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EXERCTSES 5.1

grrths.

L Give rhe function g that is pan ()1' the fomal definilion of the directed graph shown'

2. Answer the following qLrestions about the accompanyrng grapn

a. ls the graph sjmple?
b. Is the graph comPleie?
c. ls the graph connected l
d. Can You find two Paths from 3 to 6?
e. Can you lind a cYclel
L Can you find an arc whose removal wili mdke the graph acyclic9

g. Can you find an afc whose removrl will nrake the graph not

connected?
* 3. Sketch a piclrre ofcach ofthe fbllowing graphsl

fl. simpl€ graph with ihree nodcs. each ol degrce 2

b. graph wilh lbLrr nodes, with cvclcs of lcnglh l 2 3 and I

c. noncomplete graph with louf nodcs. e.rch ol degrce l

*4. Usethe direoied gmph in the ligure io ansNer the lbllosing qtcsrrons

a. Which nodes are reachable from node l'l
b. Whrt is the length of the shonest path lrom node I to node 6 l

c. Whal is a path from node I 1() node 6 oi length 8?

5. a. Draw 4. b, Draw 4.a
i. po, eact or itt" rotlowing charaiteristics, clraw a graph or explain why such a graph does

a. fbur nodes ofdegree 1,2,3, and 4, respectrvely

b. sinple, four nodes ofdegree l. 2, 3, and 4, respecnvely

c. four nodes of degree 2, 3. 3' and 4' respectivelv

d. rour node' , r  degree 2. l  l  dnd l  re 'pecrvel)

7 For erch (11 rhef ' , l lo$ingcl ' r ra(rer is lrcsdra$agraphore\plainuhysuchagrJphJo"

a. simple graph with seven nodes, each of degree 3

b. four nodes, rwo of degree 2 and two of degree 3

c. three nodes ofdegree 0. l. and 3, respectively
d. complete gmph with fbur nodes each of degree 2

* z. ln o"quii"toir"inip s/dl'n is an ondirected gfaph in which the nodes represen( peopl'

and nodes a and b are adjacent ifa and , are acquanted

a. The acquaintanceship graph for the IT department and the marketiDg dep'flmenr or a

maj or corporation is an unconnected graph what does this impl) l



Which of the following graphs is not

-- F*Z
I  I  \ ) /  Y  /
I  I  \_ , /

(a) (b)

t2.

For Exercises I 3- 1 8, decide if the two graphs are isomorphic. If so, give the function or func-
tions that establish the isomorphism; if nor. explain why.
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isomorphic to the others, and why?
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CHAPTER 5 Ofaprs and lrces

sEcTtoN 5,2 Review

TECIINIQUES

. Construct expression rrees.

. Construct array and pointer representations for binary trees.

i-lliti r Colduct preoraer. inordet and postorder traversals of a tr€e.

MAIN IDEAS

. Binary trees can be reprcsented by anays and by lirked srruchl€s.

. Recursive procedures exist to systematically visit every node ofa

EXERCiSES 5.2

* L Sketch apictule of each oflhe following tre€sl
a. ree with five nodes and depth 1
b. lull binary aee of depth 2
c. tree of depth 3 where each node at depth I has i +

2. Answer the fbllowing questions about the
eccomprnyjng graph uirh node d N rhe roor.

a. Is this a binary tree l
b. Is it a lull binary tree?
c, h it a complete binary tree?
d, What is the parenrofd?
e. What is the righ! child ofe?
f. Whnt is the deprh ofg?
g. WhAt is fie beighr ofthe tree?

In Exercises 3-6, draw th€ expression !ree.

3 .  t ( . r  2 ) * 3 1  + ( 5 + 4 )
4  ( 2 * r - 3 * y )  + 4 4 2 1  + t
5 .  r  ( 2 - t 3 - ( 4 - s t )
6. I(6+2) * 41 + 10 + j) * (5 + 3)l
7. Write the lei child-right child array representation for the binary iee in the figure.
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8. Write the left chiid right child anay representation lor the binary tree in the figure

* 9. Draw the binary tree represented by the left child rjght child representation that follows
(1 is the root.)

Lefr chiLd Righr Jhild

2 3

4 0

5 0

6 7

0 0

0 0

10. Draw the binary tree represented by the left child-right child representation that follows'
(l is the root.)

l

2

J

5

6

1

Left child Right child

2 0

3 4

5 6

0 0

0 0

I

2

3

5

6

I 1 . Wdte the left child right child array representadon for the binarv search tree that is cre-

ated by processjng the fotlowing list of words: 'AI Gaul is divided into thrce parts (see

Exercise 34 ofSection4.l). Also store the name of each node

E  9  1 0  1 1 1 2  1 3  1 4  1 5



SfctON t.l Decdion tr€es

EXERCISES 5.3

2.
3 .

4.

* 5 .

*  t t .

t2.

Draw the decision tree for sequential search on alistofthree elements

Draw the decision tl€e lbr sequential search on a list oi six elemenis

Draw the alecision ir€e for binary search on a sorted list of seven elements' What is the

depth of the lree'l
Draw the decision tree for binary search on a sorted list oI four elements What is the

depth of the tree?
Consider a search algorithm thatcompares an item with the last element in a list then the

first element. then lhe next-to-lasl element, then the second etement, and so on Draw the

decision tree for searching a six-element sorted iist What is the depth of the tree? Does it

appear that th;s is an optimal algorithm in the worst cas€i
C;nsider a search algorithm that compares an item with an element one-third of the way

through the listl based on thatcomparison, it then searches either the frrst one-third or the

secon; No-lhirds ofthe list D|aw the decision reeJor searching a nine'element sorted

list. What is th€ deprh of the tree I Does it appear that thi$ is an optimal algorithm in the

* ?, a. Civen the data

b.

