Trad, binara trad och soktrad

Koffman & Wolfgang
@ kapitel 6, avsnitt 1—4



Trad

Trad ar ickelinjara och hierarkiska:
© 1 motsats till listor och falt
© en tradnod kan ha flera efterfoljare ("barn”)
© men bara en foregangare ("foralder”)

Trad ar en rekursiv datastruktur
Exempel pa strukturer som kan lagras i trad:
¢ Javas klasshierarki

¢ en katalog pa harddisken, och dess underkataloger
¢ ett familjetrad
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Bin3ara tra

Vi fokuserar pa binara trad:
@ varje nod har maximalt tva barn

Binara trad kan implementeras som:

© en lankad struktur

@ binara soktrad, avsnitt 6.4
O ett falt

@ heap, avsnitt 6.5



Termi nologi ot

en nods niva = 1 + avstandet till roten

en trads hojd = den storsta nivan 4
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Exempel: HufHmantrad

Ett Huffmantrad anvands for att representera en Huffmankod
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Binara soktrs

I ett binart soktrad ar alla noder 1 det

vanstra deltradet mindre an foraldern,
som 1 sin tur ar mindre an alla noder
1 det hogra deltradet

Eller, mer formellt:

T ar ett soktrad omm T ar tomt, eller:
© T har tva barn, Tt och Tr, som ar binara soktrad, och
@ vardet 1 T:s rotnod ar storre an alla varden 1 Tr, och
© vardet 1 T:s rotnod ar mindre an alla varden i Tr

Detta ar en invariant, som man kan anvanda for att
kontrollera att ens kod ar korrekt
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Sékningi bindra soktrs

Att soka efter target 1 ett binart soktrad:
© om tradet ar tomt:
@ return null

© annars, om target matchar rotnodens data:
@ return rotnodens data

© annars, om target ar mindre an rotnodens data:
@ sok efter target i vanstra deltradet

© annars ar target storre an rotnodens data:
@ sok efter target 1 hogra deltradet



Sékningi bindra soktrad

BST-sokning har potential att fa logaritmisk
komplexitet, O(log n)
Men 1 varsta fall ar sokningen linjar, O(n)

© om tradet ar
valdigt skevt:




Perfekta binara trad

Ett perfekt binart trad
ar ett binart trad med
hojd n som har exakt
2™ — 1 noder

[dettatallarn =3
ocha"—-1=7



Nivabalanserade binara trad

Ett nivabalanserat

(fullstindigt/complete) 3)
binart trad ar ett / \@
perfekt binart trad /
(ner till niva n—1), o (2] (a4

med nagra extra lov
pa niva n, dar alla
ligger till vanster
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Generella trad

Noderna 1 generella trad kan ha hur manga barn
som helst

Will|iam I
| | | | |
Robert William II Adela Henry |
| | | | 1
William Stephen William Matilda
Henry Il
| I I
Henry Richard | Geottrey John
|
| l l
Arthur He?ry n Richard
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Edward Il




Binérisering av genere”a trad

Ett generellt trad kan g ]
representeras av ett William™™ T william 1
binart trad: Stephen)’“"‘> ey
o forsta barnet blir U Maida
ett vansterbarn A
@ dess hogersyskon s SR
blir ett hogerbarn Arrl:;:‘jm " John
Q ...vars hogersyskon Edward1 T Richard
blir hogerbarn S - dmnd

Edmund
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Tradtraverserin g

Preorder:
© besok rotnoden, sedan Ti, sedan Tr

Inorder:
© besok T, sedan rotnoden, sedan Tr

Postorder:
© besok Ti, sedan Tgr, sedan rotnoden
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Tradtraverserin g

“You can visualize a tree
e e i(a)
traversal by imagining a =
mouse that walks along the
edge of the tree (b ) (o)

If the mouse always keeps
the tree to the left, it will ()t (et /()
trace a route known as the

Euler tour ¢¢ ;f $f %f

The Euler tour is the path
traced in blue in the figure
on the right”
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Preorder

Musen besoker varje
nod innan den besoker
deltraden.

(De nedatpekande
pilarna).

I dethar fallet blir det:
gabdgehcti]
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Inorder

Musen besoker forst
det vanstra deltradet,
sedan noden, och sist
det hogra deltradet.

(Hogerpilarna).

I dethar fallet blir det:

gdgbheaifjc



i/

Postorder

Musen besoker noden
efter att den har besokt
deltraden.

(De nedatpekande
pilarna).

