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B. €7 A =H
1) cdlist_node.h
(1) class cdlist_node
@ Default constructor

75 class constructor
U
A1t parameter is initialized

@ Accessor methods

7|s: get the data item(non-const version)

P
!

!
=

return data




7|s: get the data item(const version)
EyaR
A1k return data

7Is: get the next link (non-const version)
EyaR
21t return link_next

7Is: get the next link (const version)
el
21t return link_next

7|s: Get the prev link (non-const version)
Eak
Z1: return link_prev




7|s: Get the prev link (const version)
Eak
Ao return link_prev

3 Mutator methods

7|&: Set the data value
U
Z1t data = new_data

75 Set the next link
Evak
21 link_next = new._link

7|&: Set the previous link
.
Z1t: link_prev = new_link




(2) Function to manipulate the circular doubly linked list

. Removes all elements from the list,
7|s: o
leaving it with only the header node.

EyaR head_ptr is assumed to be non-NULL
21} Clear the list, leaving only the header

node

71 Removes all elements between two

positions from the list.
The destination list is assumed to be

EyaR empty. All pointers are assumed not
NULL.
a1k Clear all elements between two positions

Copy all elements from linked list into
7|s: another linked list. (Deep Copy of list
structure only)
The destination list is assumed to be
z=d empty. Both pointers are assumed not
NULL.
- Copy the list (Deep Copy of list structure
A1}
only)




Copy a range of elements from one
linked list into another linked list. (Deep

Copy of list structure)
The destination list is assumed to be

empty. All pointers are assumed not
NULL.

Copy a group of contiguous elements
(Deep Copy of list structure)

P
)

M
=

-

Inserts a new item into the linked list
BEFORE the node pointed to by the
target_ptr parameter.
target_ptr is assumed not NULL.

Insert a new element into the linked list.

e
ar

[l

!

_

This method inserts a new element after
the node pointed to by argument target
pointer.
target_ptr is assumed not NULL.

Inserts a new element into the list
immediately after a given target pointer.

or

P
!

k=l

-

!

Removes a given element from the list.

target_ptr is assumed not NULL.

Removes an element from the list




orr

F
!

[

E—%

X

Returns the length of this list.

head_ptr is assumed to be non-NULL.

Get the length of the list

or

e
!

!

_

Counts all elements between two
positions from the list

Get the number of elements between
two positions.

or

P
]

X
=

]

Finds and returns the pointer to the
node containing a given object.

Find an element in the list

orr

P
)

X
=

-

Finds and returns constant pointer to the
node containing a given object.

Find an element in the list (const
version)




P
)

I
=

Finds the location where a new element

should go in order to keep an increasing

sorted order. Returns the pointer to this
location.

Get the position where an element
should go in the order

2) Name.h
(1) class Name

P
!

I
=

Constructor based on the a first name
and a last name.

parameter is initialized

P
)

N
1]

Determines if the argument is not
lexicographically equal to this name.

Return true if the source name is equal
to this name, or false otherwise

N
ar

P
)

it
H

Compare names for non-equality

Return true if the source name is not
equal to this name, or false otherwise.




or

P
!

M
e

E—%

Determines if the argument name is
lexicographically less than this name.

Return true if the source name is less
than this name, or false otherwise.

or

e
!

M
=

_

Determine if the argument is
lexicographically greater than this name.

Return true if the source name is less
than this name, or false otherwise.

or

P
)

M
=

-

Determines if the argument is
lexicographically less or equal to this
name.

Return true if the source name is less or
equal to this name, or false otherwise.

orr

P
i

k=l

-

I

Determines if the argument is
lexicographically greater or equal to this
name.

Return: true if the source name is
greater or equal to this name, or false
otherwise.




P
[

i
H

Returns a string representing the key in
this name object as the combination of
lastname followed by first name.

Return key for this name

N
or

P
Y

!
1]

Returns a string representing the full
name in this name.

Returns the full name as string

N
ar

P
[

!
=

Returns the last name part of this name.

Returns the last name field

N
or

P
r

I
H

Returns the first name field

Returns the first name part of this name.




7|&: Read the value for this name.

F
!

Return reference to the argument input

b
H

stream.

7Is: Write a name to an output stream.

e
!

Return reference to the argument output

!
=

stream.

3) List.h - #include cdlist_node.h"
(1) class List_Iterator

_ Determines if the iterator has any data
7|s:
left.
Eak
Determines if the iterator has data to
Z1}: . »
return from its current position

Returns a reference to the object stored

7Is: at the node currently being pointed to
by the iterator (current iterator position).

Eak

- Returns the data stored as the current

A1t

position for this iterator.




Moves the iterator from its current

position to the next one.
the iterator is declared as a forward

iterator.

Advances the iterator to the next valid
position on the list.

or

A

4

I

-

Moves the iteration from its current

position to the previous one.
the iterator is declared as a backward

iterator.
Advances the iterator to the previous
position with respect to the current
position of the iterator on the list.

orr

P
!

M
=

-

Private default constructor, added mainly
for convenience so we can easily declare
iterator variables

This constructor does not produce valid
iterators.

gl

Creates a new iterator based on the first
and last element over which the iterator

shall occurs.
Both argument are assumed to be
non-NULL.

Constructor based on the first and last

element over which the iterator shall

occurs. Both argument are assumed to
be non-NULL.




(2) class List

7|ls: Default constructor
.
EENUR create an empty list

7|s: Copy constructor
=
create a new list by making a deep copy
FENL
of another list L.

7|s: Destructor
U
A1t clear all memory allocated to the list.

7|s: Copy assignment operator
Z:
re-assign the value of the list by making
A1t .
a deep copy of another list L.




7Is: Determines if the list is an empty list
_— An empty list has only one with its prev
ETa ¥ and next links pointing to itself.
- Returns true if the list is empty, or false
A1} .

otherwise.

75 Makes the list an empty list
EyaR
Removes all elements from the list,
41k o .
making it an empty list.

. Returns an iterator to the first element
7Is: .
of the list
.
Returns iterator object with current
A1t L . .
position at first element of list

7| Returns an iterator to the last element in
< the list
=

Returns iterator object with current
position at last element of list

!
H




Il Finds an element in the list, and returns

an iterator to it.
If the element is found, the iterator will

EyaR have its current position set to the node
where the element resides.
Finds an element in the list and returns
21t

an iterator to it.

