CSc335 (OO Design and Progranm ng) Assi gnment 6 Spring2008:7 1/6

Handed out: Thursday, February 28, 2008
Due: Wednesday, March 5, 2008, by 10PM using Wb Turnin

Testing and docunentation are a najor focus of this assignnent, but you wll
have to do sone programming as well. This will be your first pair programming
assignnment. Think of it as training for the final project ;-)

Keywor ds using Bitstrings:

What’'s a bitstring? It's a sequence of bits with each bit
representing sonething larger. A byte (eight bits in nenory) is a
bitstring of length 8. A bit is a binary digit: it can be either 1 or
0.

Your task is to reinplenment the icritters. base. KeywordCol | ecti on cl ass
using a bitstring of length 63. You will use a private instance
variable of type long as the internal representation of your new data
structure. Note: Because Java uses 1 of the 64 bits of a long as an

i ndi cator of the sign (positive or negative) of the value, we wll
only use bits 0-62 for a total of 63 bits.

To represent our data, each keyword (a String) gets assigned a
particular bit index (an Integer between 0 and 62, inclusive). If that
bit is on (a’'1 value), then the keyword exists in that
Keywor dCol | ection. This allows us to store a potentially |arge
collection in a small space. |nagine having an ArraylList with 30+
Strings in every ICritter; you' d use a ton of nenory. The bitstring

i npl enent ati on conpresses the collection into a single | ong per
collection (plus the | ookup HashMap descri bed bel ow).

Basi c Binary:
Before going further, it is necessary you understand the basics of
binary. We typically use decimal in everyday life. Decimal is a base
10 system nmeaning every digit can have 10 distinct values. As nunbers
grow beyond the size of one digit, they becone the sum of powers of the
base. The nunber 1987 is interpreted to nean
digit 3 digit 2 digit 1 digit 0

1000*(1073) + 900*(1072) + 8*(1071) + 7*(1070)
(x"y neans x to the yth power)
Bi nary works the same way, but with a base 2. 1010 neans

bit 3 bit 2 bit 1 bit O

1%(273) + 0*(272) + 1*(2°1) + 0*(2°0)
1*8  +  0%*4 + 1*2  + 0*1

8 + 0 + 2 + 0 = deciml 10
Make sense? If you're still not feeling confortable, ask your section
| eader for nore detail, check the technical notes |inks bel ow, or

search the interwebs
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Using bitstrings to represent the collection

Your inplementation of KeywordCollection relies on the follow ng
pi eces:

A bitstring (type long) which you will use sinply as a place to nark
what bits (which correspond to keywords) are on (indicating the
keyword is present in the collection) or off (keyword is not present
in the collection). There will be one bitstring in each
Keywor dCol | ecti on obj ect .

A keywor dToBit | ookup table: you will use this table to naintain and
| ookup what bit indices correspond to a given keyword. There should
only be one table for the KeywordCollection class. You could

i npl enent a private hel per nmethod that could be used like this:

get Bi t For Keyword( "Eggs" ) ----> returns 3 (given exanple bel ow)
You must have the ability to | ookup a keyword (String) given a bit
i ndex as well. You could al so have anot her private hel per nethod
like this:

get KeywordForBit( 7 ) ----> returns "Zoos" (given exanple bel ow)

| mpl enentation details follow, but first here’'s an exanple of how
t hese pieces interrel ate.

In the exanple below, bits 5 and 0 are on. This nmeans that this
Keywor dCol | ecti on contains the keywords "Misic" (bit 5) and "Lanpreys”

(bit 0).

bit val ue 0... 00100001
bit nunber 62 ... 76543210
(deci mal val ue (275) + (270) = 33)

keywordToBit {"Lanpreys":0}, {"Jazz":1}, {"Art":2}, {"Eggs": 3},
{"Aninme":4}, {"Msic":5}, {"Manga":6}, {"Zoos":7}

Agai n, each KeywordCol Il ection instance will have its own bitstring of
type long. This bitstring tells us (via its "on" bits) what keywords
the col |l ection contains.

The keywordToBit tabl e above gives us a way of |ooking up a keyword to
get the bit index. There should be a single |ookup table that is used
by all KeywordCollections. To go backwards, (froma bit index to
keyword) you could keep a reverse | ookup array (it would be an array
of Strings, where the String at location 0 is the keyword that
corresponds to bit 0 and so on), or you can do it on the fly though
that will require nore work. Note that there would al so only be one
reverse |l ookup array (if you inplenment this) shared by all the
Keywor dCol | ecti on objects as well.

The keywordToBit | ookup table should be inplenented as a
HashMap<String, I nteger> as a class (not instance) variable (since
there should only be one for all the KeywordColl ections).

