thisGed != -1) {
throw new RuntimeException("RatNum notin lowest form") ;
}

}

/** @return true iff this is NaN (not-a-number) */
public boolean isNaN() {

checkRep ()} ;

return (denom == 0);

)

/** @return true iff this < 0. */
public boolean isNegative() {
checkRep () ;
return (compareTo(new RatNum(0)) < 0);

)

/** @return true iff this > 0. */
publie boolean isPositive() {
checkRep () ;
return (compareTo(mew RatNum(0)) > 0);

}

/** @requires rn != null
@return a negative number if this < rn,
0 if this = rn,
a positive number if this > rn.
*/
public int compareTo(RatNum rn) {
checkRep(};
if (this.isNaN() && rn.isNaN{)) {
checkRep () ;
return 0;
} else if (this.isNaN(}) {(
checkRep () ;
return 1;
} else if (rn.isNaN())} {
checkRep () ;
return -1;
} else {
RatNum diff = this.sub(rn);
checkRep () ;
return diff.numer;

}

/** Approximates the value of this rational.

@return a double approximation for this. Note that "NaN" is

mapped to {@link Double#NaN}, and the (@link Double#NaN} value

is treated in a special manner by several arithmetic operations,

such as the comparison and equality operators. See the

<a href="http://java.sun.com/docs/books/jls/second_edition/html/typesvalues.

doc.html#9208">

Java Language Specification, section 4.2.3</a>, for more details.
*/
public double approx() {

checkRep () ;
if (isNaN()) {
checkRep () ;

return ((double) numer)} / ((double) denom);

}

/** @return a String representing this, in reduced terms.
The returned string will either be "NaN", or it will take on
either of the forms "N" or "N/M", where N and M are both
integers in decimal notation and M = 0.
*/
public String unparse() {
// using '+’ as String concatenation operator in this method
checkRep ()} ;
if (isNaN()} {
checkRep () ;
return "NaN";
} else if (denom != 1) {
checkRep () ;
return numer + “/" + denom;
} else {
checkRep () ;
return Integer.toString (numer);

}

// in the implementation comments for the following methods, <this>
// is notated as "a/b" and <arg> likewise as "x/y"

/** @return a new Rational equal to (0 -~ thisg). */
public RatNum negate() {

checkRep () ;

return new RatNum(-~this.numer, this.denom);
}

/** @requires arg != null
@return a new RatNum equal to (this + arg).
If either argument igs NaN, then returnsg NaN.
*/
public RatNum add(RatNum arg) {
// asb + x/y = ay/by + bx/by = (ay + bx)/by
checkRep() ;
return new RatNum(
this.numer * arg.denom + arg.numer * this.denom,
this.denom * arg.denom) ;

}

/** @requires arg != null
@return a new RatNum equal to (this - arg).
If either argument is NaN, then returns NaN.
*/
public RatNum sub(RatNum arg) {

// a’b - x/y = a/b + -x/y

checkRep () ;

return this.add(arg.negate());
}

/** @requires arg != null
@return a new RatNum equal to (this * arg).
If either argument is NaN, then returns NaN.
*/
public RatNum mul (RatNum arg)
// (a/b) * (x/y) = ax/by
checkRep ()} ;
return new RatNum(this.numer * arg.numer, this.denom * arg.denom);
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package ps2;
import junit.framework.TestCase;
public class RatNumTest extends TestCase {

// naming convention used throughout class: spell out number in

// variable as its constructive form. Unary minus is notated with
// the prefix 'neg", and the solidus is notated with an ‘I’

// character. Thus, "1 + 2/3" becomes one_plus_two_I_three

// some simple base RatNums

private RatNum zero = mew RatNum{(O0);
private RatNum one = new RatNum(l);
private RatNum negOne = new RatNum(-1);
private RatNum two = new RatNum(2);
private RatNum three = new RatNum(3);

private RatNum one_I_two = new RatNum(l, 2);

private RatNum one_I_three = new RatNum({l, 3);
private RatNum one_I_four = new RatNum{l, 4);
private RatNum two_I_three = new RatNum(2, 3);
private RatNum three_I_four = new RatNum(3, 4);
private RatNum negOne_I_two = new RatNum(-1, 2);

// improper fraction
private RatNum three_I_two = new RatNum{3, 2);

// NaNs

private RatNum one_I_zero = new RatNum(1l, 0);
private RatNum negOne_I_zero = new RatNum{(-1, 0);
private RatNum hundred_I_zero = mnew RatNum(100, 0);

// ratnums: Set of varied ratnums (includes NaNs)
// set is ( 0, 1, -1, 2, 1/2, 3/2, 1/0, -1/0, 100/0 )}
private RatNum[] ratnums =
new RatNum[] {
zero,
one,
negOne,
two,
one_I_two,
negOne_I_two,
three_I_two,
/* NaNs */
one_I_zero, negOne_I_zero, hundred_I_zero };

// ratnans: Set of varied NaNs
// set is { 1/0, -1/0, 100/0 )
private RatNum[] ratnans =
new RatNum[] { one_I_zero, negOne_I_zero, hundred_I_zero };

// ratnanans: Set of varied non-NaN ratnums
// set is ratnums - ratnans
private RatNum[] ratnanans =
new RatNum([] { zero, one, negOne, two, one_I_two, three_I_two };

public RatNumTest (String name) {
super (name) ;
}

// self-explanatory helper function

private void eg(RatNum ratNum, String rep) {
assertEquals(rep, ratNum.unparse()):

}

public void testOneArgCtor() {
eq(zero, "0");

eqg(one, “Il");

RatNum four = mew RatNum(4);
eq(four, "4");

eqg(negOne, "-1");

RatNum negFive = mnew RatNum(-5);
eq(negFive, "-5");

RatNum negZero = new RatNum(-0);
eqg{negZero, "0");
}

public void testTwoArgCtor() {
RatNum one_I_two = mew RatNum{l, 2);
eq{one_I_two, "1/2");

RatNum two_I_one = new RatNum(2, 1);
eq(two_I_one, "2%);

RatNum three_I_two = mnew RatNum(3, 2);
eq(three_I_two, "3/2");

RatNum negOne_I__thirteen = new RatNum(-1, 13);
eq(negOne_I_thirteen, “-1/13");

RatNum fiftyThree_I_seven = mew RatNum(53, 7);
eq(fiftyThree_I_seven, "53/7");

RatNum zero_I_one = new RatNum(0, 1);
eq(zero_I_one, "0");

}

public¢ void testTwoArgCtorOnNaN() {
RatNum one_I_zero = new RatNum(l, 0);
eq{one_I_zero, "NaN");