Inserts a new element into the list at its

7|s: proper position based on the sorted
order.
EYaR

Insert a new element at the proper
location in the list so that the increasing
order in the list is maintained.

!
=

L Removes an element from the list, and
7|5z
keep sorted order.
=
- If the element is found and deleted
A1}

returns true, or returns false.

7|s: Returns the size of the list
=7
- Returns the number of elements in the
EJ-||'Z l
Ist.




L Prints the contents of the list in the
7|&: L
forward direction.
- This method is mainly for debugging
purposes.
- Prints the contents of the list in the
EJ-ll'i . .
forward direction.

Il Prints the contents of the list in the
< backward direction.
71 This method is mainly for debugging
purposes
- Prints the contents of the list in the
EJ-ll'l . .
backward direction.

4) Namelist.h - #include "Name.h", #include "List.h"
(1) class NamelList

I|s: Default constructor

U

create a new name list with no names in

M
H

‘ FP'

7Is: Copy constructor
ZU:
- create a deep copy of a given source
A1} .
name list.




7|s: Copy assignment operator
Eak
create a deep copy of a given source
A1t .
name list.

Adds new name into the list of names at
7|5 its proper location based on increasing
lexicographical order.
Eak
EENUR Adds a new name to the list

7| Determines if a name is currently being
< stored in the name list.
el
Return true if the name is in the list, or
Z1t:

false otherwise.

Il Removes a name from the list of names,
< if the name is present.
=7
Return true if the element was found
21t

and deleted, or false otherwise




7|&: Returns the size of the name list
U
Z - name list2| sizeS UtatSHC}

7|8 Determines if the list is empty
U
- Returns the number of elements in the
EJ-ll'i .

name list.

Il Prints all the names to an output stream.
< Each name is printed in a new line.

Z:

A1t Return reference to the output stream.

| Reads a list of names from an input
< stream.
Z:
Reads a group of names from the input
A1t
stream




5) Movie.h - #include "NamelList.h"
(1) class Movie

7| &: Default constructor

P
!

creates a new movie from a title, release

!
=

year, duration, rating and cast name list.

7Is: Returns the key for this movie
ZA:
- Returns the key for this movie, which is
A1}

the movie title.

7|&: Returns the title for this movie.

P
!

Returns the string representing title for

it
H

this movie.

7ls: Returns the year for this movie

P
i

Returns the year of release for this

!
=

movie.




N
or

F
[

b
H

Returns the duration for this movie.

Returns the duration (in minutes) for this

movie

N
or

e
[

M
H

Returns the string representing the rating

for this movie.

Returns the rating for this movie

N
or

P
[

!
1]

Returns the Namelist with the cast for

this movie

Returns the name list for the cast of this

movie.

P
[

!
H

Determines if a name is in the cast

member list

Return true if the name is in the cast

list, or false otherwise.




7|&: Sets the title for this movie
U
Z1t Sets a new title for this movie.

7|s: Sets the year for this movie

Eak

21} Sets a new year of release for this
movie.

7|&: Sets the duration for this movie
xA: the duration is at least 1 minute.
- Sets a new duration for this movie. The
EJ-ll'i .

function

7Is: Sets the rating for this movie

Z:

54 Sets a new rating for this movie. The

A1} . . . .
function asserts that the rating is valid.




orr

F
!

[

E—%

X

Sets the cast name list for this movie

Sets the cast name list for this movie.

or

e
!

!

_

Adds a new name to the cast list, if not
already there

Return true if the name is added, or
false if the name is already there.

or

P
]

X
=

]

Removes a cast name from the cast list,
if the name is there.

Return true if the name is found and
deleted, or false if the name is not
found.

orr

P
)

X
=

-

Determines if another movie has a key
equal to this movie's key

Return true if the key of the source
movie is equal to this movie's key, or
false otherwise.




Il Determines if another movie has a key
< not equal to this movie's key
Eak
Return true if the key of the source
Z1t: movie is not equal to this movie's key,

or false otherwise.

7| Determines if another movie has a key
less than this movie's key
=7
Return true if the key of the source
Z1t movie is less than this movie's key, or
false otherwise.

Il Determines if another movie has a key
greater than this movie's key
U
Return true if the key of the source
EENUR movie is greater than this movie's key, or
false otherwise.

7| Determines if another movie has a key
less than or equal to this movie's key
=4
Return true if the key of the source
41k movie is less than or equal to this
movie's key, or false otherwise.




Il Determines if another movie has a key
greater than or equal to this movie's key
Eak
Return true if the key of the source
A1k movie is greater than or equal to this
movie's key, or false otherwise.

|- Reads this movie info from an input
< stream

Eak

41k Return the reference to the input stream.

Il Writes this movie info to an output
< stream
U
- Return the reference to the output
A1t
stream.

6) queue.h - #include "cdlist_node.h"
(1) class queue

7| &: Default constructor

2

Creates a new empty queue by making
the front and read be two dummy

I
H

headers.




or

P
!

M
e

.

Creates a new deep copy of the queue
passed as parameter.

copies all the elements between the
front and the rear of the source queue.

or

e
!

!

.

Destructor

erases all the nodes between the front
and the rear of the queue, and then
deletes the front and rear pointer.

or

P
]

X
=

.

Makes a deep copy of the queue passed
as parameter.

copies all the elements between the
front and the rear of the source queue.

orr

P
)

X
=

.

Returns the element at the head of the
queue

Returns a reference to the element at
the front of the queue.




Insert a new element at the tail of the

7|s:
queue
=
Inserts a new element into the queue by

- adding the new element in before the
A1} . .

queue rear pointer, and increase the

queue size by one.

Il Removes the element at the head of the
< queue
=
Removes the element at the front of the
21t queue, and decrease the queue size by
one.

7|s: Determines if the queue is empty
An empty queue has size zero and the
el next pointer of the g_front is equal to
qg_rear.
41t Determines if the queue is empty.

Makes the queue an empty queue by

7|&:

remove all elements.
z=d
EENUR Make the queue empty.




7Is: Returns the size of the queue
el
Ao Returns the size of the queue.

7|s: Prints the contents of this queue.

= 7. The Item data type has overloaded the
operator <<

41k Prints the contents of this queue.

7) BinarySearchTree.h - #include "queue."
(1) class BST_inorder_iterator

Determines if the iterator has data to be

7|&: returned from the current position in the
tree.
zA:

Output is true if the iterator has data to
be returned or false otherwise.