Note that in the exanple above the keywordToBit table is in order of
the bit indices, this will probably not be the case in typical usage
HashMaps do not have an order
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Expl ore the HashMap APl to understand how to | ookup and add itens to a
HashMap. You will be using the table to map from keywords (Strings)
to respective bit indices (Integers). You should also be able to
figure out how to go backwards frombit indices (Integers) to keywords
(Strings), though it requires nore work. Keeping a reverse |ookup
array is also acceptabl e as nentioned above.

You may well say, "I could just keep the array of Strings and iterate
down it to find the String |I'mlooking for, why do | need the
HashMap?" The usual answer is speed. Iterating down the array of

Strings is very slow conpared to using the HashMap. Not only are
HashMaps faster, but they are also very convenient. To know HashMaps
is to |l ove HashMaps.

The keywordToBit HashMap wi Il have a nmaxi mum of 63 entries. You wll
have to keep an eye on the nunmber of entries - if the user tries to
add nore than 63 keywords, your code nust throw the exception detailed
bel ow. The HashMap will start out as enpty, and have new keywords
added to it as they are encountered. In this inplenentation, keywords
are never renoved fromthe HashMap, though keywords nmay be "renpved"
froma collection (which would sinply turn those bits off in the
collection’s bitstring).

A conveni ent hel per nethod for the KeywordCol |l ection class would be
the foll ow ng:

private bool ean isBitOn(int place)

This nmethod determnes a bit's status. It takes an int val ue
representing which digit is to be exan ned (how many places fromthe
right is the bit under question). It will return true if the
corresponding bit is on (a '1 value) in this KeywordCollection
object’s bitstring, and fal se otherw se.

Before you start trying to solve this using a lot of math, start
thinking in bits. W can use what's called a 'bitnmask’ to determ ne
if abit is on or off. Say you' re looking for the place 1 bit, the
mask is equal to the value of the place (with the decinmal val ue of 2
(21 = 2) in this case.) If we do a bitwise AND on the bitstring
and the mask, there are two outcones: if the bit was on, the result
is not zero, otherwise the result is zero. The picture formis

bel ow, and Java code is on the foll ow ng page:

EX1: bit #1 off

%
bitstring 011101012
mask 00000012

000OO0OO0O0OOO Result of bitw se and
N
EX2: bit #1 on

v
bitstring 01110111
mask 00000012

000O0OO0O0OT1O Result of bitw se and
N
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The correspondi ng Java for this exanple section is:

int bitlndex = 1;

i nt bitMsk = Math.pow( 2, bitlndex ); // 2"1 =2

/1 or you can use bit shifting

/1 int bitMsk = 1 << bitlndex; [// The shift operator

int exlBitstring = 117; // 01110101in binary
int ex2Bitstring = 119; // 01110111 in binary

if(( exlBitstring & mask ) == 0 ) {
Systemout.println( "ex1l has bit off" );
} else {
Systemout.printlin( "exl has bit on" );
}

if(( ex2Bitstring & mask ) == 0 )
Systemout.println( "ex2 has bit off" );
} else {
Systemout.println( "ex2 has bit on" );
}

When run, this prints:

ex1l has bit off
ex2 has bit on

As we can see, the result of the AND operation is dependent on the
bit in the value place. Use that know edge.

Keywor dCol | ecti on nust inplenment the foll owi ng nethods:

public bool ean addKeyword(String keyword)
throws icritters. exceptions. TooManyKeywor ds

Add keyword to collection. |If keyword already existed in the
collection then true is returned, otherw se false. If a keyword

al ready existed and is added again, it still returns true. |If
keyword was not seen before then a bit index is assigned in the
translation map. This throws the TooManyKeywords exception if the
user tries to add nore than 63 keywords.

publ i ¢ bool ean renmoveKeyword(String keyword)

Remove keyword fromcollection. Returns true if keyword existed in
collection, otherwise false. If keywrd was not seen before then a
bit index will not be assigned in the translation map

public List<String> |istKeywords()
Return a list of the keywords in this collection
public static List<String> |istLookupKeywords()

Return a list of the keywords in the keywordToBit HashMap table.
You can think of this as returning a list of all of the keywords
t hat have ever been added to any of the collections, whereas
listKeywords returns only the keywords in the collection it was
cal I ed on.

public void cl ear Keywords()
Clear all keywords fromthis collection. This does not affect the
keywor dToBit HashMap tabl e.
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publ i c bool ean cont ai nskeyword(String keyword)

Returns true if this set contains the specified keyword. |f keyword
was not seen before, then a bitnunber is not assigned.

