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Pilas y colas

Las pilas y colas son EDs que solo soportan inserción/eliminación de
elementos y la eliminación es restringida:

– en las pilas solo puede eliminarse el último elemento insertado: k
eliminaciones sucesivas eliminan los últimos k elementos insertados

– en las colas solo puede eliminarse el primer elemento insertado: k
eliminaciones sucesivas eliminan los primeros k elementos insertados

En ambos casos, si decimos que un elemento entra cuando es
insertado y sale cuando es eliminado, entonces:

– una pila implementa un esquema LIFO por “Last In, First Out”

– una cola implementa un esquema FIFO por “First In, First Out”
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Implementación de pilas con arreglos

Es fácil implementar una pila con capacidad de n elementos con un
arreglo de dimensión n

El arreglo tiene los atributos: length que denota la dimensión del
arreglo, y top que denota el número de elementos en la pila
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Figure 10.1 An array implementation of a stack S . Stack elements appear only in the lightly shaded
positions. (a) Stack S has 4 elements. The top element is 9. (b) Stack S after the calls PUSH.S; 17/
and PUSH.S; 3/. (c) Stack S after the call POP.S/ has returned the element 3, which is the one most
recently pushed. Although element 3 still appears in the array, it is no longer in the stack; the top is
element 17.

inserted element. The stack consists of elements SŒ1 : : S: top!, where SŒ1! is the
element at the bottom of the stack and SŒS: top! is the element at the top.

When S: top D 0, the stack contains no elements and is empty. We can test to
see whether the stack is empty by query operation STACK-EMPTY. If we attempt
to pop an empty stack, we say the stack underflows, which is normally an error.
If S: top exceeds n, the stack overflows. (In our pseudocode implementation, we
don’t worry about stack overflow.)

We can implement each of the stack operations with just a few lines of code:

STACK-EMPTY.S/

1 if S: top == 0
2 return TRUE
3 else return FALSE

PUSH.S; x/

1 S: top D S: topC 1
2 SŒS: top! D x

POP.S/

1 if STACK-EMPTY.S/
2 error “underflow”
3 else S: top D S: top ! 1
4 return SŒS: topC 1!

Figure 10.1 shows the effects of the modifying operations PUSH and POP. Each of
the three stack operations takes O.1/ time.

Imagen de Cormen et al. Intro. to Algorithms. MIT Press
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Implementación de pilas con arreglos

En las pilas, la inserción se llama Push y la eliminación Pop

1 Stack-Empty(array S)

2 return S.top == 0

3

4 Stack-Push(array S, pointer x)

5 if S.top == S.length then error "stack overflow"

6 S.top = S.top + 1

7 S[S.top] = x

8

9 Stack-Pop(array S)

10 if Stack-Empty(S) then error "stack underflow"

11 S.top = S.top - 1

12 return S[S.top + 1]

Estas operaciones toman tiempo constante
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Implementación de colas con arreglos

Una cola de capacidad n elementos también puede implementarse con
un arreglo de dimensión n con atributos head, tail y nelements:

– head apunta al primer elemento de la cola (aquel que será
removido en la próxima eliminación)

– tail apunta al lugar donde el siguiente elemento será insertado.
Los elementos en la cola se encuentran en las posiciones head,
head + 1, . . . , tail− 1 de forma circular: el siguiente de la
posición length es la posición 1

– nelements mantiene el número de elementos en la cola
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1 2 3 4 5 6 7 8 9 10 11 12
Q(a) 15 6 9 8 4

1 2 3 4 5 6 7 8 9 10 11 12
Q(b) 15 6 9 8 43 5 17

1 2 3 4 5 6 7 8 9 10 11 12
Q(c) 15 6 9 8 43 5 17

Q:head D 7

Q:head D 7 Q: tail D 12

Q: tail D 3

Q: tail D 3

Q:head D 8

Figure 10.2 A queue implemented using an array QŒ1 : : 12!. Queue elements appear only in the
lightly shaded positions. (a) The queue has 5 elements, in locations QŒ7 : : 11!. (b) The configuration
of the queue after the calls ENQUEUE.Q; 17/, ENQUEUE.Q; 3/, and ENQUEUE.Q; 5/. (c) The
configuration of the queue after the call DEQUEUE.Q/ returns the key value 15 formerly at the
head of the queue. The new head has key 6.

