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12.1

Objectives E2F H &

After studying this chapter, students should be able to:

Q Define the concept of an abstract data type (ADT).

O Define a stack, the basic operations on stacks, their applications
and how they can be implemented. B EHR R HIER

O Define a queue, the basic operations on queues, their
applications and how they can be implemented. {751 & 3& 5 HiEE
QO Define a general linear list, the basic operations on lists, their
applications and how they can be implemented.

O Define a general tree and its application.

QO Define a binary tree—a special kind of tree—and its

applications. el B R HES

O Define a binary search tree (BST) and its applications.

TS ERRER
QO Define a graph and its applications.
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ADTs #iR BRI EIG

The definition of the data type and the definition of the
operation to be applied to the data is part of the idea behind
an abstract data type (ADT)EZHESRHEIRE K EREER]
RThSRERAEIREAYEI & — to hide how the operation is
performed on the data. For example, the C language defines
a simple ADT as an integer, int. CEESEEs—LifE
R ERIEIRE » 4088 int. The type of this ADT is an
integer with predefined ranges. C also defines several
operations that can be applied to this data type (addition,
subtraction, multiplication, division and so on). CEE= 7,
EERE—SLEXTHRER - K- -F-KREFE. C
explicitly defines these operations on integers and what we
expect as the results.
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Complex ADTs #RERTHIR BRI RIRR

Although several simple ADTs, such as integer, real,
character, pointer and so on, have been implemented and
are available for use in most languages, many useful
complex ADTs are not. As we will see in this chapter, we

need a list ADT SFIRYRISRERIAIRE, a stack ADT 8
HUMSRERIEIRG, a queue ADT {f75IRYHMSR EFIRIRE and
so on. To be efficient, these ADTs should be created and
stored in the library of the computer to be used.
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A stack is a restricted linear list in which all additions and

deletions are made at one end, the top. $/BE—{EH BRISIR
HIFVERMERS » A INEKMER —E R L TR, If we

insert a series of data items into a stack and then remove
them, the order of the data is reversed. This reversing
attribute is why stacks are known as last in, first out &k}&

#ESLH(LIFO) or first in, last out BkRSL#ERH(FILO)

data structures.
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Operations on stacks H:BHVER

There are four basic operations, stack, push, pop and
empty, that we define in this chapter.

push (S,Aum)

{ top =top +1;
S[top] = num;

}

pop (S)

{ num = S[top];
top = top -1;
return num;

}
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Stack applications ¥ S FEER

Stack applications can be classified into four broad
categories: reversing data/Z#8E5%/, pairing datafi72/Z5F,
postponing data usage ZE7& ZE#fFF and backiracking
steps Az /el sE5:

Stack implementation 3B E/E

Stack ADTs can be implemented using either an array or a
linked list. $f:48 =] {55 F R 51| S ak4E 5 | 2R B E.

In array implementation, we have a record that has two
fields. The first field can be used to store information about
the array. The linked list implementation is similar: we
have an extra node that has the name of the stack. This node
also has two fields: a counter and a pointer that points to
the top element.

12.7

Exercise
Give a stack S as below,
determine Top = and S[top]= after Pop(S),

Push(S,25), Push(S,33), Pop(S), Pop(S), and Pop(S).
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A queue is a linear list in which data can only be inserted at

one end, called the rear, and deleted from the other end,

called the front. {5l —&RMEH5] » A —EEEHRER
Irear ; R —E&EE R {E BN front. These restrictions
ensure that the data is processed through the queue in the
order in which it is received. In other words, a queue is a
first-in first-out (FIFO)&ERIFciESLH or last-in last-out
(LILO)BRE Rl 3% H structure.
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Operations on queues {TFIAYEE

Although we can define many operations for a queue, four

are basic: queue, enqueue, dequeue and empty, as defined
below.

enqueue (Q,num)

{ rear =rear +1;
if (front ==-1) front = rear;
Q[rear] = num;

}

dequeue (Q)

{ num = QJ[front];
front = front +1;
if (front ==-1) rear = front;
return num;
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Queue applications {751V ER
Queues are used in online business applications such as
processing customer requests, jobs and orders. %I &

HE&R TETRBIRERRENHRR - REETESE.

Queue implementation {F7|EYE{E

A gueue ADT can be implemented using either an array f&
S| or a linked list §845. In the array implementation we
have a record with three fields. The first field can be used to
store information about the queue.The linked list
implementation is similar: we have an extra node that has
the name of the queue. This node also has three fields: a
count, a pointer that points to the front element and a pointer
that points to the rear element.
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Exercise

Please show the contents of the queue Q after
the operations of enqueue(Q,54), dequeue(Q),
enqueue(Q,71), dequeue(Q), dequeue(Q), and
enqueue(Q,33), and Front=? and Rear="?

A 7
Front Rear
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A tree consists of a finite set of elements, called nodes

(or vertices) and a finite set of directed lines, called
arcs, that connect pairs of the nodes. {7 FRAYETEL
BRI4RFTRERR - A EIR - e EREE

Each node in a tree may have a subtree. BiEVEIREE] DIH
T8 The subtree of each node includes one of its children

and all descendents of that child S80S 5 T HA
.?
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Physical structure of a tree, each node includes one of its
children and all descendents of that child. BifYE &S

 BESNE SRR TFEET
typedef struct node {
char name[20];
struct node *Ichild, *rchild, *father:
NODE ; Root
) v [T
I John =
7 -
Mary [ Rom |\

I I Ton Jessy I I Pat
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A binary tree is a tree in which no node can have more

than two subtrees. — RS {EET R M BT/ In

other words, a node can have zero, one or two subtrees.

root

()
ONNO)

Operations on binary trees —tRIlVER  ©
The six most common operations defined for a binary tree
ZREERENE are tree /454 (creates an empty
tree), insert #5 A —ATBLE K, delete 57 — &7 8L EHY,
retrieve #f Z — A7 &5 B &F, empty B & & B 249 and
traversal 25— I K BT
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Binary tree traversals — o 7 81t (FrA EiBEEED)

A binary tree traversal requires that each node of the tree
be processed once and only once in a predetermined

sequence. TR iEHE RETEETRIEF T » EERMES:
FEF—X The two general approaches to the traversal

sequence arepfEIEHENES & depth-first 25 /& @& and
breadth-first& & &G traversal.
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Expression trees B2 #f

An arithmetic expression can be represented in three

different formats: EAT=NgEF =T prefixgiE =,
infixth B =, and postfix{£ B .

Prefix: +AB
Infix: A+B
Postfix: AB+

d
"\
%’
7]
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A binary search tree (BST) is a binary tree with one extra
property: the key value of each node is greater than the key

values of all nodes in each left subtree and smaller than the
value of all nodes in each right subtree. — TSI ES:
INREZETRERIERAETE - RIRZETIRERERET
)
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Exercise: Please build a binary search tree for a series of
numbers, 59, 64, 42, 85, 78, 36, 98, and 89. SFEY—FH
TR SR M —EBRYE (IR7R59)

12.19

A very interesting property of a BST is that if we apply the
inorder traversal of a binary search tree, the elements
that are visited are sorted in ascending order.

H o TESEHEP e &GR:

42,55, 60,78, 85, 95, 99, 117 EH&EFEIAH/NmAHEF
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Review Questions

»What are the major differences between Stack and
Queue ADTs?

»>Please define a Stack and show their algorithms of
push(S,data) and pop(S).

»>Please define a Queue and show their algorithms of
enqueue(Q,data) and dequeue(Q).

> Please show the preorder, inorder, and postorder for
the binary tree.
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