RatNum two_I_zero = new RatNum(2, 0);
eq({two_I_zero, “NaN");

RatNum negOne_I_zero = mew RatNum(-1l, 0);
eq({negOne_I_zero, "NaN");

RatNum zero_I_zero = new RatNum{(0, 0);
eq{zero_I_zero, "NaN");

RatNum negHundred_I_zero = mew RatNum(-100, 0);
eq (negHundred_I_zero, "NaN");
}

public void testReduction() {
RatNum negOne_I_negTwo = new RatNum(-1, -2);
eq(negOne_I_negTwo, "1/2");

RatNum two_I_four = new RatNum(2, 4);
eq{two_I_four, "1/2");

RatNum six_I_four = new RatNum(6, 4);
eq(six_I_four, "3/2");

RatNum twentySeven_I_thirteen = new RatNum (27, 13);
eq (twentySeven_I_thirteen, “27/13");

RatNum negHundred_I_negHundred = new RatNum(-100, -100);
eq (negHundred_I_negHundred, "1");
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eq{one_I_three.mul (one_I_three.mul (one_I_three)), "1/27");
eq(one_I_zero.sub(one_I_zero).sub(one_I_zero), "NaN");
eq(one_I_zero.sub(one_I_zero.sub(one_I_zero)), "NaN"); eq(one_I_zero.mul (one_I_zero) .mul (one_I_zero), "NaN");
eq(one_I_zero.mul(one_I_zero.mul(one_I_zero)), "NaN");
eq(one_I_two.sub(one_I_three).sub(one_I_four), "-1/12");
eq(one_I_two.sub(one_I_three.sub(one_I_four)), "5/12"); eq(one_I_two.mul (one_I_three).mul (one_I_four), "1/24");
} eq(one_I_two.mul (one_I_three.mul (one_I_four)), "1/24");

public void testMulProperties() {
// zero property
for (int i = 0; 1 < ratnanans.length; i++) {
eq({zero.mul (ratnanans[i]), "0");
eq(ratnanans [i] .mul (zero), "0"};
}

// one property

for (int i = 0; i < ratnanans.length; i++) {
eqg(one.mul (ratnanans([i)), ratnanans([i].unparse(}};
eqg(ratnanans[i] .mul (one), ratnanans[i].unparse(});

}

// negOne property

for (int i = 0; i < ratnanans.length; i++) {
eq (negOne.mul (ratnanans[i]), ratnanans(i).negate () .unparse (
eq(ratnanans [i] .mul (negOne), ratnanans(i).negate () .unparse (

)

public void testMulSimple() {
eq(two.mul (two), "4");
eq (two.mul (three), "6");
eq(three.mul (two), "6");

}

public void testMulComplex() {
eq(one_I_two.mul (two), "1");
eq(two.mul (one_I_two), "l");
eq{one_I_two.mul (one_I_two), "l/4");
eq(one_I_two.mul (one_I_three), "1/6");
eq(one_I_three.mul (one_I_two), "1/6");

}

public void testMullImproper () {
eq(three_I_two.mul (one_I_two)}, "3/4");
eq(three_I_two.mul (one_I_three), "1/2");
eq{three_I_two.mul (three_I_four), "9/8");
eq{three_I_two.mul (three_I_two), "9/4");
}

public void testMulOnNaN() {
// analogous to testAddOnNaN()

for (int i = 0; i < ratnums.length; i++) {
for (int j = 0; j < ratnans.length; j++) {
eq(ratnums[i) .mul (ratnans([j]), "NaN");
eq(ratnans([j] .mul (ratnums[i]), "NaN");

}

public void testMulTransitively() {
eq(one.mul (one) .mul (one) , ;
eq (one.mul (one.mul (one) ),
eq(zero.mul (zero) .mul (zero),
eq(zero.mul (zero.mul (zero)},
eq(one.mul (two) .mul (three),
eq(one.mul (two.mul (three)),

..0..V ;
"6");

eq(one_I_three.mul (one_I_three) .mul (one_I_three), "1/27");

V)i
V)i

}

public void testDivSimple() (

}

public void testDivComplex{() {

}

public void testDivImproper () {

}

public void testDivOnNaN({) {

}

public void testDivTransitively () {

eq(zero.div(zero), "NaN");
eq(zero.div(one), "0");
eq(one.div(zero), “NaN");

eq(one.div(one), "1");
eq(one.div(negOne), "-1");
eq(one.div(two)}, "1/2);
eq(two.div(two), "1");

eq(one_I_two.div(zero), "NaN");
eq(one_I_two.div(one), "1/2");
eq(one_I_two.div(one_I_two)}, "I");
eq(one_I_two.div(one_I_three), "3/2");
eqg(one_I_two.div(negOne), "-1/2");
eqg(one_I_two.div(two), "1/4");
eq(one_I_two.div(two_I_three),
eq(one_I_two.div(three_I_four),

..M\A.. V H
"23");

eq(one_I_three.div(zero), "NaN");
eq(one_I_three.div(two_I_three), "1/2"};
eq(one_I_three.div(three_I_four), "4/9");

eq(three_I_two.div(one_I_two), "3");
eq(three_I_two.div{one_I_three), "9/2");
eq(three_I_two.div(three_I_two), "1");

// each test case (addend, augend) drawn from the set
// ratnums x ratnans

for (int i = 0; i < ratnums.length; i++) {
for (int j = 0; j < ratnans.length; j++)
eq(ratnums[i] .div(ratnans([j}), "NaN"
eqg({ratnans[j] .div(ratnums([i]), "NaN"

// (same note as in testSubTransitively re: transitivity property)

eqg({one.div(one).div(one), "1"};

eq(one.div(one.div(one)), "1l"});
eq(zero.div(zero).div{(zero), "NaN");
eq{zero.div(zero.div{(zero)), "NaN");

eq{one.div(two) .div(three), "1/6");
eq(one.div(two.div (three)), "3/2");

eq(one_I_three.div(one_I_three) .div(one_I_three), *3");
eq(one_I_three.div(one_I_three.div(one_I_three)), "1/3");
eq(one_I_zero.div(one_I_zero) .div(one_I_zero), "NaN");
eq(one_I_zero.div(one_I_zero.div(one_I_zero)), "NaN");
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assertPos (one_I_two) ;
assertPos(one_I_three);
assertPos (one_I_four);
assertPos (two_I_three);
assertPos (three_I_four);

assertNeg (negOne_I_two) ;
assertPos (three_I_two);

assertPos (one_I__zero) ;
assertPos(negOne_I_zero); // non-intuitive; see spec
assertPos (hundred_I_zero) ;

}

public void testIsNaN() (
for (int i = 0; i < ratnans.length; i++) {
assertTrue (ratnans[i] .isNaN{));
}

for (int i = 0; 1 < ratnanans.length; i++) {
assertTrue(!ratnanans (i) .isNaN());
}

package ps2;
import java.util.StringTokenizer;

/** <b>RatPoly</b> represents an immutable single-variate polynomial
expression. RatPolys have RatNum coefficients and integer
exponents.
<p>

Examples of RatPolys include "0", "x-10", and "x*3-2*x42+5/3*x+3",
and "NaN".