I dethar fallet blir det:
@gdhebijfca



Inordertraverserin gav soktrad

Om vi besoker noderna
1 ett binart soktrad
inorder sa far vi ut
noderna sorterade.

I detta fall:

gorilla, hamster, lemur, owl, penguin, wolf



Att implementera bindra trad

Klassen Node<E>:

¢ en nod bestar av lankar
till sina eftertoljare

@ precis som lankade listor

© fast nu ar det tva lankar
istallet for en

19
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Klassen 5inar9Tree<E‘>

BinaryTree f‘ Node
/"'—\)
root = [ ——| /1eft = [ ——
right = [ ——_
data = 1
Node Node
| S ey ///’,,,, i
left = [Z}—> left = IE—)
right = [——— right = [———
data = '4 data = '/* )
Node Node Node Node
left = null left = null left = null left = null
right = null right = null right = null right = null
data = 'x' data = 'y' data = 'a’ data = 'b’




Klassen 5inar9Tree<E‘>

BinaryTree /‘ Node
/1eft >

root = [ ——| = [ —/—
right = [——_
antag att data = '«
detta ar bt
Node Node
/"”’_\
left = E—> left = E——D
right = [ —— right = [ ——
data = e data = l/l )
Node Node Node Node
left = null left = null left = null left = null
right = null right = null right = null right = null
data = 'x' data = 'y' data = 'a' data = 'b’
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Klassen 5inar9Tree<E‘>

BinaryTree /o Node
/1eft

root = ——| -
right =

da ar detta
bt.root.data

antag att CLREY G
detta ar bt
Node Node
/’_\

Jeft = left = IE—>

right = right = [ ——

data = data = '/’ ";::>

Node Node Node

lTeft = null left = null left = null left = null
right = null right = null right = null right = null
data = 'x' data = 'y' data = 'a' data = 'b’
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Klassen 5inar9Tree<E‘>

BinaryTree /o Node

root = [— /1eft

da ar detta
bt.root.data

och detta

-
—
(o]
=
rt
- n

antag att datags sl bt.root.right
detta ar bt
Node Node
/’_\
left = [Zl—> left = E—>
right = [—— right = [ ——
data = '4° data = v/ )
Node Node Node Node
left = null left = null left = null left = null
right = null right = null right = null right = null
data = 'x' data = 'y' data = 'a’ data = 'b’
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Klassen 5inar9Tree<E‘_>

BinaryTree /‘ Node
/1eft

da ar detta
bt.root.data

och detta
bt.root.right

-
O
o
+t
|
-
—
(o]
=5
rt
n un n

antag att
detta ar bt

Node Node

/'/-,—\ ///-’—\
left = [E—) left = [:~}—>
right = 3 — ht = [ ——
data = \Q'a\/'

och detta
bt.root.left.right.data
_/

Node Node Node Node
left = null left = nu]] left = null left = null
right = null right = nu right = null right = null
data = 'x' data = ' data = 'a’ data = 'b'

20
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Klassen 5inar9Tree<E>

protected Node<E> root Reference to the root of the tree.

public BinaryTree() Constructs an empty binary tree.

protected BinaryTree(Node<E> root) Constructs a binary tree with the given node as the root.

public BinaryTree(E data, BinaryTree<E>  Constructs a binary tree with the given data at the root

leftTree, BinaryTree<E> rightTree) and the two given subtrees.

public BinaryTree<E> getLeftSubtree() Returns the left subtree.

public BinaryTree<E> getRightSubtree() Returns the right subtree.

public E getData() Returns the data in the root.

public boolean isLeaf() Returns true if this tree is a leaf, false otherwise.

public String toString() Returns a String representation of the tree.

private void preOrderTraverse(Node<E> Performs a preorder traversal of the subtree whose root is

node, int depth, StringBuilder sb) node. Appends the representation to the StringBuilder.
Increments the value of depth (the current tree level).

public static BinaryTree<E> Constructs a binary tree by reading its data using

readBinaryTree(Scanner scan) Scanner scan.