Queues
We call the INSERT operation on a queue ENQUEUE, and we call the DELETE
operation DEQUEUE; like the stack operation POP, DEQUEUE takes no element ar-
gument. The FIFO property of a queue causes it to operate like a line of customers
waiting to pay a cashier. The queue has a head and a tail. When an element is en-
queued, it takes its place at the tail of the queue, just as a newly arriving customer
takes a place at the end of the line. The element dequeued is always the one at
the head of the queue, like the customer at the head of the line who has waited the
longest.

Figure 10.2 shows one way to implement a queue of at most n ! 1 elements
using an array QŒ1 : : n!. The queue has an attribute Q:head that indexes, or points
to, its head. The attribute Q: tail indexes the next location at which a newly arriv-
ing element will be inserted into the queue. The elements in the queue reside in
locations Q:head; Q:head C 1; : : : ; Q: tail ! 1, where we “wrap around” in the
sense that location 1 immediately follows location n in a circular order. When
Q:head D Q: tail, the queue is empty. Initially, we have Q:head D Q: tail D 1.
If we attempt to dequeue an element from an empty queue, the queue underflows.

Imagen de Cormen et al. Intro. to Algorithms. MIT Press
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Implementación de colas con arreglos

En las colas, la inserción se llama Enqueue y la eliminación Dequeue

1 Queue-Empty(array Q)

2 return Q.nelements == 0

3

4 Enqueue(array Q, pointer x)

5 if Q.nelements == Q.length then error "queue overflow"

6 Q[Q.tail] = x

7 Q.tail = Q.tail + 1

8 if Q.tail > Q.length then Q.tail = 1

9 Q.nelements = Q.nelements + 1

10

11 Dequeue(array Q)

12 if Queue-Empty(Q) then error "queue underflow"

13 x = Q[Q.head]

14 Q.head = Q.head + 1

15 if Q.head > Q.length then Q.head = 1

16 Q.nelements = Q.nelements - 1

17 return x

Estas operaciones toman tiempo constante
c© 2016 Blai Bonet

Lista enlazada

Una lista enlazada es una ED en donde los objetos se guardan en
orden lineal utilizando apuntadores

En una lista doble-enlazada, cada objeto tiene, además de los datos
satélite, una clave y dos atributos prev y next que apuntan a los
elementos anterior y próximo en la lista. Si x.prev es null, el
elemento x es el primero de la lista, y x es el último cuando x.next

es null

La ED es representada por un objeto L que tiene atributo head el
cual apunta al primero de la lista
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Lista doble-enlazada

10.2 Linked lists 237

9 16 4 1

prev key next

(a)

9 16 4 1(b) 25

9 16 1(c) 25L:head

L:head

L:head

Figure 10.3 (a) A doubly linked list L representing the dynamic set f1; 4; 9; 16g. Each element in
the list is an object with attributes for the key and pointers (shown by arrows) to the next and previous
objects. The next attribute of the tail and the pre! attribute of the head are NIL, indicated by a diagonal
slash. The attribute L:head points to the head. (b) Following the execution of LIST-INSERT.L; x/,
where x:key D 25, the linked list has a new object with key 25 as the new head. This new object
points to the old head with key 9. (c) The result of the subsequent call LIST-DELETE.L; x/, where x
points to the object with key 4.

elements. In the remainder of this section, we assume that the lists with which we
are working are unsorted and doubly linked.

Searching a linked list
The procedure LIST-SEARCH.L; k/ finds the first element with key k in list L
by a simple linear search, returning a pointer to this element. If no object with
key k appears in the list, then the procedure returns NIL. For the linked list in
Figure 10.3(a), the call LIST-SEARCH.L; 4/ returns a pointer to the third element,
and the call LIST-SEARCH.L; 7/ returns NIL.

LIST-SEARCH.L; k/

1 x D L:head
2 while x ¤ NIL and x:key ¤ k
3 x D x:next
4 return x

To search a list of n objects, the LIST-SEARCH procedure takes ‚.n/ time in the
worst case, since it may have to search the entire list.

Inserting into a linked list
Given an element x whose key attribute has already been set, the LIST-INSERT
procedure “splices” x onto the front of the linked list, as shown in Figure 10.3(b).