I
=




Returns the data stored at the current

position. This method throws an assertion
7ls . .

if there is no data to be returned from

the current node
.
- Output is data at the current node in
EJ-ll'i .
the tree being traversed.

Advances the iterator to the next node

7ls: in the tree with respect to the in-order
traversal.
zA: there is a next node.

Advances the iterator to the next node

iy
H

in the tree with respect to the in-order
traversal.

Resets the iterator to its original state.
EyaR
- Resets the iterator to its original initial
A1} ..
position.
constructor
A argument is not NULL
creates a new BST_inorder_iterator class,
A1t that can be used to perform an in-order
tree traversal.




7|s: queue filler
=7
27t add tree node ptr in a queue following
=R .
an in-order tree traversal.

(2) class BST_preorder_iterator

Determines if the iterator has data to be
7|s: returned from the current position in the
tree.
=4
Outputis true if the iterator has data to
Z1t:
be returned or false otherwise.

Returns the data stored at the current
L position. This method throws an assertion
7] ) .
if there is no data to be returned from
the current node

e
!

Output is data at the current node in
the tree being traversed.

M
H




Advances the iterator to the next node
J|s in the tree with respect to the in-order
traversal. No action is taken if there is
not a next node.
EraR there is a next node.
Advances the iterator to the next node
EENUR in the tree with respect to the
pre-order traversal.

7I's: Resets the iterator to its original state.

2

Resets the iterator to its original initial

it
H

position.

7|5z constructor
EvaR the argument is not NULL.
creates a new BST_preorder_iterator that
A1} can be used to perform a pre-order tree
traversal.

7ls: queue filler
Eak
27t add tree node in a queue following an
=R
pre-order tree traversal.




(3) class BinarySearchTree

7|ls: Default constructor

=7

Creates an empty binary search tree, with
a NULL root node and zero elements.

I
=

7|5 Copy Constructor
=
Creates a new deep copy of the binary
FENL
search tree passed as argument.

7|s: Destructor

P
!

Makes the BST an empty tree by
removing all the nodes, including the
tree.

it
H

7|s: Copy assignment operator
E¥al
41k Makes a deep copy of the source BST.




7|s: Determines if the tree is empty

F
!

Returns true if the tree is empty, or false
otherwise. An empty tree has a NULL
root.

b
H

7|8 Makes the tree an empty tree
A An empty tree has a NULL root.

Makes the BST an empty BST by erasing
all the nodes, including the root.

iy
=

Il Inserts a new node in the binary search
< tree
This function must rely on the insert_aux

Evak function to use recursion to insert the

new element at the proper subtree.

insert the new element at the proper
Aot

subtree.

If multiple copies of the same key exist,

7|ls: then the first one that is found is
deleted.
If multiple copies of the same key exist,
A then the first one that is found is
deleted.
- Removes an element from the binary
EJ-ll'i

search tree based on its key




Finds an element in the BST based on
its key, and returns an in-order iterator
in which the first element is the element

being searched
This function MUST rely on function

find_aux to recursively search the element
with the target key.

Output is iterator to the node where the

element with the argument key is found,

or an empty iterator.

or

P
!

M
=

-

Returns the number of items in the tree

Returns the size of the tree as the
number of elements it currently holds.

Returns the height of the tree

rely on function height_aux() to
recursively compute the height of the
tree.

Output is the height of the tree.

or

P
!

M
=

-

Returns an in-order tree iterator from the
root

Creates a new in-order iterator with all
the nodes in the tree.




|- Returns an in-order tree iterator from a
< given node
_— If more that one exists, then the one

nearest to the root is found.
Create a new in-order iterator with all

= the nodes in the subtree rooted at the
af:
= node with holding a key value equal to

the paramter.

Utility function used to print the nodes
7|z in the tree. This routing is can be used
for debugging purposes.
=74, relies of the auxiliary function
print_tree_aux().
A1t print the elements in the tree.

insert a new elements on a BST tree.

After the insert is completed, the size of

the BST must be incremented by one.
The function MUST use recursion to find

the right place to insert the node,
according to the insertion algorithm for
Binary Search Trees.

P
o

it
H

auxiliary insert routine




find the pointer to the BSTNode that
7|s: contains an element with a key equal to

the argument key.
This function MUST use recursion to

find the node with the argument key.
Output is pointer to the first occurrence
A1t of a node containing a data element

with a key equal to the argument key.

find a pointer to the node with the
J|s minimum key value on a tree. The
functions receives as parameter a pointer
to the root of the tree.
=4
21t auxiliary find maximum routine

7|ls: remove an node from the tree.

If more than one node exist with the

. given key, then the first one found is the
one deleted.
EENUR auxiliary erase routine

7|s: compute the height of a tree.

The function MUST use recursion to
AR traverse the tree, and compute the
height.

FENL Output is height of the sub-tree.




7|s: print the elements in the tree

The parameter n_space is used to print

EYaR blank spaces before printing the data
contained on the root node.
A1t auxiliary print tree routine

8) DataManager.h - #include "List.h", #include "BinarySearchTree.h", #include
"Name.h", #include "Namelist.h", #include "Movie.h"

(1) class DataManager

7|s: Default Constructor

P
i

creates an empty binary search tree (BST)
to hold up the information about the

M
H

movies.

Adds a new movie to the movie
7ls: database, but only if the movie is not
already there.

el the movie is not already there.
Return 'OK', if the movie was added, or
A1} return 'MOVIE_WAS_THERE', if the movie

was already in the movie list




. Adds a new member to the cast list of a
< given movie

U
Return ‘OK’, if the new cast name is
added. If no movie with the argument
title is found, return
Z1t

'MOVIE_NOT_FOUND'. if cast name was
already in the cast list for the movie
return 'NAME_WAS_THERE'

searches for a movie with a given title,

7|s: . .
and if found, deletes that movie.
EyaR
If the movie is deleted, return 'OK'.
Z1t If the movie was not found in the list,
return 'MOVIE_NOT_FOUND".

7|s: Deletes a cast name from a movie
The function must first find the movie,
EraR and then delete the name from the cast
list.
If the cast name is deleted, return
'MOVIE_NOT_FOUND'.
A7} if no movie with the argument title was
found, return 'OK'.
if the cast name was not found in the
list, return 'NAME_NOT_FOUND'.




Il Finds movie information about a given
St )

movie
Eak

The function must return the code
MOVIE_NOT_FOUND if no movie with the

given title is found.

b
H

s Finds movie information about movies
made by a particular actor.
EyaR
Returns a list with all the movies found,
A1t or an empty list if the actor does not
appears in the cast for any movie.

