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(A root m-ary tree of height h is called balanced if all leaves are at Ievels  h or h-l.)





(A complete m-ary tree IS  a full m-aq  bee where every leaf is at the same level.)

9. o-a&4 xwlol"w'jnl,,,,u,,'~5d  9Fla1uquY%l  4 IbR&4W  3-sly  66uuus^yrni  &lmaJ

p Nl%lJ 3
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(How should a set of characters be efficiently coded by bit strings?)

a’
82XhS  1 Qsn~~‘?9~Ul~~U66~~m~nl~  &M%J~7~0~~U math, physic, geogr,  zoo, meteo,

geolo, psyc  668: them  (%&&kIadlfh  @lloJ~aa"nVS)
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math

\ physic

math

“y,hysic

geog zoo

phyw  > math geog c math zoo c math

zoo < physic

math math math math

geog

mete0 zoo

neteo >math

meteo < physic

geol  mete0

geol < math

geol  > geog

psyc  > math

psyc  > physic

psyc  c zoo

’ PhYC

them  < math

them < geog

%X%h  1 Binary Search Tree Algorithm

procedure insertion (T : bmmy  search Wee,  x : Item1

v :=root  of T

{a vertex not present in T has the value null J

while v f null and label(v) f x

begin

if XC  label(v)  then
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if left child of v f nuLl then v := left child of v

else add new vertex as a left child of v and set v := null

e l s e

if right child of y # null then v := right child of v

else  add new vertex as a right child of v to T and set v := null

end

if root of T = null then add a vertex r to the tree and label it with x

else if label(v) # x then label new vertex with x

{v  = location of x)
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0 1

e 3>x  0 1

a 0 1

t 0 1

I I s
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l- a

Inorder  t raversa l :  Vis i t
leftmost subtree, visit root, visit other
subtrees left to right

c d

e bfocgdhi
1 . . .

n 0  P

i ekbfoclgmdhi
. . . . . . . . . . . .

A
n 0 P

j e n k o pbfaclgmdhi
.  .  .  .  .  .  .  . . . * . . . . .
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Algorithm 1 Preorder traversal

procedure preorder (T : ordered rooted tree)

r := root of T

list r

for each child c of r from left to right

begin

T(c) := subtree  with c as its root

preorder (T(c))

e n d

Algorithm 2 Inorder traversal

procedure inorder (T : ordered rooted tree)

r := root of T

if r is a leaf then list r

eke

begin

1 := first child of r from left to right

T(1) := subtree  with 1 as its root

inorder (T(1))

list r

for each child c of r except for 1 from left to right

T(c) := subtree  with c as its root

inorder (T(c))

e n d
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procedure postorder (T  : ordered rooted tree)

r := root of T

for each child c of r from left to right

begin

T(c) := subtree  with c as its root

postorder (T(c))

e n d

list r

Algorithm 3 Postorder traversal
I

~~f~%'&hlfl?ll~  Ihdh 11%  Ihl& (Unfix, Prefix, and Postfix Notation)
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f/\ I\
X Y X 4

?-

/\

t- 2

I\
X Y

I

/\
3

I\
X 4

/\ /\
i\ 2/\ 3

X Y x 4

$d  10 kh2aY66um?hla  anuih~i  ((x + y) ? 2) = ((x - 4)/3)
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I

/\ /\ /\+

A I\

X I Y +

/\ /\
x yx 3 Y X X 3

rilld  11 ~U;wlkl66wuu^wQi  (x + y)/(x + y), (x + (y/x)) + 3, 6bZI~U4WQti  x + (y/(x + 3))
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8/J  = 2

t-*3352

7*3=e

+ - 0 5 2

6-5=1

Y- 1 2

1+2=3

FilvoGiwoldd  Go3

ibdl.¶ 8 0wlphJYL%JHaSs  (postfix form) wl&kl; ((x + y) t 2)  + (x  - 4x3)
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2*3 = 6

7 6 - 4 ? 9 3/+

7-6 = 1

1 4 ? 9 3 / +

I I

?14=1

1 9 3 f +

9L3 = 3
.

13+

I I

1+3=4

I& 13 nl5E)5=17UWRW”WOMdb~UN~9  @mluating  8 postfix expression)
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1
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d) InV&&J!&?i  &l&R  VOQ  j$‘l %U  T $1 v kllI&$ bBor!s?