*#* RatPoly was tested against the provided RatPolyTest today, and
#%x% 511 tests succeeded. -- drkp 2004/02/19

*/
public class RatPoly {

// holds terms of this
private RatTermVec terms;

// convenient zero and one constants
private static final RatNum ZERO = new RatNum(0);
private static final RatNum ONE = new RatNum(l);

// convenient way to get a RatPoly that isNaN

private static RatPoly nanPoly() {
RatPoly a = new RatPoly();
a.terms.addElement (new RatTerm(new RatNum(l, 0), 0));
return a;

// Definitions:

//  For a RatPoly p, let C(p,i)} be "p.terms.get(i).coeff" and
// E(p,1) be "p.terms.get(i).expt"

// length(p) be "p.terms.size()"

// (These are helper functions that will make it easier for us
// to write the remainder of the specifications. They are not
// executable code; they just represent complex expressions in a
// concise manner, so that we can stress the important parts of
// other expressions in the spec rather than get bogged down in
// the details of how we extract the coefficient for the 2nd term
// or the exponent for the 5th term. So when you see C(p,1i),

// think "coefficient for the ith term in p".)

// Abstraction Function:

// A RatPoly p is the Sum, from i=0 to length(p}, of C(p,i)*x"E(p,1i)
// (This explains what the state of the fields in a RatPoly

// represents: it is the sum of a series of terms, forming an

// expression like "C_0 + C_1*x"1 + C_2*x"2 + ...". If there are no
// terms, then the RatPoly represents the zero polynomial.)

// Representation Invariant for every RatPoly p:
/7 terms != null &&
/7 forall i such that (0 <= i < length(p), C(p,1i) != 0 &&
// forall i such that (0 <= i < length(p), E(p,i) >= 0 &&
// forall i such that (0 <= i < length(p) - 1), E(p,i} > E(p, i+l1)
// (This tells us four Important facts about every RatPoly:
// * the terms field always points to some usable object,
* no term in a RatPoly has a zero coefficient,
// * no term in a RatPoly has a negative exponent, and
* the terms in a RatPoly are sorted in descending exponent order.)

/** @affects Constructs a new Poly, "0".
*/
public RatPoly() {
terms = new RatTermVec();
}
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/** Scales coefficients within ‘vec’ by ’‘scalar’ (helper procedure).
@requires vec, scalar != null
@modifies vec
@effects Forall 1 gs.t. 0 <= i < vec.size(),
if (C . E) = vec.get (i)
then vec_post.get(i) = (C*scalar . E)
@see ps2.RatTerm regarding (C . E) notation
*/
private static void scaleCoeff (RatTermVec vec, RatNum scalar) {
for (int i = 0; i < vec.size(); i++) {
vec.set (new RatTerm(vec.get(i).coeff.mul (scalar),
vec.get(i).expt), 1i);
} /7 end of for ()
}

/** Increments exponents within ‘vec’ by ’‘degree’ (helper procedure).
@requires vec != null
@modifies vec
@effects Forall i s.t. 0 <= i < vec.size(),
if (C . E) = vec.get(i)
then vec_post.get(i) = (C . E+degree)
@see ps2.RatTerm regarding (C . E) notation
*/
private static void incremExpt(RatTermVec vec, int degree) {
for (int i = 0; i < vec.size(); i++) {
vec.set (new RatTerm(vec.get(i).coeff,
vec.get (i) .expt + degree), 1i);
} // end of for ()

}

/** Merges a term into a sequence of terms, preserving the
sorted nature of the sequence (helper procedure).

Definitions:

Let a "Sorted RatTermVec" be a RatTermVec V such that

[1] V is sorted in descending exponent order &&

[2] there are no two RatTerms with the same exponent in V &&
[3] there is no RatTerm in V with a coefficient equal to zero

For a Sorted(RatTermVec) V and integer e, let cofind(V, e)
be either the coefficient for a RatTerm rt in V whose
exponent is e, or zero if there does not exist any such
RatTerm in V. (This ig like the coeff function of RatPoly.)

@requires vec != null && sorted(vec)
@modifies vec
@aeffects sorted(vec_post) &&
cofind(vec_post, newTerm. expt)
= cofind(vec,newTerm.expt) + newTerm.coeff
*/
private static void sortedAdd(RatTermVec vec, RatTerm newTerm) {
for (int i = 0; i < vec.size(); i++) {
RatTerm term = vec.get{i);
if (newTerm.expt > term.expt) {
vec.insert (newTerm, 1i);
return;

if (newTerm.expt == term.expt) {
RatNum newCoeff = newTerm.coeff.add(term.coeff);
vec.remove (i) ;
if (!newCoeff.equals(ZERO))
vec.insert (new RatTerm(newCoeff, term.expt), 1i);
return;

vec.addElement (newTerm) ;

/** @return a new Poly equal to "0 - this”;
if this.isNaN(), returns some r such that r.isNaN()
*/
public RatPoly negate() {
checkRep () ;

if (isNaN()) {
return nanPoly();
} // end of if ()

RatTermVec newTerms = terms.copy();
scaleCoeff (newTerms, new RatNum(-1));

checkRep () ;

return new RatPoly (newTerms) ;

}

/** Addition operation.