7| Finds movie information about movies
< with a given rating
.
It returns a list with all the movies
EENUR

found, or an empty list if no movie has
the given rating.

J)s Finds movie information about movies
S )
made a given year
Z:
It returns a list with all the movies
A3

found, or an empty list if no movie was
released on the given year.




List<Movie> find_movies_between(int year1, int year2) const

This function is used to find all the
7ls: movies released between two years:

yearl and year?2.
All movies for which its release year YV,

EFaR satisfies: yearl <= Y <= year2, will go in
the result.
Returns a list with all the movies found,
At or an empty list if no movie was

released during the given time period.

void print_movies_forward(ostream& out) const

_ Prints all movies based on alphabetical
7|s: o
order of the movie title.
e
41 Print list of movies in order

void print_tree_height() const

7s: prints the height of the tree.
Eak
At the height of the tree is printed.

C. &N 24 =20t

1) "cdlist_node.h"

: O oFY2 class cdlist_nodel| M1 ZetotCt 2|11 O mUo =& X2+
Z9t stE2 class List_lterator, class List, class queueOA Z-8EICH

(1) class cdlist_node

O| class= circular-doubly linked list2| nodeE LIEFHCE EESH Sorted circular
doubly linked listg& T+oi¢t ek EEStd UCL O|Mf node= A|2fZ=71 Of2H Ol A
YU AL MM olzM £8 =M7t X ECL

template parameter Iltem2 nodeOl K& E objectl| typeO|Ct Z ltem2| ACHE



ol =ME ZAHSt7| 28 nodell MZE object?| type2 relational comparison
operatorg LHZEDH Z{o =2 JHYSICH

2) "Name.h"
: O] IfY2 name data typel| MAHS eI
O] IO Y& class Namelist, class DataManagerOf|A| &8 =IC}

3) "List.h" - #inlcude "cdlist_node.h"

. O] O List container classO CH$t interface M2 ZatstD QUL O] Liste
Circular Doubly Linked List toolkitdl 2= IEE AFE3SH0 Sorted Circular
Doubly Linked List2 & ElC}.

O] mlof 8= XNERAXEL &4+E2 class Name, class NamelListOf| A Z-& =IC}

(1) class List_lterator
class List_Iterator= List container classOl CH®F external iteratorS &Ll Of
iterator= 2|AEQ| CHE L EE0| CHSY access, traverse® M AHEEICE

ltem type H= 2|2E0 MYE element=2| types LtEHHHLE.

(2) class List
O|l= Sorted Circular Doubly Linked List2 & El List container classO|Ct. Item
type parameter= 2|2E0| X E element=2| types LIEHHCE

4) "Namelist.h" - #inlcude "Name.h", #inlcude "List.h"

- 0] IUO& list of namesO| &3t interface MQ0| ZEE|0{QA2D, nameS A%
57| ?l8il Sorted Doubly Linked List class container?t A+ZZICE

O] mtdof| &ZHEE XE2FXEQ T+==2 class Movie, class DataManager0A Z&
ECH

(1) class NamelList

O| class&= name?l| Sorted ListE T25H7|®I8] A EICE namel| MZTE fISHA
£ Sorted Doubly Linked List class container?t A EICEH

O| class& default constructor?} Linked list0]l CHSH destructors SHIEH ZZE}
1, O] 4% Listlie| elementE AHA|SHOF StE 2 destructor?t T+ £|X| =L}

5) "Movie.h" - #include "NmaelList.h"
O] M2 class Movied|A| T3 E|= movie data type2| interface/d 0| ZE3tx|O]
ACt O] T &8El A2 FxQt e+E2 class DataManager®i A &8 EIC}



(1) class Movie
O| class&= movie data typeg To5t=0 AMEE|= classO|Ct.
default destructor?t 2t data memberQ| destructorE® SHIZHA

=
NamelList fieldO|A elementE AtA|SH?| HE0| O| classe= destructorg T3 SHA|
Ob=[}

LS T

sl

6) "queue.h" - #inlcude "cdlist_node.h"

O m2 queue container classE {ot interfacel| MRS ZEotCt Of classe
circular linked list toolkit® 2 FHEICE 2Lt 7 XI’HI: circulark, sorted YE =
OtL|Ct O] mUof HEE= XEF+ELL e+=2 class BST_Inorder_lterator, class

DataManagerOf| A{ Z-& &L},

(1) class queue
queue class containerO|Ct. O] classE queue data structureE TEBICE Item
Type parameter= queuel| X% GH|O[H EtRS LIEHHCE

7) "BinarySearchTree.h" - #inlcude "queue.h"
O It Binary Search Tree(BST)E RI%t interface MAS ZEBtSHC}

(1) class BST_inorder_iterator

Binary Search Tree In-order Iterator class= binary search tree2| inorder tree
traversal® T3}7| 28l AL EICt BSTData= search treeOf XMZZ|= dataS LtEt
WOk 2|10 DataKey type parameter= treeOf XZ&E object?| keyE LIEHHCE

Root
2 .
A
1 3
B - C
NS 8
Left Subtree Right Subtree

<Inorder Traversal>



(2) class BST_preorder_iterator
Binary Search Tree Pre-order Iterator class= binary search tree2| preorder tree
traversal2 T@5h=0 AFEEICE BSTDatae search treed| XM E dataE LIEHHCE

DataKey type parameter= treeO| XZ&E object®| keyE LtEHHCE

Root
1
. A
2 ' 3
__, *_,- ahe_ 3\ 25
Left Subtree Right Subtree

<preorder traversal>
(3) class BinarySearchTree
Binary Search Tree classO|C}. O7|A BSTData= search tree® M&E dataZs Lt

EFHCE 2|10 DataKey type parameter= treeOf M E objectl| keyE LtEFHCEH

- Member parameter info

Movie Mame
- fitle: string - lastmame: string
- year: int - firstname: string
- duration: int

- rating: string

- castlist: NamelList

(1) Add movie

M BSTO| ALEXZE XSt = I
movie titleO|2t= keyE O| &30 0|0 Fetdt= ¢S =Lt Ol recursion 24
2 0|83} treed|lM FO|ZI objectE % re-order tree iterator7} HFetEICE
HHHO| XX| RSIH empty iteratorZt BtHEICE 2|10 O] HEE Sl iterator”t

sp7b olb] EXst=X| =elstht. o7 M=

|



current positionO|A] Btetgl datag 7HA| D U=XE SOl =N Fot
£E =QISHELLO|M Queue AIZTFRTE AREEICE) d2| AREXHZE
o7t EXSHX| AE=CHH Binary Search TreeOf recursiong AMHES{A Moviel
MES =t

* 07|M AF2E|lE Queues nodeES =AMOZ 7HX|1 OO, iteratorOf CHet
current node= queue?| frontd| ?|X[BHCE Queue?t empty&ENEZEH O|= iterator
O data’t Bi&S 2l0|tCt.