Imagen de Cormen et al. Intro. to Algorithms. MIT Press
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Tipos de listas enlazadas

Existen varios tipos de listas enlazadas. Las más comunes son:

• simplemente enlazada: cada elemento tiene un atributo next que
apunta al próximo de la lista

• doblemente enlazada: cada elemento tiene dos atributos prev y
next que apuntan al anterior y próximo de la lista respectivamente

• ordenada: los elementos están ordenados según las claves

• circular: los elementos están ordenadas de forma circular (el
próximo del “último” es el “primero” y el anterior al “primero” es el
“último”)

A continuación asumimos listas doblemente enlazadas, no ordenadas y
no circulares
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Búsqueda en una lista enlazada

List-Search(L,k) busca en la lista L el primer elemento que tenga
clave igual a k y retorna un apuntador a tal elemento si lo encuentra y
null si no existe

1 List-Search(list L, key k)

2 x = L.head

3 while x != null & x.key != k do

4 x = x.next

5 return x

En el peor caso, la clave buscada no se encuentra en la lista o se
encuentra en el último elemento por lo que List-Search toma
tiempo Θ(n) en el peor caso donde n es el número de elementos en L
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Inserción en una lista enlazada

Para insertar un elemento en una lista no ordenada, basta colocarlo
al “frente” de la lista

1 List-Insert(list L, pointer x)

2 x.next = L.head

3 if L.head != null then L.head.prev = x

4 x.prev = null

5 L.head = x

List-Insert toma tiempo constante
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Eliminación en una lista enlazada

Para eliminar un elemento de la lista necesitamos un apuntador al
elemento

La idea es “pegar” lo anterior al elemento con lo próximo al elemento,
pero tenemos que considerar los casos borde

1 List-Delete(list L, pointer x)

2 if x.prev != null then x.prev.next = x.next

3 if x.next != null then x.next.prev = x.prev

4 if x.prev == null then L.head = x.next

List-Delete toma tiempo constante
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Uso de sentinelas

Un sentinela es un objeto espurio que se utiliza como “marcador”
dentro de la lista y que permite simplificar la implementación de
operaciones (sobretodo los casos bordes)

Mostramos como utilizar un sentinela insertado de forma circular
entre el primero y último de la lista

El sentinela es apuntado por L.nil y es tal que L.nil.next es el
primero de la lista y L.nil.prev es el último de la lista. También:

– L.nil.next.prev = L.nil

– L.nil.prev.next = L.nil

El apuntador L.head no se necesita
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Listas circulares con sentinelas
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(d) L:nil

L:nil
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L:nil

Figure 10.4 A circular, doubly linked list with a sentinel. The sentinel L:nil appears between the
head and tail. The attribute L:head is no longer needed, since we can access the head of the list
by L:nil:next. (a) An empty list. (b) The linked list from Figure 10.3(a), with key 9 at the head and
key 1 at the tail. (c) The list after executing LIST-INSERT0.L; x/, where x:key D 25. The new object
becomes the head of the list. (d) The list after deleting the object with key 1. The new tail is the
object with key 4.

but has all the attributes of the other objects in the list. Wherever we have a ref-
erence to NIL in list code, we replace it by a reference to the sentinel L:nil. As
shown in Figure 10.4, this change turns a regular doubly linked list into a circu-
lar, doubly linked list with a sentinel, in which the sentinel L:nil lies between the
head and tail. The attribute L:nil:next points to the head of the list, and L:nil:pre!
points to the tail. Similarly, both the next attribute of the tail and the pre! at-
tribute of the head point to L:nil. Since L:nil:next points to the head, we can
eliminate the attribute L:head altogether, replacing references to it by references
to L:nil:next. Figure 10.4(a) shows that an empty list consists of just the sentinel,
and both L:nil:next and L:nil:pre! point to L:nil.

The code for LIST-SEARCH remains the same as before, but with the references
to NIL and L:head changed as specified above:

LIST-SEARCH0.L; k/

1 x D L:nil:next
2 while x ¤ L:nil and x:key ¤ k
3 x D x:next
4 return x

We use the two-line procedure LIST-DELETE 0 from before to delete an element
from the list. The following procedure inserts an element into the list:

Imagen de Cormen et al. Intro. to Algorithms. MIT Press
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Uso de sentinelas

1 List-Search’(list L, key k)

2 x = L.nil.next

3 while x != L.nil & x.key != k do

4 x = x.next

5 return x

6

7 List-Insert’(list L, pointer x)

8 x.next = L.nil.next

9 L.nil.next.prev = x

10 L.nil.next = x

11 x.prev = L.nil

12

13 List-Delete’(list L, pointer x)

14 x.prev.next = x.next

15 x.next.prev = x.prev
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Implementación de apuntadores