public static bool ean | ookupCont ai nskeyword(String keyword)

Returns true if the keywordToBit HashMap table contains the
speci fied keyword.

public bool ean i sEnpty()
Returns true if this collection contains no keywords.
public int size()

Returns the number of keywords in this collection. (Hnt: there are
many ways to do this using bitw se operations. And there are other
tactics that will work fine as well.)

public int |ookupSize()
Returns the nunmber of keywords in the keywordToBit HashMap tabl e.
public doubl e correl ati on(KeywordCol | ection otherCollection):

Returns the percentage of keywords that match between this
collection and the other collection. This should have the sanme
results as in the [ ast assignment.

icritters. exceptions. TooManyKeywords exception

As nentioned above, we can’t nanage nore than 63 keywords in this

i npl enent ati on, so your code nmust be sure to keep track of the nunber
of keywords added, and throw a TooManyKeywords exception if we ever
attenpt to cross that limt. TooManyKeywords should not be of type
Runti neException, and just have a single constructor that takes a
String argunent. It should be in its own class, in the

icritters. exceptions package.

Docunent ati on:

You will be required to fully coment using javadoc conments. You
shoul d have an @wuthor tag and description at the start of every

cl ass, and you should al so use, at the beginning of every nethod, the
@aram @eturn, and @hrows tags as appropriate. (i.e. If your

met hod doesn’t throw an exception, you don't need an @hrows tag.) W
will be generating HTML from your javadocs.

Testi ng:

You are required to test your KeywordCollection code fully using JUnit
tests. W will be running our exhaustive tests on your version of
Keywor dCol | ection. This would be whitebox testing. |If we find a bug,
it neans you didn't test enough!

Your JUnit tests will also be run against a buggy inplenmentation of
t he KeywordCol | ection inplenentation, so witing good tests is
crucial. This would be blackbox testing. Make sure you turn in your

test cl asses!

Coding style will also be a grading criteria.
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Hints:
Still really confused about how this bit stuff works? Read the |inks
below. Still confused? Ask your section |eader for some gui dance

Bitstrings have many advantages in regards to both nmenory space and
operation speed. If you think your code for a particular operation is
really bul ky, you're probably right. That said, we're not | ooking for
ef ficiency, but rather a working product.

Pair Progranming Hnts:

This is your first pair progranm ng assignment. Use the opportunity to
test the water with soneone you' re unsure about working with later. The
final project is around the corner and an inconpatible teamcan ruin
everyt hi ng.

Havi ng trouble dividing the labor? One of you should wite the tests
while the other wites the KeywordCol | ection code, then watch the fur
fly. Please renenber that the other person isn't always w ong.

Techni cal Not es:

Bi nary System
http://ww. j aneg. ca/ scj p/ oper/ bi nhex. ht n
Bi twi se Operations:
http://en.w ki pedi a. org/w ki/Bitw se_operation
Bit operations in Java:
http://java. sun. conf docs/ books/tutorial /javal/ nut sandbol t s/ op3. ht ni

A useful debugging tool is Java's Integer.toBitString static nethod:
Systemout.print( Integer.toBinaryString( 33 )) -> prints 100001

Admi ni strative Notes:

Si nce KeywordCol |l ection stands alone (i.e. it doesn’'t depend on any code
fromlICritters) you only need to start up a new Eclipse project with the
correct name (see below) and turn it in with your KeywordColl ection.java
file, the TooManyKeywords.java file and your file(s) of tests. Should
you see the need for additional classes, just be make sure to include

t hem when you turn in your project.

Assum ng that the two nenbers of the exanple pair are naned John Doe and
Hei ronynmous Bosch, they decide (as you will have to in your pair) that
Hei ronymous will be responsible for turning in the project. Since

Hei ronynmous’ section |eader is M. Jerabek, their Eclipse project and
turnin folder would be call ed:

Jer abek _Bosch_Hei r onynous_Doe_John_hw6
| \ \ \ \
| \ \ \ \
| _ A\ \ A\ A\

/ \ / \ / \ \ / \
<SLI| ast > <ST1l ast name>_<ST1f i r st nanme>_<ST2| ast name>_<ST2f i r st name>_hweé

Where SL neans Section Leader
and ST1 nmeans Student 1 (in charge of turnin)
and ST2 neans Student 2

You will be graded together (i.e. a single grade will be issued for the
project turned in), so it is your responsibility to nake sure your
partner is holding up their end. If you run into problenms with your
partner, talk to your SL inmediately.

$ld: ICrittersAssignment6.txt,v 1.12 2008/ 02/27 05:26:44 ivan Exp $