@requires p != null

@return a new RatPoly, r, such that r = "this + p”";

if this.isNaN() or p.isNaN(), returns some r such that r.isNaN()

*/

public RatPoly add(RatPoly p) {
checkRep () ;
if (isNaN{) || p.isNaN())

{
return nanPoly();
} // end of if ()

RatTermVec newTerms = terms.copy();

for (int i = 0; 1 < p.terms.size(); i++)

{
}

return new RatPoly(newTerms);

sortedAdd{newTerms, p.terms.get(i));

}

/** Subtraction operation.
@requires p != null
@return a new RatPoly, r, such that r = "this - p";
if this.isNaN() or p.isNaN(), returns some r such that r.isNaN()
*/
public RatPoly sub(RatPoly p) {
checkRep();

return add(p.negate());
}

/** Multiplication operation.
@requires p != null
@return a new RatPoly, r, such that r = "this * p";
if this.isNaN() or p.isNaN(), returns some r such that r.isNaN()
*/
public RatPoly mul (RatPoly p) {
checkRep () ;

if (this.isNaN() || p.isNaN{())
{

return nanPoly();

} // end of if ()
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<p> The Fundamental Theorem of Calculus states that the definite integral
of f(x) with bounds a to b is F(b) - F(a) where dF/dx = f(x)
NOTE: Remember that the lowerBound can be higher than the upperBound
*/
public double integrate(double lowerBound, double upperBound) {
RatPoly antiDeriv = antiDifferentiate (ZERO);

return (antiDeriv.eval (upperBound). - antiDeriv.eval (lowerBound));
}

/** @return the value of this polynomial when evaluated at ‘d’.
For example, "x+2" evaluated at 3 is 5, and "xA2-x"
evaluated at 3 is 6.

if (this.isNaN() == true), return Double.NaN
*/
publie double eval (double d) {

if (isNaN())

{
return Double.NaN;
} // end of if ()

-

double result = 0; —

for (int i = 0; 1 < terms.size(); i++)
{
result += (terms.get(i).coeff.approx(})
* Math.pow(d, (terms.get (i) .expt)):
} // end of for ()

return result;

}

/** @requires ‘polyStr’ is an instance of a string with no spaces
that expresses a poly in the foxm defined in the

unparse() method.

@return a RatPoly p such that p.unparse() = polyStr

*/

public static RatPoly parse(String polyStr) {

RatPoly result = new RatPoly();

// First we decompose the polyStr into its component terms;
// third arg orders "+" and "-" to be returned as tokens.
StringTokenizer termStrings = new StringTokenizer (polyStr, "+", true);

boolean nextTermIsNegative = false;
while (termStrings.hasMoreTokens()) {
String termToken = termStrings.nextToken():

if (termToken.equals("-")) {
nextTermIsNegative = true;

} else if (termToken.equals("+")) {
nextTermIsNegative = false;

} else {

// Not "+" or "-"; must be a term

// Term is: "R" or "R*x" or "R*x"N" or "x"N' or "x",
// where R is a rational num and N is a natural num.

// Decompose the term into its component parts.
// third arg orders ‘*‘ and '~‘ to act purely as delimiters.
StringTokenizer numberStrings =

new StringTokenizer (termToken, "*A", false);

RatNum coeff;
int expt;

String cl = numberStrings.nextToken() ;
if (cl.equals("x")) {

// ==> "x" or "X°N"
coeff = new RatNum(l);

if (numberStrings.hasMoreTokens()) {
// ==> Yx~N¢
String N = numberStrings.nextToken () ;
expt = Integer.parselnt(N);

} else
// ==> "x"
expt = 1;
}
} else {

\\ ==> :MN: or :MN**: or :MN‘*)Z.—
String R = cl;
coeff = RatNum.parse(R);

if (numberStrings.hasMoreTokens()) {
// ==> "R*x" or "R*X"N"
String x = numberStrings.nextToken();

if (numberStrings.hasMoreTokens()) (
// ==> "R*x"N"
String N = numberStrings.nextToken();
expt = Integer.parselInt(N);
} else {
// ==> "R¥x"
expt = 1;
}

} else {
// ==> "R"
expt = 0;

}

// at this point, coeff and expt are initialized.
// Need to fix coeff if it was preceeded by a '-*
if (nextTermIsNegative) {

coeff = coeff.negate();
}

// accumulate terms of polynomial in 'result’

if (lcoeff.equals(ZERO)) {
result.terms.addElement (new RatTerm(coeff, expt)):

}

}
}
result.checkRep();

return result;

}

/** Checks to see if the representation invariant is being violated and if s
o, throws RuntimeException

@throws RuntimeException if representation invariant is violated
*/
private void checkRep() throws RuntimeException (

if (terms == null) (

throw new RuntimeException ("terms==nuli!");
)

for (int i = 0; i < terms.size(); i++) {
if ((terms.get(i).coeff.compareTo(ZERO)) == 0) {
throw new RuntimeException ("zero coefficient!") ;
}
if (terms.get(i).expt < 0) {
throw new RuntimeException ("negative exponent!”) ;
}

if (i < terms.size() - 1) {
if (terms.get(i + 1).expt >= terms.get(i).expt) {
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/** @effects Constructs a new RatPolyStack, [].
*/
public RatPolyStack{) {
size = 0;
polys = null;
}

/** Pushes a RatPoly onto the top of this.
@requires p != null
@modifies this
@effects this_post = [p]:this
*/
public void push(RatPoly p) {
polys = new Cons{(p, polys};
size++;

}

/** Returns the top RatPoly.
@requires this.size() > 0
@modifies this
@effects If this = [p]:S
then this_post = S && returns p
*/
public RatPoly pop() {

Cons popCons = polys;

checkRep () ;
polys = polys.tail; .
size--;

checkRep();

return popCons.head;

)

/** Duplicates the top RatPoly on this.
@requires this.gize() > 0

@modifies this

@effects If this = [pl:S

then this post = [p, pl:S§

*/
public void dup() {
checkRep () ;
polys = new Cons(polys.head, polys);
size++;
checkRep{() ;

)

/** Swaps the top two elements of this.
@requires this.size() >= 2
@modifies this
@effects If this = [pl, p2]:8
then this post = [p2, pl]:S
*/
public void swap() {
checkRep () ;

RatPoly a, b;
a = pop();

b = pop();
push(a};
push(b) ;

checkRep () ;

/** Clears the stack.
@modifies this
@effects this post = []
*/
public void clear() {
size = 0;
polys = null;
}

/** Returns the RatPoly that is ’index’ elements from the top of
the stack.
@requires index >= 0 && index < this.size()
@effects If this = S:[p]l:T where S.size() = index, then
returns p.
*/
public RatPoly get{int index) ({
Cons p = polys;

for (int i = 0; i < index; i++)

{
p = p.tail;
} // end of for ()

return p.head;
}

/** Adds the top two elements of this, placing the result on top
of the stack.
@requires this.size() >= 2
@modifies this
@effects If this = [pl, p2]:S
then this _post = [p3]:8
where p3 = pl + p2

*/

public void add() {
checkRep () ;
RatPoly a

RatPoly b = pop
push(a.add(b));

checkRep () ;
}

/** Subtracts the top poly from the next from top poly, placing
the result on top of the stack.
@requires this.size() >= 2
@modifies this
@effects If this = [pl, p2]:S
then this post = [p3]:S
where p3 = p2 - pl

*/

public void sub() {
checkRep () ;
RatPoly a = pop():
RatPoly b = pop():

push(b.sub(a});

checkRep() ;
}

/** Multiplies top two elements of this, placing the result on
top of the stack.