8. a,

9.

9 , 5 , 6 ' 2 '  4 " 7

construct lhe binary selr|ch tree. What is the depth of lhe hee?

Find the alerage n umbef of conpafisons done 1C) search lbr an item that is known k)

be in the lisl u;ing binarf tree search on tbe tree ofpa (r). (Hitr Find the number

ofcomparisons for each of the items )
6iven fie data

10.

g ' d ' r s . b , q c ' m

consrud fte binar) serrch lree. What js the depth ofthe tree?

b, Find the av€rage oumber of comparisons done to search for an item that is known to

be in the list using binary lree seArch on the tree ofpan (a). (tinrr Find lhe number

ofcomparisons for erch oi 1he items )
a. For a set ofsix drta irems. what is $e minimum wo$t-case number of compan sons

a search algorilhm must Pe.tbrm?
b. Given fte s€i ofdata irems (d i1 s, i k, r), find an order in which to enler fie data

so that the conespondiflg binary search tree has lhe minimum deptb

a. For a set of nine data items- s hrt is the minimum worst-case number of comparisons

a search algorithm musr Pertbrm?
b. Civen the setofdata i tens { .1.  ?.8. 10. 12'15'18,19,21} ' f indanorderin

which to enter fte alata so fial the co.respondjng binary search tree has the minimum

oepm,
An inorder tree travenal ofa binarl search tree produces a listing of the lree nodes in

alphabetical or numerical orde. Construct a binary search iree for "To be or not to be'

that is the question." and then do an inorder raversal.
Construct i Sinary search tree for -In fte high ,nd far off times the Elephant' O Besi

Beloved, had no trunk," and ihen do an inorder taversal (See Exercise 11 )



SECflON 5.1 Huflna, Co.Jcs 469

A JPEG image file coniains nor only the cornpressed data but also the information needed to
reverse the comprcssion process (inciuding the information to reverse rhe Huftnan encoding).
The resuhing image has lost $e high-frequency changes and color variations that were elimi-
nated in the stages before the Huffnan coding was applied. Parameters in the JPEG encoding
process allow tradeoffs to be made between the amount o{ compression to be obtained and the
faithlulness of the restored image to the original. Because of the nature of the algorithms used,
JPEG encoding has little or no etrect on black-and-white line drawlngs where there is no data

A second application of Huffman encoding occurs in the VCR Plus+ remote controller
device. This device simplifies VCR programming, which, as everyone knows, is understood
only by eleven-year-olds. To use VCR Phs+, one enters the 1- to 8-digit Pluscode fbr the pro-
gram to be recorded. Pluscode numbcn arc printed in many TV listingsi a Pluscode number
contains information about thc date, stat time, duration, and channel of the TV show to be
recorded. The VCR Plus+ takes car€ of actually controlling the VCR. Although details ofthe
encoding scheme are patented, a Hutrrnan €ncoding is used to produce shorterPluscode num-
bers for more frequently watched TV prcganrs. Table 5.2 shows sample listings from the TV
guide for Wednesday, October 10. 2001, in a midwesiern ciry.

tAtLtt  5.2

VCR Plus+ code

Fel ic i ty 9923

39 t07

Cheers 490381

Tarnnrulas and Their Venomous Relarions 9789316

sEcTloN 5.4 Review

TECHNIQUD

i;j o Find Hutrman codes, giv€n a set ofcharacters and their frcquencies.

MAIN IDEA

o Civen the frequency of characters in a collection of data, a binary encoding
scheme can be tbund that minimizes lhe nuntberofbils required lo store the data
but still allows fbr easy decoding.

EXERCISES 5.4

* L Given the codes

Cbaracter
Encoding scheme

decode the sequences
a .  I 1 0 1 1 0 1 1 1 0 1  b .

l 0  1 1 0  1 1 1

c -  0 1 0 1 0 1

00  0 l

1000110111
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2. Given the"codes

decode the sequences
a. 10001001101101

3. Given the codes

decode the sequences
a .  1 i  I  I  l 0 l 0 l  l 0 l  I  i 0 0 0 1

4. Civen the nonpreii\ codes

Character b h
Encodirg scheme 1000 1001

q \ ) I o
0  1 1  1 0 1

c . 0 1 0 0 1 1 1 1 0 0 0

1 1 0  l  i  1 1 1 0

c .  I  I  I  I  I  I  I  I 0 0 1  I  I  l 0 l  I  1 0

Characrer a p
Encodins schene 001 1010

b .  r 1 r  l 0

b .  1010001110

3 5 1 9
l 1 l  r 0 r  r 0  1 0 1 0 1

Character I
Encoding .cheme I

! $ e a l l  p o r \ i h l e d e c o d i n s s o f  t h e s e q u e n c e  I  |  1 l  l 0 l 0 l .
5 \\.ne the Hunmln coder ib. (?. ,. .. and ./ in the trinary trce shown

6. Wdte the Hrfl'inan codes lbr r r, r, l/ in the binary ree shown.

* 7. a. Conslruct the Hul'hran trcc lbr the fitlowirs characters and fieouencies:

Cb actcr t l  g :
FrequeDcy 28 25 6 20 3 l8

b. Find rhe Hul'linan codes for these chamcterc.
a. Construct the Hulfrnan tr€e for lhe foUowing characters and frequencies:

Character h p t
Frequency 6 32 2t 14 21

b. Find lhe HuiTman codes tbr these characters.
a. ConslrLrct the Hufinan tree lbr the lbllowing characters and frequencies:

C h a r a c t e r a ? t e
Frequency 21 12 l5 3l  15

b. Find the Huffman codes fbr these characters.


