Java Fundamentals

. Problem solving
— NIM
. Rudiments of Java

— Classes, objects, methods, constructors
— Declar ations, statements, output

- Backus Naur Form (BNF)
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Goal: Problem Solving

. Problem solving
— Defining the problem
— Designing a solution
— Implementing a solution
— Testing your solution and debugging it
— How to decide your solution “works”

- How to dothisin an object-oriented style?
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Problem Solving

- Algorithm

— Precise, unambiguous set of stepsto follow to
solve a problem

- Simplegame: NIM
— N objects
— playersalternateturns
— a player must pickup either 1 or 2 objects
— loser 1s player who picks up last object
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NIM

What is optimal strategy for playing NIM ?
Must assume each player triesto win game
What do we know about the game?

If 1 object |eft,
— Pick it up and declare self “loser” 11?7?11
—n=1lisalosing state for whoever hasthat turn
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NIM

. |f 2 objectsleft,
— Pick up 1 object and for ce opponent to lose
— Pickup 2 objectsand lose; NO
— n=21sawinning state

. |f 3 objectsleft,
— Pickup 2 objects and force opponent to lose
— n=3iswinning state
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NIM Analysis

. A playsfrom 6 pieces:
— Aremoves?2, Bremoves2, Aremovesl, A
wins ©

— Aremoves2, Bremovesl, A removes?2, A
wins ©

— Aremovesl, Bremoves2, Aremoves?2, A
wins ©

— Aremovesl Bremovesl, Aremoves2, B
removes ], A loses®

— S0 A alwaysremoves 2 to guarantee a win!
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NIM Analysis

- Easier toreason about the game from its
end to its beginning.
—n=1lisalosing state, n=2, n=3 arewinning
states
—n=47?if take 1 or 2 put opponent into n=3 or n=

2, both winning states; therefore, n=4isa
losing state!

— n=57If take 1, put opponent into n=4 which isa
loss for him. if take 2, put opponent into n=3
which isawin for him; therefore, will always
take 1 and win!
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NIM Strategy

-nN=12 3 456 78 9 10 11 12
LWWLWWLWWLWW
- How many objectsto remove?

— Can be calculated each time
— Can encodein aformula

. Rule:

— If nismultiple of 3, remove 2
— If nisnot multipleof 3, remove 1
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NIM (3)

- SiImple game: NIM(3)
— N objects
— players alternateturns
— player must pickup 1, 2 or 3 objects
— loser Is player who picks up last object
- What’sthe optimal strategy for winning?
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NIM (3)

n=1islosing state

n=2 Iswinning state
n=3 iswinning state
n=4 iswinning state
n=5Islosing state...
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NIM (3) Strategy

n=12 3 456 7 891011 12 13
LWWWLWWWLWWWL
r—01230123 12 30

for r = (n+3)%4 where % yieldsremainder
from integer division
— If r iIsnot zero, remover objects
— If r Iszero, remove 1 object
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NIM (k) Strategy

- Removel, 2, 3,...,(k-1), or k on each move

- Rule:
—r = (n+k)% (k+1)
— If r not zero, remover objects
— If r Iszero, remove 1 objects

- Worksfor any game of thisfamily.
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Next Step

- Writea program that can play NIM
against a person, using the winning
strategy we derived

« Need to know intrinsic components of a
Java program before doing this

- Basic idea we have used is same notion as
In |BM Deep Blue chess program which
beat Gary Kasparov last year!
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Example 1, Airport

. Objects- airplanes, crew members, food
trucks, baggage trams, etc.
- Actions

— removeBaggage for baggage trams
— takeOff for planes
— loadMeals for food trucks
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Fundamentals

- Program - set of interdependent classes
with one specified asthe distinguished
class (where computation starts)

. Class (or type) - adescription of attributes
(properties) and oper ations (capabilities)
shar ed by some objectsin the problem
being solved

—e.g., plane, foodTruck, crew, baggageTram
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Fundamentals

. Class

— Each attribute (sometimes called instance
variable) described by a Java declaration

—e.g., Seating capacity of a 747
— Each operation isa Java method
—e.g., Assigning a flight schedule to a crew member
- Object - Instance of a class; something with
specific attribute values for which the

class s operations make sense
—e.g., a specific crew member, a particular plane
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Example 1, Airport

Crew Class Attribute a Crew object
name Jane Doe

nome phone 888-111-2323
pased at EWR

job co-pilot
specialties CPR, navigation

Crew Class Operations

assign to flight number

schedule annual training r efr esher
takes vacation with startdate, enddate
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Example2, NIM

Nim GameAttribute _a Nim Game object
Total stones 6

Nim Class Operations
Remove one stone

Remove two stones

Start game with pile of stones
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Java Terms

- Method - operation consisting of a
seguence of instructions

. Statement - a complete instruction

. |dentifier - aname
— Must begin with a letter
— No embedded spaces allowed

— Upper case and lower case distinguisned

—e.g., takesVacation and TakesVacation are
different!