Mostramos como implementar apuntadores y atributos de objetos en
lenguajes de programación que solo soporta arreglos (e.g. FORTRAN)

c© 2016 Blai Bonet

Representación de objetos con arreglos múltiples

Una colección de n objetos con m atributos puede representarse con
m arreglos de dimensión n, un arreglo por atributo

Por ejemplo, para representar una lista con los atributos key, prev y
next utilizamos 3 arreglos de dimensión n:
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9 16 4 1

prev key next

(a)

9 16 4 1(b) 25

9 16 1(c) 25L:head

L:head

L:head

Figure 10.3 (a) A doubly linked list L representing the dynamic set f1; 4; 9; 16g. Each element in
the list is an object with attributes for the key and pointers (shown by arrows) to the next and previous
objects. The next attribute of the tail and the pre! attribute of the head are NIL, indicated by a diagonal
slash. The attribute L:head points to the head. (b) Following the execution of LIST-INSERT.L; x/,
where x:key D 25, the linked list has a new object with key 25 as the new head. This new object
points to the old head with key 9. (c) The result of the subsequent call LIST-DELETE.L; x/, where x
points to the object with key 4.

elements. In the remainder of this section, we assume that the lists with which we
are working are unsorted and doubly linked.

Searching a linked list
The procedure LIST-SEARCH.L; k/ finds the first element with key k in list L
by a simple linear search, returning a pointer to this element. If no object with
key k appears in the list, then the procedure returns NIL. For the linked list in
Figure 10.3(a), the call LIST-SEARCH.L; 4/ returns a pointer to the third element,
and the call LIST-SEARCH.L; 7/ returns NIL.

LIST-SEARCH.L; k/

1 x D L:head
2 while x ¤ NIL and x:key ¤ k
3 x D x:next
4 return x

To search a list of n objects, the LIST-SEARCH procedure takes ‚.n/ time in the
worst case, since it may have to search the entire list.

Inserting into a linked list
Given an element x whose key attribute has already been set, the LIST-INSERT
procedure “splices” x onto the front of the linked list, as shown in Figure 10.3(b).
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1 2 3 4 5 6 7 8

key
next

prev

L 7

4 1 16 9
3 2 5

5 2 7

Figure 10.5 The linked list of Figure 10.3(a) represented by the arrays key, next, and pre!. Each
vertical slice of the arrays represents a single object. Stored pointers correspond to the array indices
shown at the top; the arrows show how to interpret them. Lightly shaded object positions contain list
elements. The variable L keeps the index of the head.

attribute of the tail and the pre! attribute of the head, we usually use an integer
(such as 0 or !1) that cannot possibly represent an actual index into the arrays. A
variable L holds the index of the head of the list.

A single-array representation of objects
The words in a computer memory are typically addressed by integers from 0
to M ! 1, where M is a suitably large integer. In many programming languages,
an object occupies a contiguous set of locations in the computer memory. A pointer
is simply the address of the first memory location of the object, and we can address
other memory locations within the object by adding an offset to the pointer.

We can use the same strategy for implementing objects in programming envi-
ronments that do not provide explicit pointer data types. For example, Figure 10.6
shows how to use a single array A to store the linked list from Figures 10.3(a)
and 10.5. An object occupies a contiguous subarray AŒj : : k". Each attribute of
the object corresponds to an offset in the range from 0 to k ! j , and a pointer to
the object is the index j . In Figure 10.6, the offsets corresponding to key, next, and
pre! are 0, 1, and 2, respectively. To read the value of i:pre!, given a pointer i , we
add the value i of the pointer to the offset 2, thus reading AŒi C 2".

The single-array representation is flexible in that it permits objects of different
lengths to be stored in the same array. The problem of managing such a heteroge-
neous collection of objects is more difficult than the problem of managing a homo-
geneous collection, where all objects have the same attributes. Since most of the
data structures we shall consider are composed of homogeneous elements, it will
be sufficient for our purposes to use the multiple-array representation of objects.