@requires this.size() >= 2

@modifies this
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package ps2;
import junit.framework.*;

public class RatPolyStackTest extends TestCase {
// create a new poly that is a constant (doesn’t depend on x)
private RatPoly constantPoly(int constant) {
return new RatPoly{(constant, 0);
)

// create a new poly that is a constant (doesn’t depend on x)
// taking a char allows us to represent stacks as strings
private RatPoly constantPoly{char constant) {
return constantPoly(Integer.valueOf("" + constant).intValue());
)

//* @return a new RatPolyStack instance
private RatPolyStack stack() ({

return new RatPolyStack():;
}

// create stack of single-digit constant polys
private RatPolyStack stack(String desc) {
RatPolyStack s = new RatPolyStack();

// go backwards to leave first element in desc on _top_ of stack
for (int i = desc.length() - 1; 1 »>= 0; i--) {
char ¢ = desc.charAt(i);
s.push(constantPoly(c));
)
return s;

)

// RatPoly equality check

// (getting around non-definition of RatPoly.equals)

private boolean eqgv(RatPoly pl, RatPoly p2) {
return pl.unparse().equals(p2.unparse());

}

// compares ‘s’ to a string describing its values

// thus stackl23 = "123". desc MUST be a sequence of

// decimal number chars

//

// NOTE: THIS CAN FAIL WITH A WORKING STACK IF RatPoly.unparse IS BROKEN!

private void assertStackIs(RatPolyStack s, String desc) {
assertTrue(s.size() == desc.length());

for (int i = 0; i < desc.length(); i++) {

RatPoly p = s.get(i);

char ¢ = desc.charAt(i);

String asstr =

*El OBA "
i

" v“ "
p.unparse ()
", Expected *

c
", (Expected Stack:"
desc

..v:..

O i ]

assertTrue(asstr, eqv(p, constantPoly(c)));
}
public RatPolyStackTest (String name) {

super (name) ;
}

public void testCtor() {

}

RatPolyStack stkl = stack();
assertTrue(stkl.size() == 0);

public void testPush() {

}

RatPolyStack stkl = stack();
stkl.push{constantPoly(0));

assertStackIs(stkl, "0");

stkl.push{constantPoly(0));
assertStackIs(stkl, "00");

stkl.push{constantPoly(1l));
assertStackIs(stkl, "100");

stkl = stack("3");
assertStackIs(stkl, "3");

stkl = stack("23");
assertStackIs(stkl, "23");

stkl = stack("123");
assertStackIs(stkl, "123");

public void testPushCheckForSharingTwixtStacks()

RatPolyStack stkl = stack();
RatPolyStack stk2 = stack("123");
assertStackIs(stkl, ;
assertStackIs(stk2,

stkl.push({constantPoly(0));
assertStackIs(stkl, "0");
assertStackIs(stk2, "123");

stkl.push(constantPoly(0)};
assertStackIs{stkl, "00");
assertStackIs(stk2, "123");

stkl.push(constantPoly(1l));
assertStackIs(stkl, *100");
assertStackIs(stk2, "123");

stk2.push(constantPoly (8));

assertStackIs(stkl, "100");
assertStackIs(stk2, "8123");

)

public void testPop() {
RatPolyStack stkl = stack("123");

}

public void testDup() {

RatPoly poly = stkl.pop():;
assertTrue (eqv (poly, constantPoly(1l)}):
assertStackIs(stkl, "23");

poly = stkl.pop();
assertTrue (eqv(poly, constantPoly(2)});
assertStackIs(stkl, "3");

poly = stkl.pop();
assertStackIs(stkl, "");

RatPolyStack stkl
stkl.dup();
assertStackIs(stkl, "33");

stack("3");

{
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assertTrue ("Testsimple integratel”, stkl.pop().unparse().equals ("4*x"));
stkl.integrate();
assertTrue ("Testsimple integrate2”, stkl.pop() .unparse().equals ("7*x"));
stkl.integrate();

assertTrue ("Testsimple integrate3", stkl.pop().unparse().equals ("3*xA5"));

/4 Tell JUnit what order to run the tests in

public static Test suite() {
TestSuite suite = new TestSuite();
suite.addTest (new RatPolyStackTest ("testCtor"));
suite.addTest (new RatPolyStackTest { "testPush")) ;
suite.addTest{

new RatPolyStackTest ("testPushCheckForSharingTwixt
Stacks") ) ;

suite.addTest (new RatPolyStackTest {"testPop"));
suite.addTest (new RatPolyStackTest ("testDup"));
suite.addTest (new RatPolyStackTest ( "testSwap"));
suite.addTest (new RatPolyStackTest ( "testClear")) ;
suite.addTest (new RatPolyStackTest { "testAdd"));
suite.addTest (new RatPolyStackTest ("testSub"));
suite.addTest (new RatPolyStackTest ("testMul"));
suite.addTest (new RatPolyStackTest {"testDiv"));
suite.addTest (new RatPolyStackTest ( "testDifferentiate") ) ;
suite.addTest (new RatPolyStackTest { "testintegrate”));
return suite;

package ps2;
import junit.framework.*;

/** This class contains a set of test cases that can be used to
test the implementation of the RatPoly class.
<p>

*/
public class RatPolyTest extends TestCase {

// get a RatNum for an integer

private RatNum num{int i)} {

return new RatNum(i);
}

private RatNum nanNum = (new RatNum(l)).div(mew RatNum(Q));
// convenient way to make a RatPoly
private RatPoly poly(int coef, int expt) ({
return new RatPoly (coef, expt);
}

// Convenient way to make a quadratic polynomial, arguments
// are just the coefficients, highest degree term to lowest
private RatPoly quadPoly(int x2, int x1, int x0) {
RatPoly ratPoly = new RatPoly(x2, 2);
return ratPoly.add(poly(x1l, 1)).add(poly(x0, 0));

}

// convenience for parse

private RatPoly parse(String s) {
raeturn RatPoly.parse(s);

}

// convenience for zero RatPoly
private RatPoly zero() ({

return new RatPoly();
}

public RatPolyTest(String name) {
super (name) ;
}

// only unparse is tested here

private void eq(RatPoly p, String target) {
String t = p.unparse();
assertEquals (target, t);

}

private void eq(RatPoly p,
String t = p.unparse():
assertEquals (message, target, t);

String target, String message) {

}

// parses s into p, and then checks that it is as anticipated

// forall i, parse(s).coeff(anticipDegree - i} = anticipCoeffForExpts (i)

