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Chapter 3. Stacks, Qucuves. and Linked Lists

Example 3.3: The following table shows a serics of stack operations and their
sfiects on an initially empty crack § of integer objects. For simplicity, we show
integers as arguments of the operations.

et Outpir |~ 5

push|3] — 1 3y |
pushi 3] | - (5,3} |
| eepls | 3 | B
| pushiT} | - | (5.7 |
| popl) 7 (3]
| topl) s | s
sopd |5 | 0
| popl] | Temor” | i |
| isEmpty(} | true [} |
| pushi9] : (4]
osh() | - | &7 |
pushi3i | — | (9.7.3) |
l pushidl | - (9.7.3.3) |
| sizel} | 4 | (9,7.3,5) |
I A

A Stack Interface in lava

Becuuse of ils importance, lhe stack dala structure 15 included as a “built-in” class
in the java.util package of Java. Class java.util Stack 15 a daty structure that stores
gencric Java objects and includes, among others, the methods push(obj). pop().
peek() (equivalent to top()). size(). and em pty( ) (equivalent Lo isEmpty( }1. Meth-
ods popl( ) and peek( ] throw cxception StackEmptyException if they are called on
an emply stack. In Qection 3.5.3, we show an example of a Stack object. While it
i< convenient Lo just use the built-in class java.util.Stack. it is instructive to learm
how to design and implement a stack “from scralch.”

Implementing an absiract data type i Java involves two steps. The first siep
i« the definition of a Java Application Programming Interface {APL), or simply
interface. which describes the names of the methods that the ADT supports and
how they are o be declared and used, A Java “nterface for the stack ADT i TIVET
in Code Fragment 3.1, Note that this inerface is very gencral since 1l specifics
that objects of arbitrary and possibly heterogen2ous classes can be inserted nto the
stack.

The error condition that oceurs when calling method pop(} of top() on an
empty stack 1s sigr ialed by throwing un exception of Lype StackEmptyException,
which is defined in Code Fragment A7




“ I[N ]2 21 Ul RS ST YRS

alp up uatraga dog 2y C§ ARLIE TR JO SUEDUL AQ YIRS B JO uoneseay T aInsn g

Ty aundng |eg)

-
- Ape U1 juawaga don ) Jo X2pul AL S9A1S R)  2[qRLIEA JASIIUL TR snpd § AeLE
JLIDLLLY[D- A7 LT JO 5151%1000 UAL] Y2l any CSjuaga (00| N SANs OEIE MO oy
A OFTE LLUMLIXTEL MU0 fpioads 2 ey 51 uorprpuatl2)dun and jo s7ieap e o
S J0 AUD TPAIEALY 1T U2UM PR ag 0] spast 2215 5, AMLIFE LR 22UIS CARLIE

LR U1 SIS S1T BULI0IS Ay HIEI B OZI[RAL 0] sl mOls 3s "Uonaasgny =)

uoijejuawa|dw| paseg-Aedy 2|dwig vy

clt

HOT25( NS FUIAMO][O] AU1 U 2F8LI21UL ¥2E1G 24 0 vonepuua|dur
1duns ¥ DAL A LAY 1PYL YLK PRARIDOSSE JIEJINUT U JO SPOLjiauL Ji) syuawafd
Wi JB) SSR[D 21200u00 1 apraokd 0] paau as fasn AUR Jo aq 01 [([Y UMAIE B 104

yaes A U uo pages udgs AR
yae1g ayl o ()doy pue ()dod spopaw &g umong uondasxy (€ juawide. g apoy

d

I
I
ua)aedns
{13 Bugjuondeoxgiidwgyoeg jgnd
b uondasxgawiniuny spuaika uondaoxgfidwyseis ssepd aqnd

¥oB1g 2anpEnu] (T uawBel § apo))

1
yoe3s Aldwa ue uo pajjed j umodyl ) tuoidaoxgAadwgyoels saoayl
W2EIS 2yl O Juswale doy 2yl asoWad pue winiad ) (ded 139lgn aygnd
¥IE1S 3Y} OJUO JUILIR UE 1Iasul Huawsa 3oalgn) ysnd proa ognd
spoylaw ajepdn |
waels Mdws ue o pajea j umoayl [/ wondsoxgAadwgyoels smody)
1aWaeja dol ayy winiad 7 (jdoy 333lgp ongnd
Aydwa s1 %ae15 Byl Jaylaym 1sa1 7 (idwgs ueapooq Jjgnd
HIEIS Byl Ul PRICIS SIUIWRE Jo Jaquinu Byl uinial (jazis e ;jqnd

spoylall Jossanne

| yoeig asepaiu) ajgnd

69

SYIBIS “T'F




T0

Chapter 3. Stacks, Queues, and Linked Lists 3

Recalling thal arrays start at index 0 in Java, we initialize ¢ 0 1. We also
introduce a4 new type of exception, called StackFullException, ta signal the crror
condition that arises if we try to insert a new clement and the array S is full. We
can then implement the stack ADT methods as described in Code Fragment 3.3,

Algorithm size(}:
return i — |

Algorithm isEmptyl i-
retarn {f <2

Algorithm top! )
if isEmptyi) then
throw a StackEmptyException
return S|

Algorithm pushio]:
if size[) =N then
thirow  StackFullException
it
1>|.'] - )

Algorithm popl ;-
it isEmpty() then
throw a StackEmptyException

e« St
57 +— null
fo—1-1

relurn ¢
Code Fragment 3.3; lmplementation of stack by means of an array.

The correctness of these methods follows immediutely from the definition of
the methods themselves. There is. nevertheless, a mildly interesting point in this
implementation involving the implementation of the pop method. Mot that we
coulid have avoided resetting the old S[r] 1o null and we would stll have a cormect
method. There is o trade-off in being able to avoid this assignment in Java, how-
aver. The trade-off involves the Java garbage collection mechunism that searches
memary for objects thal are no longer referenced by nctive objects. and reclaims

their space for [uture use. (For more details. see Section 9.4.5.) Let ¢ = 8[f] be the
top element befare the pop method is called. By making $7] a null reterence, we
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T

public class ArrayStack implemen
¢/ Implementation of t

public static final int CAPACITY = 1000;

private int capacity:
private Ohject sl
private int tap = 1:

public BrrayStacki) |
this( CAPACITY )

1

public ArrayStacklint cap! {
capacity = Cap
5 = new Ohject| capacity]:

i

public int size() |
return (top « 1k

i

public boolean isEmptyi] !
peturn (top < o

public void pushiObject abji
if isize(] == capacity]
throw new StackFull
S[++top] = obi:

public Object tapl)

Chapter 3. Stacks, Queues, and [ .inked Lists i

ts Stack |

he Stack interface using an array.

¢ default capacity of the stack

/7 masimum capacity of the stack.
/i S holds the clements of the stack
/i the tap element of the stack.

! £ Initialize the stack with default capacity

/{ Initialize the stack with given capacity

// Return the current stack size

// Return true iff the stack is empty

14 Push a new object on the stack

Exception(''Stack averflow. "l

! Return the tap stack element

throws StackEmpty Exception |

if {isEmptyil)

throw new SyackEmptyException{"Btack is empty.

return Sitopl:
[}

I
public Object popL!

/{ Pop off the stack element

throws StackEmptyException {

Ohject elem:
if (isEmptylid

throw new gackEmptyException("'Stack iz Empty-"h

elem = S[topl:
Sltop—-1= null;
return elem:

1
I

/i Dereference Stop] and decrement top

Code Fragment 3.4: Array-based Java implemeniation of the Stack interface. | <