(What is the smallest possible number of vertices in T if v has this address?)

e) TN?416&UfiQ$hFj  il WflGdU

a) 1.1.1, 1.1.2, 1.2, 2.1.1.1, 2.1.2, 2.1.3, 2.2, 3.1.1, 3.1.2.1, 3.1.2.2, 3.2

b) 1.1, 1.2.1, 1.2.2, 1.2.3, 2.1, 2.2.1, 2.3.1,  2.3.2, 2.4.2.1, 2.4.2.2, 3.1, 3.2.1, 3.2.2

c) 1.1. 1.2.1, 1.2.2, 1.2.2.1, 1.3, 1.4, 2, 3.1, 3.2, 4.1.1.1

d

m n 0
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a ) + * + - 5 3 2 1 4

b)?+23-51

c)*/93+*24-76

24. QWld1Tl8~  ihQw'6dIltdl66iblt~R  h=ilS%

a)-*2/843

b) ? - *33*425

c)+-?32?23/6-42

d)*+3+3 t 3+333

25. QWldlUFJ~  ih~li6%.1t4&  66hy?  uy7xild

a)521--314++*

b)93/5+72-*

c)32*2?53-84,*-
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g h c d e R h

C d f g h c d b g h

CT203 339



340 CT 203



IL Rosen, WGI  544
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First pass

I 3 2 2 2

2 3 3 3

4 c 4

1 1 c

4 1

1

5 5 5 (

4

5

Second pass

( 2 2 2

3

c.

3 1

1 1

(

3

bbfJ
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Third pass

G 2 1

1

(

2

3 3

4 4

00
5 5

Fourth pass

c : an interchange

: pair in correct order

: numbers in shade guaranteed in

to be in correct order

(n - 1) + (n - 2) + . . . + 2 + 1

344 CT 203





8 2 4 6 9 7 1 0 1 5 3

/---\
8 2 4 6 9 7 1 0 1 5 3

/\ /\
8 2 4 6 9 7 10 1 53

/\ I\ I\ I\
8 2  4 6 9 710 1 5 3

/\ /\
8 2 7 10

8 2 7 10

\/ \/
710 I 5 3

\/ \I
248 \7 1 7 10 35

\/
2 4 6 8 9 1 3 5 7 1 0

1 2 3 4 5 6 7 8 9 1 0

ldw" 3 nlti6‘%G+lhI66LiIlW~lU VO9 8, 2, 4, 6, 9, 7, 10, 1. 5. 3
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i!hvah 2 Merging two lists

procedure merge (L,,  L, : lists)

L := empty 1st

while L, and L: are both  nonempty

begin

remove smaller of first  element of L, and L, from the list it is in and put it

al the end of IL
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if removal of this element makes one list empty then remove all elements from

the other list and append them to L

end {L  is the merged list with elements in increasing order}

(Two sorted lists with an m elements and n elements can be merged into a sorted list

using no more than m + n - 1 com[arisons.)  11,

c Rosen, MI?1  550
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a b c d

e ILL-g

f

a b c d

--IA-e@ g

f

a b c d

--IL-e* g

f

&%h {a, e}

64

Phhi.J  [e, f] ‘&lt%u  (c, g}

(b) (cl

a b C d a b C d

b b b b

b b LK-
e f g e f g

e f g e f e
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a d i .i

f

CC) cd) (ei
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C

a -

+

f

b e

d

1 1 . b c d e f

9

I m n
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ExitExit

ihl6¶JU?lW&WJ~  t-d G wul~~snlll~9~r="oPr~aerPa"gn  Tfr79  G =kEJ~ dO4

~F&J$U~U!~~U~~~J~~U  9109d1&I1~6%.i  %W G -i34~?4flW~&!

(A spanning forest of graph G is a forest that contains every vertex of G such that

two vertices are in the same tree of the forest when there is a path in G between these two

vertices.)
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2000

SEllI Francisco

York
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Algorithm 1 Prim’s algorithm

procedure Prim (G : weighted connected undirected graph with n vertices.)

T := a mmnnum - weight edge

for I := 1 to II  - 1

e := and edge  of mmunum weight incident to a vertex in T and not forming a

rmpla  circuit 111  T if added  to T

T := T with  e added

end {T  IS a mmimal spanning tree of G J
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Francisco

2200

Choice Edge cost

1 { Chicaco,  Attlanta) $700

2 {Atlanta, New York} $ 800

3 [Chicago, San Francisco} $1200

4 {San  Francisco, Denver] $ 900

Total $3600
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