// (anticipDegree - i} means that we expect coeffs to be expressed
// corresponding to decreasing expts
private void eqP(String s, int anticipDegree, RatNum([] anticipCoeffs)

RatPoly p = parse(s);

assertTrue(p.degree() == anticipbegree) ;

for (int 1 = 0; i <= anticipDegree; i++) {

assertTrue (
“wrong coeff; \n*

"anticipated: "
anticipCoeffs[i]
"; received: "
p.coeff (anticipDegree - 1i)
:/—.— "
“ received: "

+

+ 4+ + o+

{
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eq(poly (-1, 3), "-xA3"); one.degree() ;
} two.degree() ;
eqg(one, "!", *Degree mutates receiver!") ;
public void testDegree() { eq(two, "2", "Degree mutates receiver!”);
assertTrue("x*0degree 0", poly(l, 0).degree() == 0);
assertTrue("x*l degree 1", poly(l, 1).degree() == 1); one.coeff(0);
assertTrue ("x"100 degree 100", poly(l, 100).degree() == 100); two.coeff (0);
assertTrue ("0*x*100 degree 0", poly (0, 100).degree() == 0); eq(one, "1", "Coeff mutates receiver!") ;
assertTrue ("0*xA0 degree 0", poly (0, 0).degree() == 0); eq(two, "2", "Coeff mutates receiver!") ;
}
one.isNaN{();
public void testAdd() { two.isNaN();
RatPoly _XSqPlus2X = poly{(l, 2).add(poly{(l, 1)).add(poly(1l, 1)}; eq(one, "1", "isNaN mutates receiver!") ;
RatPoly _2XSqgPlusX = poly(l, 2).add(poly(l, 2)).add(poly(l, 1)}; eqg({two, "2", "isNaN mutatesreceiver!");
eq(poly(l, 0).add(poly(l, 0)), "2"); one.eval(0.0);
eq(poly(l, 0).add(poly(5, 0)), "6"); two.eval(0.0);
eq(poly(l, 1).add(poly(l, 1)), "2*x"); eq(one, "1", *eval mutates receiver!");
eq(poly(l, 2).add(poly(1l, 2)), "2¥xA2"); eq(two, "2", "eval mutates receiver!") ;
eq(poly(l, 2).add(poly(l, 1)), "x"2+x");
eq(_XSgPlus2X, "x 2+2%x"); one.negate() ;
eq(_2XSgPlusX, "2¥x"24x"); two.negate () ;
eq{poly(l, 3).add(poly(l, 1)), "x"3+x"); eq(one, "1", *Negate mutates receiver!");
} eqg(two, "2", "Negate mutates receiver!");
public void testSub() { one.add(two) ;
eq(poly(l, 1).sub{(poly(l, 0)), "x=1"); eq(one, "1", *Addmutates receiver!") ;
eq(poly(l, 1).add(poly(l, 0)), "x+l1"); eq(two, "2", *Addmutates argument!") ;
}
one.sub(two) ;
public void testMul() ({ eq(one, “1", "Sub mutates receiver!");
eq(poly (0, 0).mul(poly(0, 0)), "0"); eq(two, "2", "Sub mutates argument!") ;
eq(poly(l, 0).mul(poly(l, 0)), "1");
eq(poly(1l, 0).mul(poly(2, 0)), "2"); one.mul (two) ;
eqg(poly(2, 0).mul(poly(2, 0)), "4"); eq(one, *Mul mutates receiver!") ;
eq(poly(l, 0).mul(poly(l, 1)), "x"); eq(two, *Mul mutates argument!") ;
eq(poly(l, 1).mul(poly(l, 1)}, "x*2");
eq(poly(1l, 1).sub(poly(l, 0)).mul(poly(l, 1).add(poly(l, 0))), "x"2-1"); one.div{two) ;

)

public void testOpsWithNaN(RatPoly p) {
= RatPoly.parse("NaN");

RatPoly nan

eq(p.add(nan), "NaN");
eq{nan.add(p), “NaN");
eq(p.sub(nan), "NaN");
eq(nan.sub(p), "NaN");
eq(p.mul (nan), "NaN");
eq(nan.mul (p), "NaN");
eq(p.div(nan), "NaN");
eqg(nan.div(p), "NaN");

}

public void testOpsWithNaN ()
testOpsWithNaN (poly (0, ;

testOpsWithNaN (poly (0,
testOpsWithNaN (poly (1,
testOpsWithNaN (poly (1,
testOpsWithNaN (poly (2,
testOpsWithNaN (poly (2,
testOpsWithNaN (poly (0,
testOpsWithNaN(poly (1,

NN ORORFO
— e e e e

}

public void testImmutabilityOfOperations() {
// not the most thorough test possible, but hopefully will
// catch the easy cases early on...
RatPoly one = poly(l, 0);
RatPoly two = poly(2, 0);

eq(one,
eq(two, "2",

}

public void
RatPoly zero
RatPoly one =
RatPoly _X =

testE

"Div mutates receiver!
"Div mutates argument!" ) ;

val () {

= new RatPoly();
new RatPoly(l, 0);
new RatPoly(l, 1);

RatPoly _2X =

assertEquals("0Qat0", 0.0, zero.eval(0.0), 0.0001);
assertEquals("Qatl ", 0.0, zero.eval(1.0), 0.0001);
assertEquals("Oat2", 0.0, zero.eval(2.0), 0.0001);
assertEquals(" lat0", 1.0, one.eval(0.0), 0.0001);
assertEquals("latl", 1.0, one.eval(1.0), 0.0001);
assertEquals(“ latl", 1.0, one.eval(2.0), 0.0001);
assertEquals("xat0", 0.0, _X.eval(0.0), 0.0001);
assertEquals("xatl", 1.0, _X.eval(1.0), 0.0001);
assertEquals("xat2", 2.0, _X.eval(2.0), 0.0001);
assertEquals (" 2*xat0", 0.0, _2X.eval(0.0), 0.0001);
assertEquals (" 2*xatl ", 2.0, _2X.eval(1.0), 0.0001);
assertEquals("2*xat2", 4.0, _2X.eval(2.0), 0.0001);
assertEquals (" xA2at0 ", 0.0, _XSqg.eval(0.0), 0.0001);
assertEquals (" x*2atl", 1.0, _XSqg.eval(1.0), 0.0001);
assertEquals (" x*2at2", 4.0, _XSqg.eval(2.0), 0.0001);

RatPoly _XSqg minus_2X

new RatPoly (2,
RatPoly _XSqg = new RatPoly(1l,

1);
2);

_XSq.sub{(_2X);