= AMEEl XI2FX: Binary Search Tree, List(Hi® O|& XZ&), Queue

(2) Delete movie

fM BSTO| AFEXZE XSt = Hetrb O|o| EXWSH=X| =elotch o 7| &=
movie titleO|2t= keyE O[3t 0|0 R&dst= ¢f2 =Lt O|IE recursion
Al0| O|&EICt tree®A FO{Z! objectE® X2 ™ pre-order tree iterator?t B2tk
1, X[ XStH empty iteratorZt BHHEICH A2[n O FEE 7FA|LL iterator/t
current positionO|A] Btetgl datag 7HA| D UK oItz Fztel EXf ofF
£ =olsiEnh (Ol Queue AFRTEIE AR EICE) A2|0 F37b EXfSHCHH BST
OlA elementE recursivedtAl X sl EC.

= AF2El X}ETZE: Binary Search Tree, List(HH$ 0|2 XA, Queue

0 ojo] 2gote] Hh=kls UE2 FFE dEHY o WES g of

/\A = L‘l EI-

(3) Add cast

O|RH0f= movieQ| title keyE O|&3t0 BSTO|A HAMES TIHS|ZC DRI =
ZAM AL pre-order tree iteratorZt BFEEICE 2|11 iterator0f data”?b RUCHHA
castlistOfl AFE&XHZ7F LSt AXE Sh= HiR2| nameO| circular doublye linked listOf|
QX Mt ICHH names M YUSHE], &Y 20 % liste sortedEHE FAX|
OfOf ohCt.

A2 El Xt2FZ: Binary Search Tree, Sorted Doubly Linked list, Queue

(4) Delete cast

OFEEZEXI 2 moviell title keyE O|83t0| BSTO|A ZHMZ ZTISHsiFCE HM ZAqt
pre-order tree iteratorZt HteHEICE 2|10 iteratorOf dataZt =LA castlistOf]
MHSEAXL St= HiR2| nameO| EMSt=XE 2HQISiFLE Of HA| EX{go] =l
L listol M cast names M AHFE|, sorted order?t /X[ E Lt

AH2 &l XFE X Binary Search Tree, Sorted Doubly Linked list, Queue



(5) Find movie

movie2| title keyE O|83t0| BSTOA ZHMZS TIMs|E=Ct ZAM ALl pre-order
tree iterator?} YtetEICH 12|10 jterator0f dataZt RUCHH traverseE treel| current
nodel| U= dataE EretS{ECE 2[00 O FEIL ALXE Yot FEeF 22X
H| W SkC,

= AM2El X2 ZX: Binary Search Tree, Sorted Doubly Linked list, Queue

(6) Find movie actor

MZ& in-order iteratorg M5t O|2ZM rootZ2E5E| in-order tree iterator”f
HSLEICEH iterator?t data® ZHX[ZD JUCHH listO| AREXIZF #IOXL Sh= HiRQ
nameO| EXst=Xl =olstct  d2|d listd] HfRL| namek EX{SHCIH
List<Movie>El 22| parameter?! resultt] F2PEEE A USIOHIR7F 02 2o
ZHMS £ A28 ) resultE return SH=LCE.

= A2 El XFEFZE: Binary Search Tree, Sorted Doubly Linked list, Queue

(7) Find movie rating

MZ& in-order iteratorE 485t O|2M rootZ2FEl in-order tree iterator?t
HESHEICE jterator/t dataE 7HA|1 QUCHH O[O CHDE rating= Bt AREXEIE
2ot rating?| Ztat HlmotCt LX|oCHH O[O = resultt] 1 HEE XESHF
1, whileE22 Lt7tH result?f2 ghets|EC}

= AFEE XIEFZE: Binary Search Tree, Sorted Doubly Linked list, Queue

(8) Find movie year
MEZ& in-order iterator® MMt O|2M root2HE in-order tree iterator?}
ol

HESHEICE iterator?t dataZ ZHA|LD RUCHH O[O CHDE yearE HreH D AREXIE &
Aot year?| gfaf HlmotCh LX|SHH resultt] 1 BEE MESHECE 2|12 while
28 LM resylte] MBI} BtSh=ICH

= AMEEl XIE27ZX: Binary Search Tree, Sorted Doubly Linked list, Queue

—~
e}
~

Find movie period

MZ& in-order iterators st O|ZM root2EE in-order tree iterator?}
HESHEICE iterator”t dataE ZFX|2 QUCHH O|0f CHSt yearE gt E=Ch 7| M&=
AERZE = 42| year(yearl, year2)0f| CHot HEE [UHSIHA E|=0, year12 et
22 yearl| ZYELCH RALE 21, year2E HFeHER2 yearl| ZYELCH 3L} ZO}OF
&0l O|FO{RICE HAAILL A2 resultOl M O|FN{X|H whileES LE7tH result?t
HhekEICF

= AMEE XIETFX: Binary Search Tree, Sorted Doubly Linked list, Queue



(10) print movies order
in-order iteratorS S3|l Binary Search TreeO| UE datal =AMz FIZH0]
EHsiECL

At El X2 Z: Binary Search Tree, Queue

Q1) CHRE= ARl MY, MM IE2 ofE A Qb 2Z[AE, AR JF &5 F0|A
0-|l— 7—|2 Al-R'c'FI-)}l—?

= CLRE X2 F Liste] 49 42 AN Aol =MIE |FX =0, Treel| %
recursions &9l treeE traverseStl &Y A AKXE SFCH/ List?t Queue?t &
| AL

2) A8t E XAETERE Y, AN, dM F ol Ao 22Xl
:> Doubly Linked List= ZAMECH= MY S 4 2|3t X}E L X0|Ct E3
F=O|Lt AMH|ZL HIHHSHH O|RO0{XMOF &

LISt% O| %6|'AA |'

Q3) ZTZHNMEQ| z42 X 3'2'}-71(AI-OI/AI-X-"7|. H| H S| I-A) = MEQl 34
o7ty of7|of Hgbet A2t E AHESHETH
= SE0l 2

'Movie Database Application'2 {0MEZ AZHX HIO[E Q| A0t AFK|ZF BIEHS]
A Zddte 38 2tFO|Ct. WatA ofof Mgt Linked list Atz & ALESHRA

Ct.