Konstruerare

public BinaryTree( E data,
BinaryTree<E> leftTree,
BinaryTree<E> rightTree)

root = new Node<E>(data);

if (leftTree |=null)

root.left = leftTree.root;
else

root.left = null;

if (rightTree !=null)
root.right = rightTree.root;
else

root.right = null;

22
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Konstruerare

public BinaryTree( E data,

BinaryTree<E> leftTree,
BinaryTree<E> rightTree)

root = new Node<E>(data);

if (leftTree |= 11)

‘| tradmetoder behover vi

4 1 de flesta )

kontrollera om nagon

root.left = leftTree.root;
else
root.left = null; _~~

if (rightTree != nﬁ“ﬂ)
root.right = rightTree.root;
else
root.right = null;

U pekare ar null )




Bindra soktrad

I ett binart soktrad ar alla noder 1 det vanstra
deltradet mindre an foraldern, som i sin tur ar
mindre an alla noder 1 det hogra deltradet

COW jack milked that
built log IS killed malt priest horn LOSSeC i
and cock impled  forl in  kept kissed maiden shaven tattered tl tl
AN A \ avATA
all ate catcorn crowed farmerl i sowing thet vaked

25
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Sékning | ett binart soktra

Algoritm search(BinaryTree<E> tree, E target):
© return searchNode(tree.root)

Rekursiv privat algoritm searchNode(Node<E> node):
© om node == null: return null
© om target == node.data: return node.data
© om target < node.data: return searchNode(node.left)
© om target > node.data: return searchNode(node.right)

Jamfor likheten med binarsokning i ett falt.
(forelasningen om rekursion).
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lterativ sé‘ming

Precis som med binarsokning i falt sa gar det att
implementera iterativt

Iterativ algoritm search(BinaryTree<E> tree, E target):
© node = tree.root
© repetera anda tills node == null:
@ om target == node.data: return node.data
@ om target < node.data: node = node.left
@ om target > node.data: node = node.right
© return null
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Sékning) exempel

Att soka efter "kept” 1 soktradet kraver bara 4 jamforelser.

lay
\
house rat
COW " jack milked that
built dog IS kilv'cd malt priest shorn tossed
SN /N /NN /NN
and cock  crumpled forlorn in kept kissed maiden man morn shaven tattered this with
A \ A7\
all ate catcorn crowed farmerhorn married sowing  the torn waked worried
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Etfektivitet

Om tradet ar balanserat (eller nastan balanserat) blir
sokningen logaritmisk, O(log n)

I varsta fall har tradet bara hogerdeltrad (eller vanster-),
och da blir sokningen linjar, O(n)




Klassen BinargSearchTree<E‘_>

Figur 6.15, sid 318

. root :
Binarylree BinaryTlree.Node
atlsrt e Inary’lree ’—_ inarylree.Node
+ getLeftSubtree() <> # data :<>

+ add(B) + getRightSubtree()
+ contains(E) + getData()
+ find(E)
+ delete(E) Z& ,
+ remove (E) left right

BinarySearchTree

3+

addReturn
deleteReturn

3+

add(E)
contains(E)
find(E)
delete(E)
remove (E)

+ + + + +
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Att légga till element

Metoden add(E item) anropar metoden add(root, item).

Rekursiv algoritm add(Node<E> node, E item):
© om node == null: node = new Node<E>(item)
© om item < node.data: node.left = add(node.left, item)
© om item > node.data: node.right = add(node.right, item)

© return node lay
\
house rat
/ /\
COW jack milked that
N g SN N
built dog B killed malt priest shorn tossed
ANV AN BVANRYANE BWANEVAN
and cock  crumpled forlorn in kept kissed maiden man morn shaven tattered this with
A A N/ /\
all ate catcorn crowed farmerhorn jill married sowing  the torn waked worried
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(" hemlixa: )

Att légga till element formulera och

implementera en
iterativ varint

o J

Metoden add(E item) anropar metoden add(root, item).

Rekursiv algoritm add(Node<E> node, E item):
© om node == null: node = new Node<E>(item)
© om item < node.data: node.left = add(node.left, item)
© om item > node.data: node.right = add(node.right, item)

© return node lay
\
house rat
/ /\
COW jack milked that
N g SN N
built dog B killed malt priest shorn tossed
SN N /NN /NN
and cock  crumpled forlorn in kept kissed maiden man morn shaven tattered this with
A A N/ /\
all ate catcorn crowed farmerhorn jill married sowing the torn waked worried
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Att ta bort element

Forst letar vi forstas upp noden som ska tas bort
© men vi ser till att komma ihag dess foralder

Om noden inte har nagra barn:
© ta bort foralderns referens till noden

Om noden bara har ett barn:
© peka om foralderns referens till nodens enda barn
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Ta bort en nod med ett barn

Noden ”is” har ett enda barn

lay
//\
house rat
/\ /\
COW j;}ck milked that
built dog  _» m killed malt priest shorn tossed
/N NN /NN /NN
and cock  crumpled forlorn (1) kept kissed maiden man morn shaven tattered this with
A A \ /\
all ate catcorn crowed farmerhorn married sowing  the tornwaked worried
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Ta bort en nod med tva barn