26/28



8¢/L¢

! {uwNEN. ‘Iomsuyueu)bs

* L06IT—TvXxElT
T BHX Pt T XaGHPvXaSHOVX4E W ) @S TR

JATD* (0 8+ XTHTvXa8HEV X401 HPvX401+9vX+8yX 4 ) @SaRd
ybe

Sla0u T ((aEuXalu)@530d) ATD " (4 STHX4T+TvX W ) 9STRd) DO
oads woxy gz arduexe //

CLaXaE/Ta  ((aTvXaEu) @STRA)ATD " (W E+X4T~EvX .y ) BSTRA) DO
oads woxy [ ordwexe //

Arxedoxd butuorjouny ,AID, pue ,9sxed, yioq //
uo Aouspusdap b sey 3T 9snedaq 3no 8sed 3583 sTY3 pojeradss //

(W EHXRTHTVXRLHSVX W (TANS) ATp 8baeT)be
a1 HX4ZHEVX W ' (ZANS) ATp-a6xeT)ba

! (()osaedun-abreT ’(Tqns)inu-zqns)ba
!{()esxedun- abaeT ' (zqns)nu-'Tqns)bas
©c-yo8yo odA) sjnutw 3ser e asnf //

({0 ‘g)Atodyppe’ ((T ‘Z)ATod)ppe’ ((z 'L)ATod)ppe’ (G 'T)ATod
= zqns Alodaey
E+XuH+CXnl+§.X //
(0 'TIATod)ppe- ((T ‘Z)ATod)ppe- (¢ ‘T)ATod = 1qns Arodaey
T+XxZ+EX //

({0 'g)Atod)ppe-

((1 ’‘8)Atod)ppe-

((z '11)At10d)pPPE"

((¢ ‘LT)At0d)pPE"

({y ‘z)Atod)ppe*

((s ’‘g)At1od)ppe-

((9 ‘g)Atod)ppe*

(8 'T)ATod
= 9bae1 A1odiey
(E+XuZH+T Xul+GX) x (T+XxZ+EX} [/
S EHXuBHI Xk ITH+HE XY LT+P Xk E+G Xx 8+9 XaZ+BVX //

flal=X. “(((0 ‘T)ATOd)pPE (T 'T)ATOd)ATpP' ((0 ‘T-)ATod)ppe’(z ’‘T)ATod)be
T-2uX = (T+X)x (T~X) //

L(u[+Xa
‘(((0 ‘T)ATod)ppe’ (T ‘T)AT0od

yatp® ((0 ‘T)ATod)ppe- ((1 ‘Z)ATod)ppe’ (z ‘T)ATod
)ba
T+Xx 2+ X = (T+X)x (T+X} //

} ()oaszAgaT@assl proa orrqnd

{

} (Iemsuyueu ATOJdI1eY)ISMSUBNENSIII9SSe pToa ejeatad

{

} ()39sqwoxaaTdwexaaTglsaly proa orrqnd

{

} ()oedsworgsojduexantgisal pron oriqnd

{

} () IIXaTdwopAT@aIsal proa oriqnd

{

} () IxeTdwoDATgas®] proa oiTqnd

E-XxPT+ZvXx6C

T

‘(T
‘(T

X)) OT-Xx 8T Xxl+EX+PXx E~G X~L X = £+X+EX / GX+QT X //

ClaguXtLvXe (g 'T)ATOd)ATP ((§ ‘T)ATod)ppe’ (0T ‘T1)ATod)bs
= £.X / SX+0T X //

(0 X} ZuX+LuX

ClapvXteuXe (T 'T)ATOod) AT ((§ 'T)ATod)ppe” (0T 'T)ATod)be
(0 X} puX+6.X = X / GX+0TuX //

D0 [=XHEX—by X+ Oy X=L X o
‘T)Atod)ppe- (z 'T)ATod)ppe- (¢ 'T)ATod)ATP" (0T 'T)ATod

(X= :X) T-X+£X-P X+9.X~-[ X =

)yba

X+ X+EX / 0T WX //

L T XA T X =Ey Xy X =Gy XHOy X~ Ly X o
"(({z 'T)Atod)ppe- (¢ 'T)ATod)AaTp: (0T ‘T)AT0od

(ZuX— :X) T-X+Z . X-E X+P . X-G . X+9. X~/ X

)yba

= uX+EX / 0T X //

fabvXe (T ‘T)ATOd)ATPR" (0T ‘T)ATod)be
(0 :X) 6.X = X / 0T X //

f{uXa " ((86 'T)ATOA)ATP" (66 'T)ATOd)bo

X = 86.X/66.%X //

f(uG6vXa (T 'T)ATOA)ATP" (00T ’'T)ATOd)bo

66.X = X/00T.X //

(u0a "((000T ‘T)ATOd)ATP" (00T 'T)AT0d)ba
0 = 000T.X/00T.X% //

flux=u (T 'T)ATOd)ATP" (Z 'T-)ATod)bs

X=- = X/Z.X=- //

flala " ((T 'T-)ATOd)ATDP (T ’1-)AT0d)bo

I = X=/X-//

flal=a (T 'T-)ATOd)ATP (T ’'T)ATod)ba

I- = X-/xX //

ful=e (T ‘D)ATOd)ATP (T ‘T-)AT0d)Dba

- = X/%X- //

fula (T 'T)ATOd)ATP" (T ‘T)ATOd)bB

T =X/X//

f(u0n (T 'T)ATOd)ATR (T ’0)ATOd)bo

0 =Xx/0 //
} ()AT@asel proa a1iqnd

{

f(((p)unu)sTenba" ({-)FJF200* ()0I92)ONILI1IBSSE
{{((p)umu)sTenba- (QT-) 3JF200" ()0X92)BNILIIBSSE

.
o
:

‘1)Atod)ppe- ((z ‘T)Atod)ppe’ (z ‘T)AtT0d
‘'T)Atod)ppe- ((T 'T)ATod)ppe- (g ‘T)Atrod

p)umu) sTenba* ((T-) 3FS02°XSnTabgxz ™) anaryIasse
(0)unu) stenba- (1-) 33900 ' ¥xsnigbsxz™)aniri1xasse
yumu) sTenba- (0T1-) 3Fo00 - xzsnTdbsx ") aniliaasse
(0)unu)sTenbs* (7-) 33900 XZsSnTdbsX ™) anirlIasse