= O|TIEME

O|ZIEfMER|= O|ZIEtM(Binary Search)?t HZZ|AE(Linked lishE ZAest Xtz

TZO| LFOIC O|TEMEZ| 2 FO| MU= o 24 =0 st AME
# P

‘Movie Database Application'?| 2% ¥2}0|&, H{RO|E, &, M
X

2idg AFA|
O - 1 O O
ZHol| et EM7[sS MSetoh metA o :'EIAEEEP‘ O|TIGHME |7} ot

Chn mERSIQICEH
Qs) HIES ALRSH 2|AETL M Jh o PRE ALY 2|AET} Ml

|

o 8% indexs QUCHE CIOIH FZEHE7F d¥0| w2t= F-O| Atk 1



2{Lt CIOJES] A IO[LE AA Al & X AA7F O|ROE f{X|2] CheFEH 2E
HO[E 2 XIS BHEoHOF otit= EHHOl ALY

HHEHO| HZ2[AEQS| B2 HIOIHO it M2&=s HIEECD =2|tt 2Lt o
o|E1°| Y MM AS FAE B FE K7 R0 BELN W O[Tt

Q6) Linked list7t X2tetit? Doubly Linked list7} & gtetnt?
=> Doubly linked list
UEFH Ol Linked liste= CHS =0 EHMOL 753X
Of HOIHZF A0f AFZ2 EMO| 7hS3ICE kA
SXO| EFAHO| 7bs3lD A|C| EFAHA|ZES HlOZ

OF

Tt Doubly linked list= 5 7
FA Ol Linked listOf] H|8| &=

9_
C !'—+—

r

= L — .

2L} linked listet &2| O =EE X|°E5}7| =7t StLt o ER5t0] b
22|12 O BO| ALSSID, PHO| X3 O BRYNCH EHEO| YUCk

t2fA HO|E 0| En, Ho[H HZO| EIRMSHA O|RO{X|H, &2 AH7F Ao
|

= oy

rE

rot o
4>
¥0
il

—_

d

Bl 7= HIES AFESHL, HO|E 0] BX| B, HIojEel &g S AR 7 i
ot& 0| SCt

m )
LS
LA O|R0E dR0= HEEZLEE AME |
'Movie Database Application'?| 4% 30|52 &g, AX, St 0|52l 4
e, A 9 7|2 SOl &L AHTE BIRSHA 2WSHY| 20| HEZAETL

H —
XSS} THERS|QICH
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BinarySearchTree

- “root BSTNode<BSTData>
-t size:int

- insert_sux(const obj: BSTData & * &node: BSTNode<BSTData>). voi

- *find_aux(const key. DataKey &, “node BSTNode<BSTData>) const BSTNode <BSTData>
- *find_min_aux(*'node: BSTNode<BSTData>) const BSTNode<BSTData>

- erase_aux(const key: DataKey &, * &node: ESTNode<BSTData>): bool

- height_aux(*node: BSTNode<BSTData>) const int

- print_tree ¢ aux(nm mmA “nods: BSTNode<BSTData>, n_space: int) void

+ BinarySearchTree()

- Blnllvselvams(cunslT BinarySearchTrees)

+ ~BinarySearchTree()

+is_empty() const: bool
+ make_empty(): void
+ insert{const obj BSTData &). void
-+ erase(const key. DataKey &) bool
-~ find(const key DataKey &) const BST_preorder_fterator<BSTData, DataKey>
+ size() const int
+ height() const.int
~ get_in_order() const: BST_inorder_terator<BSTData, Datakey>
~ get_in_order(const key- DataKey &) const: BST_inorder_terator<BSTData, DataKey>
+ print_tree(out: ostream &) void

<interface>>
BST_inorder_iterator

- BSTNodePr root
- qum<as‘rNou'Pn» order_queue

- BSTNodePir root

<<interface>>
BST_preorder_iterator

- queue<BSTNodePir> order_queve

+ BST_inorder_terator(the_root: BSTNodeP1r)

+ quede_fter(iode: BSTNOGePr, Q- queue<BSTNodePIr>8): void
-~ has_data() const. bool

-+ get_data() const BSTData &

- next(): void

-+ reset): void

-+ nexi(): void
-+ reset(): void

|+ BST_preorder_fterator(ihe_root. BSTNodePtr)
-+ queue_fiterinode: BSTNodePtr,

+ has_data() const. bool

+ get_data() const BSTData &

. @ queue<BSTNodePI8): void




<<Interface>>
BinarySearchTree

- *root: BSTNode<BSTData>
-t_size: int

- insert_aux(const obj: BSTData &, * &node: BSTNode<BSTData=): void

- *find_aux(const key: DataKey &, *node: BSTNode<BSTData>) const BSTNode<BSTData>
- *find_min_aux(*node: BSTNode<BSTData>) const: BSTNode<BSTData>

- erase_aux(const key: DataKey &, * &node: BSTNode<BSTData=>): bool

- height_aux(*node: BSTNode<BSTData=) const: int

- print_tree_aux(out: ostream &, *node: BSTNode<BSTData=, n_space: int): void

+ BinarySearchTree()

+ BinarySearchTree(const T: BinarySearchTree&)

+ ~BinarySearchTree()

+ const operator=(const T: BinarySearchTree&): BinarySearchTree&

+ is_empty() const: bool

+ make_empty(): void

+ insert(const obj: BSTData &): void

+ erase(const key: DataKey &): bool

+ find(const key: DataKey &) const: BST_preorder_iterator<BSTData, DataKey>

+ size() const: int

+ height() const: int

+ get_in_order() const: BST_inorder_iterator<BSTData, DataKey>

+ get_in_order(const key: DataKey &) const: BST_inorder_iterator=BSTData, DataKey=
+ print_tree(out: ostream &): void

| 4

==|nterface==
BST_inorder_iterator

- BSTNodePtr root
- queue=BSTNodePir= order_queue

+ BST_inorder_iterator(the_root: BSTNodePitr)

+ queue_filter(node: BSTNodePtr, Q: queue<BSTNodePir=&): void
+ has_data() const: bool

+ get_data() const: BSTData &

+ next(): void

+ reset(): void

A

==Interface==
BST_preorder_iterator

- BSTNodePtr root
- queue<BSTNodePir= order_queue

+ BST_preorder_iterator(the_root: BSTNodePtr)

+ queue_filter(node: BSTNodePtr, Q: queue<BSTNodePir=&): void
+ has_data() const: bool

+ get_data() const: BSTData &

+ next(): void

+ reset(): void




<eintertsce>>
queve

~q_front cdist_nodecitem> *
- q_rear. cdist_node<item> *

- as@e sze_fype (unsigned int)

+ aveus()

+queus(Q const queusd)

+ ~queus()

+ const operator=(Q: const queued)
+front() const tem &

+ enqueue(oby: const ltem &): void
+ dequeve() void

+ boolis_empty() const.