Imagen de Cormen et al. Intro. to Algorithms. MIT Press
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Representación de objetos con arreglo único

La memoria en un computador se direcciona como un arreglo, desde
la posición 1 hasta la posición M

Utilizamos la misma idea para guardar todos los objetos en un arreglo
A suficientemente grande. Cuando todos los objetos tienen el mismo
tamaño (i.e. mismo número de atributos), cada objeto se guarda en
un segmento contiguo A[j . . . k] de igual tamaño

Dado el comienzo j de un objeto, los atributos son guardados en
desplazamientos fijos a partir de j. En el caso de la lista, cada
objeto tiene 3 elementos y podemos utilizar el desplazamiento 0 para
guardar key, 1 para guardar next y 2 para guardar prev

Por ejemplo, para leer el atributo prev del objeto apuntado por el
ı́ndice i, leemos la entrada A[i + 2] en el arreglo
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Representación de objetos con arreglo único
10.2 Linked lists 237

9 16 4 1

prev key next

(a)

9 16 4 1(b) 25

9 16 1(c) 25L:head

L:head

L:head

Figure 10.3 (a) A doubly linked list L representing the dynamic set f1; 4; 9; 16g. Each element in
the list is an object with attributes for the key and pointers (shown by arrows) to the next and previous
objects. The next attribute of the tail and the pre! attribute of the head are NIL, indicated by a diagonal
slash. The attribute L:head points to the head. (b) Following the execution of LIST-INSERT.L; x/,
where x:key D 25, the linked list has a new object with key 25 as the new head. This new object
points to the old head with key 9. (c) The result of the subsequent call LIST-DELETE.L; x/, where x
points to the object with key 4.

elements. In the remainder of this section, we assume that the lists with which we
are working are unsorted and doubly linked.

Searching a linked list
The procedure LIST-SEARCH.L; k/ finds the first element with key k in list L
by a simple linear search, returning a pointer to this element. If no object with
key k appears in the list, then the procedure returns NIL. For the linked list in
Figure 10.3(a), the call LIST-SEARCH.L; 4/ returns a pointer to the third element,
and the call LIST-SEARCH.L; 7/ returns NIL.

LIST-SEARCH.L; k/

1 x D L:head
2 while x ¤ NIL and x:key ¤ k
3 x D x:next
4 return x

To search a list of n objects, the LIST-SEARCH procedure takes ‚.n/ time in the
worst case, since it may have to search the entire list.

Inserting into a linked list
Given an element x whose key attribute has already been set, the LIST-INSERT
procedure “splices” x onto the front of the linked list, as shown in Figure 10.3(b).
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1 2 3 4 5 6 7 8

A

L

4 1 16 97 44

9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

prev
next

key

19

1313 19

Figure 10.6 The linked list of Figures 10.3(a) and 10.5 represented in a single array A. Each list
element is an object that occupies a contiguous subarray of length 3 within the array. The three
attributes key, next, and pre! correspond to the offsets 0, 1, and 2, respectively, within each object.
A pointer to an object is the index of the first element of the object. Objects containing list elements
are lightly shaded, and arrows show the list ordering.

Allocating and freeing objects
To insert a key into a dynamic set represented by a doubly linked list, we must al-
locate a pointer to a currently unused object in the linked-list representation. Thus,
it is useful to manage the storage of objects not currently used in the linked-list
representation so that one can be allocated. In some systems, a garbage collec-
tor is responsible for determining which objects are unused. Many applications,
however, are simple enough that they can bear responsibility for returning an un-
used object to a storage manager. We shall now explore the problem of allocating
and freeing (or deallocating) homogeneous objects using the example of a doubly
linked list represented by multiple arrays.

Suppose that the arrays in the multiple-array representation have length m and
that at some moment the dynamic set contains n ! m elements. Then n objects
represent elements currently in the dynamic set, and the remaining m"n objects are
free; the free objects are available to represent elements inserted into the dynamic
set in the future.

We keep the free objects in a singly linked list, which we call the free list. The
free list uses only the next array, which stores the next pointers within the list.
The head of the free list is held in the global variable free. When the dynamic
set represented by linked list L is nonempty, the free list may be intertwined with
list L, as shown in Figure 10.7. Note that each object in the representation is either
in list L or in the free list, but not in both.

The free list acts like a stack: the next object allocated is the last one freed. We
can use a list implementation of the stack operations PUSH and POP to implement
the procedures for allocating and freeing objects, respectively. We assume that the
global variable free used in the following procedures points to the first element of
the free list.