xsnidbsxz™ At1odley
xzsnidbsx™ Atogaey
-t r8xey andur //

burzsazojur ue BHurydeys ‘gbs ur burlse] jJunib swos s3za@b Apeaire Fje90d //

}

() 339003593 proa oriqnd

{
L Q1 X BHTv X aLHE v XHPy X € =Gy X—LyX u {
“(((0 'e)Atod)ppe” ((T 'T)ATod)ppe’ (£ ‘T)K ‘(1000°0 ‘(0°€)TeAD XZ SNUTW DSX™ '0°€ ‘. €10 X4Z-CvX «) STENDEAIBSSE
Tod $(T000°0 '(0°T)TeAR XZ™SNUTW DSX™ '0°0 ‘. ZI¥X4I-TvX «) STEnbIIIOSSE
)ATP" ((§ 'T)ATod)ppe’ (0T ‘T)ATod (100070 ‘(0°T)TeA®"XZ SNUTW DSX™ ‘0°'T- ‘. [ I X4 Z~ZvX .) STENDIII8SSR
yba ) {(T000°0 ‘(0°0)TeA® XZ SNUTW BSYX™ '0°0 ‘. It X I—CvX .) STENDI3I0SSE
4
6/, abed eael1sa] Alodiey vLvL ¥0 ‘91 aad 6/9 abed eael1saj Ajodiey vLipL $0 ‘9L qod

dyip - gsd - suod "M 'Y ueq




Dan R. K. Ftis

wZ - drkp

Feb 16,

04 14:14 RatPolyTest.java Page 8/9

Feb 16, 04 14:14

RatPolyTest.java

Page 9/9

}

RatPoly nanAnswer;
nanAnswer = poly(l, 0).div(zero());
assertIsNaNanswer (nanAnswer) ;

nanAnswer = poly(l, 1).div(zero());
assertIsNaNanswer (nanAnswer) ;

public void testDivByPolyWithNaN() {

)

RatPoly nan_x2 = poly(l, 2).mul(poly(l, 1).div(zero()));
RatPoly one_xl = new RatPoly(l, 1);

assertIsNaNanswer (nan_x2.div(one_x1)
assertIsNaNanswer (one_xl.div(nan_x2)
assertIsNaNanswer (nan_x2.div(zero())
assertIsNaNanswer (zero() .div(nan_x2)

)

)i
)i
)i
)i
assertIsNaNanswer (nan_x2.div(nan_x2));

public void testIsNaN() {

)

assertTrue (RatPoly.parse("NaN").isNaN{());
assertTrue (!RatPoly.parse("1").isNaN());
assertTrue (!RatPoly.parse{"1/2") .isNaN());
assertTrue(!RatPoly.parse{"x+1").isNaN());
assertTrue(!RatPoly.parse{"x*2+x+1").isNaN());

public void testDifferentiate() {

}

eq(poly(l, 1).differentiate(), "l1");

eq(quadPoly (7, 5, 99).differentiate(), "l14*x+5");
eq(quadPoly (3, 2, 1l).differentiate(), "6*x+2");
eq(quadPoly(l, 0, 1).differentiate(), "2*x");
assertIsNaNanswer (RatPoly.parse("NaN").differentiate()};

public void testAntiDifferentiate() {

)

eq(poly (1, 0).antiDifferentiate(new RatNum(l)), "x+1");

eq(poly(2, 1l).antiDifferentiate(new RatNum(1l)), "x"2+1");

eq(quadPoly (0, 6, 2).antiDifferentiate(new RatNum(1l)), "3*xA2+2*x+1");
eq(quadPoly(4, 6, 2).antiDifferentiate(new RatNum(0))}, ©4/3*%xA3+3*xA2+2%x")

assertIsNaNanswer (RatPoly.parse("NuN") .antiDifferentiate (new RatNum(l))

assertIsNaNanswer (poly(l, 0).antiDifferentiate (new RatNum(l, 0)));

public void testIntegrate() {

te(l,5),
}

assertEquals ("onefromOtol", 1.0, poly(1l,0).integrate(0,1), 0.0001 );

assertEquals ("2x from 1 to-2", 3.0, poly(2,1).integrate(l,-2), 0.0001 );

assertEquals ("7*x*2+6*x+2 from 1 to 5", 369.33333333, quadPoly(7,6,2).integra
0.0001 );

// Tell Junit what order to run the tests in
public static Test suite() {(

TestSuite suite = new TestSuite();

suite.addTest (new RatPolyTest ( "testParseSimple") ) ;
suite.addTest (new RatPolyTest ( "testParseMultTerms") ) ;
suite.addTest (new RatPolyTest (“"testParseLeadingNeg")) ;
suite.addTest (new RatPolyTest ( "testParseleadingConstants") ) ;
suite.addTest (new RatPolyTest ( "testParseRationals"));
suite.addTest (new RatPolyTest ("testParseNaN"));
suite.addTest (new RatPolyTest ("testUnparseSimple")) ;
suite.addTest (new RatPolyTest ("testUnparseMultTerms")) ;
suite.addTest (new RatPolyTest (“testUnparseLeadingNeg")) ;
suite.addTest (new RatPolyTest ("testUnparseleadingConstants") ) ;
suite.addTest (new RatPolyTest ("testUnparseRationals")) ;
suite.addTest (new RatPolyTest ("testUnparseNaN")) ;

suite.addTest (new
suite.addTest (new
suite.addTest (new
suite.addTest (new
suite.addTest (new
suite.addTest (new
suite.addTest (new
suite.addTest (new
suite.addTest (new
suite.addTest (new
suite.addTest (new
suite.addTest (new
suite.addTest (new
suite.addTest (new
suite.addTest (new
suite.addTest (new
suite.addTest (new
suite.addTest (new
suite.addTest (new
suite.addTest (new
suite.addTest (new
return suite;

RatPolyTest ( "testNoArgCtor") ) ;
RatPolyTest ( "testTwoArgCtor") ) ;
RatPolyTest ( "testDegree") ) ;
RatPolyTest ( "testAdd") ) ;

RatPolyTest { "testSub") ) ;

RatPolyTest ("testMul") ) ;

RatPolyTest ( "testOpsWithNaN") ) ;
RatPolyTest ( "testCoeff") ) ;
RatPolyTest ("testDiv") ) ;

RatPolyTest ( "testDivComplexI") ) ;
RatPolyTest ( "testDivComplexIl") ) ;
RatPolyTest ( "testDivExamplesFromSpec") ) ;
RatPolyTest ( "testDivExampleFromPset") ) ;
RatPolyTest ( "testDivByZero") ) ;
RatPolyTest ( "testDivByPolyWithNaN") ) ;
RatPolyTest ( "testlsNaN") ) ;
RatPolyTest ("testEval®));

RatPolyTest ( "testimmutabilityOfOperations") ) ;
RatPolyTest ( "testDifferentiate” ) ) ; :
RatPolyTest ( "testAntiDifferentiate" ) ) ;
RatPolyTest ( "testintegrate") ) ;
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