<<inferface>>

- movie_st BnarySearchTres<Movie, string>

Pk o R ot v
- Data

 20d.movelconst movie Movi &)

s oy oo e RgE, cmmam Name &) int

- cel

+ make_empty() void
»size) const: size_type.

+ print_queue(out: ofstream 8). void

jete
* Gomte_cos{cont e sing'.contname; Name 8 it
0 movi(Contte: st 8. cons name:Name £

- find_movies_of(canst name: Name &) const List<Mavie>
Cmdmoves_ratediconstatng g &) canst Lst<biove>

+ find_movies_released(year year) const. List<Movie>

- I moves_betweon(yesi. it yeat2 ) const. Litovie=

-+ prini_movies_forward(out ostream &)

<<interface>>
Movie
-t sting
- vear it
- duration: int
- rating. string
- castist NameList

|+ Movie(const ttle_in: string, year_in' int, duration_n: int, constr,
const casstist_in NameList&)

+ get_rating() const strin
+ const get_cast_lst) const NameLst &

-+ i=_cast_member(const name Name &) const bool
- ssi_tti{const nev.
+ setyearinew_year in) voi

<<interface>>
Name

- lastname: string
iname string

- Name(frstname_in astname_in string)
- operator==(src_const Named) canst bool
-+ operstor=(src- const Names, const: bool
-~ operator<(src_ const Names) const bool
-+ operator>{src_ const Names) const bool

-+ aperator<=(src: const Name&) const. bool

- operator>=(src const Names) canst ool
-~ get_key() const stnng
- getfuiname() const strr
- const get_tastname() const string &
-+ const gel_firstname() const string &
eperstarloput e & aget Nam 81 s o &
-+ operator<<(output ostream & const src: Name &) frend ostream &

-+ set_duration(new_duration’int) void
|+ set_rating(const new_ratng: string ). void

-+ set_cast_lst(const L} g

name: Names) bool

o3 const: boo
. epratoreonstsec Movia &} cont b

e ot e Moo &) et bk
-+ operator<=(const src - Movie & ) const: bool
2 oo ool o Mol &) ot bt

- epartore<out: oo st o s 81 conse i o5

<<intertace>
NameList

- names: List<Name>

- NameList)
et e LB )
Ioe(L const NemeL i) const NameLet

sadiname cansiNa

+fndiname: const Namet) mxx
- srseiname const

<<interface>>
DataManager

3inarySearchTree<Movie, string>

2ight() const: void

er()

const movie: Movie &): int

ast(const title: string &, const name: Name &): int
ie(const title: string &): int

(const title: string &, const name: Name &): int
const title: string &, const name: Name &): int
_of(const name: Name &) const: List<Movie>
_rated(const rating:string &) const: List<Movie>
_released(year: year) const: List<Movie>
_between(year1: int, year2: int) const: List<Movie>
s_forward(out: ostream &) const: void

|
==|nterface==
DataManager
- movie_bst BinarySearchTree=Movie, string=
- print_tree_height() const: void
+ DataManager()
+ add_movie(const movie: Movie &): int
+ add_new_cast(const title: string &, const name: Name &): int
+ delete_movie(const title: string &): int
+ delete_cast(const title: string &, const name: Name &) int
+ find_movie(const title: string &, const name: Name &): int
+ find_movies_of(const name: Name &) const: List=Movie=
+ find_movies_rated(const rating:string &) const: List=Movie=
+ find_movies_released(year: year) const: List<Movie=
+ find_movies_between(yeari: int, year2: int) const: List=Movie=
+ print_movies_forward(out: ostream &) const: void

L

<<Interface>>
Movie
- title string
- year: int
- duration: int
- rating: string

- castlist. NameList

+ Movie(const title_in: string, year_in: int, duration_in: int, const rating_in: string,
const casetlist_in: NameList &)

+get_key() const: string

+get_title() const: string

+ get_year() const: int

+get_duration const: int

+get_rating() const: string

+ const get_cast_list() const: NameList &
+is_cast_member(const name: Name &) const: bool

+ set_title(const new_titie:string &): void

+ set_year(new_year: int): void

+ set_duration(new_duration: int): void

+ set_rating(const new_rating: string &): void
+set_cast_list(const L: NameList &): void
+add_cast_member(const name: Name&): bool
+erase_cast_member(const name: Name&): bool

+ operator==(const src: Movie&) const: bool

+ operatori=(const src : Movie & ) const: bool

+ operator<(const src : Movie & ) const: bool

+ operator>(const src : Movie & ) const: bool

+ operator<=(const src : Movie & ) const: bool

+ operator>=(const src - Movie & ) const: bool

+ operator=>(in: istream &, obj: Movie &) const: friend istream &
+ operator<<(out: ostream &, const obj: Movie &) const: friend ostream &

' 7




l

<<Interface>>
queue

- g_front: cdlist_node<Item> *

- q_rear: cdlist_node<item= *

- q_size: size_type (unsigned int)
[+ queue()

[ queue(Q: const queue&)

I+ ~queue()

I+ const operator=(Q: const queue&):