Om noden har tva barn, sa ersatter vi nodens data med
det storsta elementet 1 det vanstra deltradet

© det ar alltsa inorder-foregangaren
© det gar ocksa att ersatta med det minsta elementet
1 det hogra deltradet lay

/\

horn rat
/\ /\
COW jack milked that
built dog IS killed malt priest shorn tossed
AVNVANY AN ANV
and cock  crumpled forlorn|in kept kissed maiden man morn shaven tattered this with
NN [/ LY 4 /\
all ate cat corn crowed farmer married sowing the tornwaked worried



0B,

Annu ett exempel

“rat” har tva barn och ersatts av "priest”

@ men “priest” har ett vansterbarn, "morn”,
som da maste flyttas upp

lay

h()usc/\, priest
COW jack ilked that

and cock impled  forl kept kissed len man! ) sl tattered tl
all ate cat corn crowed farmerl married ing the tornwak

OSSCC
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Algoritm for att ta bort element

Recursive Algorithm for Removal from a Binary Search Tree

1.

b2

AW

|© m

10.
11.

12.
13.
14.

15.
16.

17.
18.

19.

if the root is null

The item 1s not in tree — return null.
Compare the item to the data at the local root.
if the item is less than the data at the local root

Return the result of deleting from the left subtree.
else if the item is greater than the local root

Return the result of deleting from the right subtree.
else // The item is in the local root
Store the data in the local root 1n deletedReturn.

if the local root has no children
Set the parent of the local root to reference null.

else if the local root has one child
Set the parent of the local root to reference that child.
else // Find the inorder predecessor
if the left child has no right child it is the inorder predecessor
Set the parent of the local root to reference the left child.
else

Find the rightmost node in the right subtree of the left
child.

Copy its data into the local root’s data and remove it by
setting its parent to reference its left child.
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Algoritm for att ta bort element

Recursive Algorithm for Removal from a Binary Search Tree

1.

I

:-l 0\

co o0

10.

if the root is null

The item is not in tree — return null.
Compare the item to the data at the local root.
if the item is less than the data at the local root

Return the result of deleting from the left subtree.

else if the item is greater than the local root

" avancerad hemléixa: )
formulera och
implementera en

1terativ variant p

Return the result of deleting from the right subtree.

else // The item is in the local root

Store the data in the local root in deletedReturn.

if the local root has no children

Set the parent of the local root to reference null.

else 1if the local root has one child

Set the parent of the local root to reference that child.

else // Find the inorder predecessor

if the left child has no right child it is the inorder predecessor
Set the parent of the local root to reference the left child.

else

Find the rightmost node in the right subtree of the left

child.

Copy its data into the local root’s data and remove it by
setting its parent to reference its left child.
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Att kontrollera ett soktrad

Implementera en kontroll av datastrukturens invariant:

public boolean isSearchTree() {
return checkNode(root);
}
private boolean checkNode(Node<E> node) {
if (node == null) return true;
if (IcheckNode(node.left)) return false;
for (E x : allDataValues(node.left))
if (x 2 node.data) return false;
if (lcheckNode(node.right)) return false;
for (E x : allDataValues(node.right))
if (x <node.data) return false;
return true;

}

Denna metod kan sedan stoppas in i en assert nar du tillverkar dina
egna metoder, som en kontroll. Se mer pa Oracles Javasidor:

http://docs.oracle.com/javase/6/docs/technotes/guides/language/assert.html
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Att kontrollera ett soktrad

Implementera en kontroll av datastrukturens invariant:

public boolean isSearchTree() {
return checkNode(root);

}

private boolean checkNode(Node<E> node) {

if (node == null) return true;
if (!checkNode(node.lgfp))-petlr
for (E x : allDataValue€s(node.left))

if (X > node,da,ta:) return f’/"? |
~pEtUrn false;

if (!checkNode(node.right)
for (E x : allDataValu®s(node.right))

if (x <node.data) return false;
return true;

}

/ du maste \

implementera denhar
metoden ocksa, och
den maste fungera

aven om argumentet

- \_ ar null Y,

Denna metod kan sedan stoppas in i en assert nar du tillverkar dina
egna metoder, som en kontroll. Se mer pa Oracles Javasidor:

http://docs.oracle.com/javase/6/docs/technotes/guides/language/assert.html