Barbara G. Ryder© CS111 Spring 1998 Fundamentals(2) 19



MoreJava Terms

- Variable- adataitem of primitivetype
— boolean (Boolean) true, false
— Int (integer) -1,0,5
— double (real number) 2.5, -.03
. Different than objects
- Used asauxiliary valuesin Java, to do simple
calculations and as simple properties of
obj ects
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Variables

- Declaration createsstorage for avariable
| nt total Stones;
I nt all Stones, newoi |l e;
. Assignment associates a value with af +
variable
t ot al St ones = 15; totalStones |
- Defined operations
— e.g., arithmetic, comparison
total Stones - 2, total Stones > 20
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Defining Syntax: I ntegers

<digit> — 0]1|2|3|4|5|6|7|8]|9

<integer-number> — <digit>
<integer-number> — <integer-number > <digit>

<integer-number> can

<integer-num
<integer-num
<integer-num
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0€er > can
D€er > can

0€er > can

ne 1,
ne 2,
ne 12,

ne 21, €etc.
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Defining Syntax

- Bishop, p 20 “ An identifier in Java consists of
letter sand digits, but must start with aletter.
Spaces are not allowed and capital and small

letter s are consider ed different...”

. Seguence of lettersand diqits, starting
with a letter
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<letter> — A |a|B|b|C|c|D|d|E|e
Hlh|1[i]J]]|K[k|L|I[M]|m]O]
qIR|r|S|s|T|t|U[u[V]|Vv[W]w]

A BNF Definition - ldentifier

<digit>—>0(1]2|3|4|5|6|7|8]|9

Z|z

<IC
<IO
<IO
<IO

entifier> —» <
entifier> - <
entifier> - <

|FIf|G|g]
o|P[p|Q]
XIx|[Y|y]|

elter>
etter> <diqit>
etter> <letter>

entifier> — <identifier> <letter>
<identifier> — <identifier> < digit>
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|dentifier

<ildentifier> — <letter> can be A

<identifier> — <letter> <digit> can be x1

<|dentifier> — <letter> <letter> can be oK

<|dentifier> — <identifier> <letter> can be
oKA, x1b or AA

<identifier> — <identifier> <digit> can be
oKAlor Al23

Rule: haveto build the construct by
substituting right-hand-side for the
nonterminal on theleft of therule.
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Derivation of A123b

<identifier> — <identifier> <letter>
— <identifier> <digit> <letter>
— <identifier> <digit><digit> <letter>
— <identifier> <digit> <digit> <digit> <letter>
— <letter> <digit> <digit> <digit> <letter>
— A <digit> <digit> <digit> <letter>
— A 1I<digit> <digit> <letter>
— A 1 2<digit> <letter>
— A 12 3<letter>
—>A 123D
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BNF - Tool for Defining Syntax

Bishop, p 27

output statement

System.out.println ( items );
System.out.printin ();
System.out.print ( items );

Can be 3rulesin BNF, with — read as* produces’,

< output-statement > —> System.out.printin ( <items>);
< output-statement > —> System.out.printin ();

< output-statement > —> System.out.print ( <items>);

or lrulewritten in shorthand, where| means“or”,

< output-statement> —> System.out.println (<items>); |
System.out.printin (); | System.out.print (<items>);
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Backus Naur Form (BNF)

. A description language for the “ shape” or
syntax of programming language constructs

. Congstsof terminals, nonterminals, rules

- Each rulecorrespondsto ablock diagram in
Bishop text

— Nonterminal isin top box

— Choices of right-hand-sides are in bottom box

— Terminalsarein plain font; nonterminalsin

italics; keywords (which areterminals) in
boldface
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Backus Naur Form

- Terminals
— Atomic building blocks of the language
— Keywords shown in color

. Nonterminals
— Written as < nonter minal name >

- Rulesfor forming constructs use
terminals, nonter minals and constructs we
already have formed form other rules

Nonterminal — right-hand-side

Barbara G. Ryder© CS111 Spring 1998 Fundamentals(2) 29