- front() const: ltem &
[+ enqueue(obj: const Item &): void

[+ dequeue(): void

I+ bool is_empty() const;
[+ make_empty(): void
[ size() const: size_type

[+ print_queue(out: ofstream &): void

7
—_— +seLn
~setc
~add
<<intertace>> - erase
Name + operz
+ opers
- astname: string ~ operz
- firstname: string * operg
+ opers
+ Name(fistname._in' string, lastname_in: string) ~ opers
+ operator==(src: const Name&) const: bool + opere
~ operatort=(src. const Nameg,) const. bool - opere
+ operator<(src. const Name, const. bool
~ operator>(src: const Names) const: bool
+ operator<=(src: const Name,) const. bool
+ operator>=(src: const Name&) const: bool
+ get_key() const string il
+ get_fulname() const string
+ const gel_lastname() const. string & —
= Const get_firstname{) const <tring & rratiess Lit<Haine:
+ operator>>(input.isiream & target. Name 8). fiend istream & e
+ operator<<(output: ostream &, const src: Name &). friend ostream & e st a1t E)
+ operator=(L const NameList8) - const NameList &

+add(name: const Name&): void

+ find(name: const Name&): bool

+ erase(name: const Name&): bool

+ size) const int

+is_empty() const bool

+ operator<<(out ostream &, L const NameList &) friend ostream &
+ operator>»(in. istream & L NameList &): friend istream &

<<Interface=>
List

- *head: cdiist_node<item>

+ List()
+ Listiconst L: List&)
+ ~List)
+ const operator=(const L: List &): List &
+ is_empty() const bool
+ make_empty(): void
_ + first() const: List_terator<item>
init_prev. cdist_node) + last() const List_terator<item>
+find(const obj: Item &) const: List_lterator<Item>
+ insert(const obj: tem 8): void
+ erase(const obj. tem &) bool
+ size() const: size_type
+ print_forward(out ostream &) const: void
+ print_backward(out- ostream &) const: void

A 4
==|nterface=>
Name

- lastname: string
- firstname: string

+ Name(firstname_in: string, lastname_in: string)

+ operator==(src: const Name&) const: bool

+ operatorl=(src: const Name&) const: bool

+ operator=(src: const Name&) const: bool

+ operator=(src: const Name&) const: bool

+ operator<=(src: const Name&) const: bool

+ operator==(src: const Name&) const: bool

+ get_key() const: string

+ get_fullname() const: string

+ const get_lastname() const: string &

+ const get_firstname() const: string &

+ operator==(input: istream & target: Name &): friend istream &
+ operator=<<(output: ostream &, const src: Name &): friend ostream &




==/nterface==
NamelList

- names: List=Name=

+ NamelList()
+ NamelList(L: const NameList &)

+ add(name: const Name&): void
+ find(name: const Name&): bool
+ erase(name: const Name&): bool
+ size() const: int

+ is_empty() const: bool

+ operator=(L: const NameList&) : const NamelList &

+ operator=<(out: ostream &, L: const NamelList &): friend ostream &
+ operator==(in: istream &, L- NameList &): friend istream &

)

=<<nterface==
List

- *head: cdlist_node<ltem>

+ List()

+ List(const L: List&)

+ ~List()

+ const operator=(const L: List &): List &

+ is_empty() const: bool

+ make_empty(): void

+ first() const: List_lterator<ltem=

+ last() const: List_lterator<ltem=

+ find(const obj: Item &) const: List_|terator<ltem=
+ insert(const obj: Iltem &): void

+ erase(const obj: Item &): bool

+ size() const: size_type

+ print_forward(out: ostream &) const: void

+ print_backward(out: ostream &) const: void

- *head: cdlist_node<item>
- “tai. cdlst_nodettem

* forward_ter. b
- List_terator(

- get_catal) flem &

= prev() void

- “curent calist_node<item>

- List_iterator(init_head cdist_node<item>, “init_tail cdlist_node<ttem>, go_forward bool
has_gata() const bool \

<<intertacer>
List_iterator

<<intertace>>
cdlist_node

- data: ltern
“link_next cdist_node
link_Drev. cdist_node.

+"gel_next(): cdlisi_node
“gel_next() const:cdist_node

+ set_next{"new_ink cdist_node) void
-+ set_prev(*new_ink cdist_node)’ vod

- find_movies_between(year1: int, year2. int) const List<Movie>
 prinl_movies_forward(out ostream &) const. void

<<interface>>
Name

- lastname: string
- frstname: string

- Namefirstname_in: string. lastname_in string)

- operator<(ste. const Names) const. bool
~ operator»(src. const Name8) const. bool
- operator<={src_ const Names) const bool
- operator>=(src. const Names,) const
- get_key() const string

jiname() const:

const get asiname) const string &
tfrstname() const: string &

« const geL_f
~ operator>>(input istream & target Name &) friend istream &
- operator<<(output ostream &. const src. Name &), riend ostream &

<<irierts
Namel

- names List<Name>

- NameList)

-+ NameListL- const NameList &)

-+ operator=(L const NameLists) - cor

~ addname. const Names): void
« find{name: const Name&) bool

—

- eraseiname const Names.) bool
- size() const. int

+ is_empty() const bool

- operator<<out ostream & L const

<ntertace=
List

- nead calist_node<em>
+ List)

+ Listiconst L: List8)

- <Lt

+ canst operator={const L. List &) Lst &
+1s_empiy() const bool
empty(

i - mae, ) void
+ calist_node(constint_data: tem 8, *ind_next. cdlist_node, int_prev. cdist_node) -

-+ get_datal) Item & + find(const obf

-+ conist get_data const. ftem & -

+ erase(const obj Item &) bool

fst() const: List_terator<item>
Iast() const List_iterator<ltem>

item &) const List_iterator<ltem>
insert(const obj ftem &) void

size() const sz type

- pint_forward(out”ostream &) const: voi¢
« prin_backwar(out ostream &) const. void

- operator>>(n: stream &, L NameL.




|

=<|nterface==
cdlist_node

- data: ltem
- *link_next: cdlist_node
- link_prev: cdlist_node

+ get_data(): ltem &
> const get_data const: ltem &
+ *get_next(): cdlist_node
+ const *get_nexi() const: cdlist_node
+ const *get_prev() const: cdlist_node
+ set_data(const new_data: ltem &): void
+ set_next(*new_link: cdlist_node): void
+ set_prev(*new_link: cdlist_node): void

Le

+ cdlist_node(const init_data: Item &, *init_next: cdlist_node, init_prev: cdlist_node)

=<zinterface==
List_Iterator

- *head: cdlist_node<ltem=

- *tail: cdlist_node<ltem=

- *current: cdlist_node<ltem=
* forward_iter: bool

- List_Iterator()

- List_lterator(*init_head: cdlist_node<Item=, *init_tail: cdlist_node<ltem=>, go_forward: bool
+ has_data() const: bool

+ get_data(): ltem &

+ next(): void

+ prev() void
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