Imagen de Cormen et al. Intro. to Algorithms. MIT Press
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Reclamando y liberando espacio (objetos)

Cada vez que se inserta un objeto en un conjunto dinámico se
necesita reservar/reclamar (“allocate”) espacio para guardar el objeto,
y cada vez que se elimina el objeto se debe liberar el espacio utilizado

Para el caso sencillo de objetos homogéneos, mostramos como
implementar el manejo de espacio para el caso de una lista doble
enlazada representada con 3 arreglos

Suponga que los arreglos tienen dimensión m y la lista contiene
n ≤ m elementos: cada arreglo contiene m− n posiciones no
utilizadas o libres

Los objetos libres se mantienen en una lista llamada “free list” de la
cual se obtiene el espacio para los objetos nuevos

c© 2016 Blai Bonet

Free list

Free list es una lista simplemente enlazada que se mantiene con el
arreglo next

La lista libre se utiliza como una pila:

– cada vez que se necesita espacio para un objeto nuevo, el primer
elemento de free list es utilizado

– cada vez que se elimina un objeto, el espacio es retornado al frente
de free list
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Free list
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Figure 10.7 The effect of the ALLOCATE-OBJECT and FREE-OBJECT procedures. (a) The list
of Figure 10.5 (lightly shaded) and a free list (heavily shaded). Arrows show the free-list structure.
(b) The result of calling ALLOCATE-OBJECT./ (which returns index 4), setting keyŒ4! to 25, and
calling LIST-INSERT.L; 4/. The new free-list head is object 8, which had been nextŒ4! on the free
list. (c) After executing LIST-DELETE.L; 5/, we call FREE-OBJECT.5/. Object 5 becomes the new
free-list head, with object 8 following it on the free list.

ALLOCATE-OBJECT./

1 if free == NIL
2 error “out of space”
3 else x D free
4 free D x:next
5 return x

FREE-OBJECT.x/

1 x:next D free
2 free D x

The free list initially contains all n unallocated objects. Once the free list has been
exhausted, running the ALLOCATE-OBJECT procedure signals an error. We can
even service several linked lists with just a single free list. Figure 10.8 shows two
linked lists and a free list intertwined through key, next, and pre" arrays.

The two procedures run in O.1/ time, which makes them quite practical. We
can modify them to work for any homogeneous collection of objects by letting any
one of the attributes in the object act like a next attribute in the free list.
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Manejo del free list

1 Allocate-Object()

2 if free == null then error "out of space"

3 x = free

4 free = free.next

5 return x

6

7 Free-Object(pointer x)

8 x.next = free

9 free = x
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Representación de árboles enraizados

Las técnicas de representación de objetos y apuntadores las podemos
utilizar para representar árboles enraizados. Mostramos como
representar:

– árboles binarios

– árboles con número variable de hijos

c© 2016 Blai Bonet

Árboles binarios

Para un árbol binario basta mantener 3 atributos por cada nodo:

– atributo p que apunta al nodo “padre” del nodo

– atributo left que apunta al hijo izquierdo del nodo

– atributo right que apunta al hijo derecho del nodo10.4 Representing rooted trees 247

T:root

Figure 10.9 The representation of a binary tree T . Each node x has the attributes x:p (top), x: left
(lower left), and x:right (lower right). The key attributes are not shown.

T:root

Figure 10.10 The left-child, right-sibling representation of a tree T . Each node x has attributes x:p
(top), x: left-child (lower left), and x:right-sibling (lower right). The key attributes are not shown.
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Árboles con número variable de hijos

Para árboles con un número variable de hijos, utilizamos 3 atributos:

– atributo p que apunta al nodo “padre” del nodo

– left-child que apunta al hijo más a la izquierda del nodo

– next-sibling que apunta al “hermano” a la derecha del nodo

10.4 Representing rooted trees 247

T:root

Figure 10.9 The representation of a binary tree T . Each node x has the attributes x:p (top), x: left
(lower left), and x:right (lower right). The key attributes are not shown.

T:root

Figure 10.10 The left-child, right-sibling representation of a tree T . Each node x has attributes x:p
(top), x: left-child (lower left), and x:right-sibling (lower right). The key attributes are not shown.
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Ejercicios (1 de 5)

1. ¿Cómo tienen que ser inicializados los atributos en una pila y cola vaćıa?

2. (10.1-1) Ilustre la siguiente secuencia de operaciones sobre una pila vaćıa
implementada en un arreglo S[1 . . . 6]: Push(S,4), Push(S,1),
Push(S,3), Pop(S), Push(S,8), Pop(S)

3. (10.1-2) Explique como implementar dos pilas sobre un arreglo A[1 . . . n]
de tal forma que ninguna inserción haga “overflow” a menos que el
número total de elementos en las dos pilas sea n. Todas las operaciones
deben correr en tiempo constante

4. (10.1-3) Ilustre la siguiente secuencia de operaciones sobre una cola vaćıa
implementda en un arreglo Q[1 . . . 6]: Enqueue(Q,4), Enqueue(Q,1),
Enqueue(Q,3), Dequeue(Q), Enqueue(Q,8), Dequeue(Q)

c© 2016 Blai Bonet

Ejercicios (2 de 5)

5. (10.1-5) Mientras las colas y pilas permiten la inserción/eliminación de
elementos en un solo lado, una deque (double-ended queue) permite la
inserción/eliminación de elemenetos en ambos lados. Escriba 4
operaciones de tiempo constante para insertar/eliminar elementos de
ambos lados de un dequeu implementado sobre un arreglo

6. (10.1-6) Asumiendo que solo tiene pilas disponibles (no arreglos),
muestre como implementar una cola utilizando dos pilas. Analice el
tiempo de ejecucion de cada operación de pila

7. (10.1-7) Asumiendo que solo tiene colas disponibles (no arreglos),
muestre como implementar una pila utilizando dos colas. Analice el
tiempo de ejecucion de cada operación de pila

8. (10.2-1) ¿Se puede implementar una operación Insert de tiempo
constante en una lista simplemente enlazada? ¿Y qué de Delete?
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Ejercicios (3 de 5)

9. (10.2-2) Implemente una pila utilizando una lista simplemente enlazada.
Las operaciones Push y Pop deben corren en tiempo constante

10. (10.2-2) Implemente una cola utilizando una lista simplemente enlazada.
Las operaciones Enqueue y Dequeue deben corren en tiempo constante

11. (10.2-4) Modifique List-Search’(L,k) de forma tal que la condición
de lazo solo sea x.key != k

12. (10.2-5) Implemente un diccionario utilizando una lista circular
simplemente enlazada. ¿Cuáles son los tiempos de corrida de las
operaciones?

13. (10.2-6) La operacion Union de dos conjuntos dinámicos S1 y S2 retorna
un conjunto dinámico S1 ∪ S2. Los conjuntos S1 y S2 son destruidos
durante la operación. Muestre como soportar dicha operación en tiempo
constante utilizando una lista de tipo apropiado
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Ejercicios (4 de 5)

14. (10.2-7) Diseñe un procedimiento iterativo de Θ(n) tiempo que invierta
el orden de los elementos en una lista simplemente enlazada con n
elementos. El procedimiento debe utilizar espacio constante adicional al
espacio de la lista

15. (10.3-2) Escriba Allocate-Object y Free-Object para una colección
homogenea de objetos implementados con un arreglo único

16. (10.3-5) Sea L una lista doble enlazada con n elementos guardada en 3
arreglos de largo m. Suponga que los arreglos son manejados por
Allocate-Object y Free-Object con una lista doble enlazada F de
libres, y que solo n objetos de los arreglos son utilizados (i.e. por los
objetos en L). Escriba Compatify-List(L,F) que dadas la listas L y F
mueve los elementos en L y F tal que las primeras n posiciones de los
arreglos guarden los elementos de L y la lista F de libres refieraa a las
últimas m− n posiciones en los arreglos. El procedimiento debe correr en
tiempo O(n) y utilizar espacio constante

c© 2016 Blai Bonet

Ejercicios (5 de 5)

17. (10.4-2) Escriba un procedimiento recursivo que corra en tiempo O(n) e
imprima todas las claves en un árbol binario de n elementos

18. (10.4-3) Escriba un procedimiento iterativo que corra en tiempo O(n) e
imprima todas las claves en un árbol binario de n elementos. Su
procedimiento debe utilizar una pila

19. Escriba un procedimiento iterativo que corrar en tiempo O(n) y cuente
el número de nodos en un árbol binario. Su procedimiento no puede
modificar el árbol y debe utilizar espacio constante

20. Escriba un procedimiento iterativo que corrar en tiempo O(n) y cuente
el número de nodos en un árbol con número variable de hijos. Su
procedimiento no puede modificar el árbol y debe utilizar espacio
constante
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