


estructura datos

=OR"AL SEC = CATIONS OF AN AD
Data logic = cierto. I Falso * When the parameter is a generator you must ommit the output

or
,

and : Lógico -- Logico -- Logico (Role very important in Muskel) because of new commons)

not :: Lógico -D Lógico (Bool)

not Cierto : Falso not Falso = Cierto

audor X y
= z

orand

falso = not cierto.

j !_ QUC 18
· - erminology :

true
- A type (sort) is a set of values a boolean

false

-> int by values 0
.

-1, 1 ,-2
,
2 ...; intl] composed by114, 11 , 2 , 34 , 11 , 4 , 54

-> Par (int, char) composed by 11
,

19)
,

10
, 18'

- A datum is a value belonging to concrete type (true
,

0
, 11 , 24)

- An Abstract Data Type (ADT) is a type together with a set of operations for managing its data
,

without taking into account
any implementation detail.

Each operation is defined in terms of its inputs and outputs : Boolean ADT = Girve,
False, and, or , noth ; Naturals ADT = 50 ,

Suc
, +, -

, <, ...

- A Data Structure is a physical implementation of one or more ADT's. Each operations defined into an ADT is associated to one or more functions/procedures

methods written with a coucrete programming language . It's data is usually stored in central memory. When it is stored into secondary memory we have File

.
2. Jata Structures and Efficiency ·

-> A computer program can be decomposed as : Program = Algorithm + Data Structures IN
.
Wirth

Logic + Control

- The most important task of a program (VERY IMPORTANT) consists in sturing and retrieving information. It is crucial to organize data in way that information

can be manipulated as more efficient as possible.

->

Algorithms describe the sequence of actions to be applied on data and they have I components : definition of operations and implementation.

-> A good choice of approprate data structures to manipulate the data involved in a program,
as well as a dever design might imply that such program is executed

in a fewr seconds offering the pursued results
.

- Some criteria which will help us to select a good Data structure for a given problem:

-> To analyze the problem to determine the Data Structure

- To decide the basic sets of operations to be applied on each Data Structure

= Inserting, deleting , searching ...
data

,
are considered basic operations on a Data Structure

-D To select the Data Structure which minimizes the computational cost



.

3. Jata Structures and Object Oriented

-

0. 0 . Programing becomes a suitable paradigm for implementing a Data Structure thanks to its wide repertoire of resources and tools for performing this task :

-> The notion of class allows us to clearly define and create a Data Structure

↑ Information hiding enables the possibility of hiding most implementation details of the Data structures to the final user.

-> Inheritance is useful for creating new Data Structure from previous existing ones
,

as well as for building generic D. S.

->

Polymorphism allows to change the behaviour of a given operation depending on the D.
S where it is applied

V1: -8 - (-S9380..- S
2.
- .

ntroduction :

- The definition of an ADT is performed independently of its implementation. We can use formal languages which sometimes offer an implementation of the ADT

- There exist a mathematical definition for int used for implementing this concept with a programming language. It is mandatory to know such mathematical description for

using in JAVA . Something similar occurs with other types like boolean
,

real
, array , arraylist ...

The more complex an ADT is
,

the most required is too its formal definition.

- It's important separate the specification from its implementation (s)

2
.

2
.

Formal Specification of an ADT
.

-

GOAL : To establish what a Data Type is by means of an algebraic model
.

-> We define the meaning or semantics of the operations by using a set of equations or axioms (fr
, mENat) add (Succm) , n) = Suc (add (m, n)

-> In order to define the meaning of any ADT
,

the set of axioms must be sufficient (enough), any property of the ADT should be proven from the set of axioms,

but it will not be possible to demonstrate false properties

-> Axioms describe in an abstract way a minimal set of constraints or conditions which must be verified by any concrete implementation of the ADT

ADVANTAGES

-> Users share the same (unique) interpretation of the ADT

-> Programs making use of the ADT admit formal (automatic) verification .

- Possibility of using tools for executing specifications -- prototype generation .

ELEMENTS APPEARING IN A FORMAL SPECIFICATION OF AN ADT

-> 1
. Set of types required in the definition -b Interested Type or Intended Type (IT) -D Sorts or Domains

.

-> 2
. Operations for manipulating the data of the IT-D Provide names and prototypes or shapes .

We can distinguish the following kinds of operations:

-> Generators or constructors: Used to built all data of the IT
. Data are really the terms produced with these operations and they can't no seen as applicati

which produce an output

-> Modifiers : Useful for obtaining data of the IT from other operations which aren't generators.

-> Consult operations : Return objects different from the IT

-> Predicates : They provide a Book value

-> Selectors: They provide attributes of data collected in a IT
.

-D 3.
. Sufficient set of axioms defining operations and their properties . It is usual that some axioms be recursive.

-> Axioms are mandatory for proving that any free term is always equivalent to other one built only with generators -D inform about equivalenc



FREE AND NOT FREE GENERATORS

Generators of an ADT are free if different herms always represent different data.

-D

1
Not free generators force us to establish a set of axioms for describing the equality among basic terms

, called equivalence axioms required too for identi-

fying non valid terms. They introduce an equivalence relation among herms , where there might exist a particular cass collecting the set of all possible non valid he

Equivalence -> Shape Suc(Suc) ... Suc(Zero))) or Pre(Pre) ... Prelzero)) called canonic representative -A terms in normal form

HASKELL INSERT :

insert :: List x -> Listy -> List a

insert X y = X : y : List.

30th October 2017

1) times (specified) nf-Inte

data Nat = zero Suc Nat data Inte = z SInte P Inte

times : Nat -> Nat-p Nat o Inte :: Inte -- Inter

fact :: Nat -> Nat absI , aux-absl :: Inte -> Nat

fact : Zero -> SucZero . absIX = aux-abs[ (nf-InkX)

fact : Suc(x) -> times (factx) (Sucx) aux-abs] :: Inte-d Nat .

aux-abs I Z -> Zero.

aux-abs I s(x) -D Suc (aux-abs X)

aux-abs I P(x) -D Suc (aux-abs X)

factabs I :: Inte -DInte.

factabsIZ = Zero

factabs [ X = aux-fact (fact (abs - EX))

aux-fact :· Nat -> Inte

aux-fact Zero = Z

aux-fact Suc(x) = S(aux-fact x)



EXERCISES

andor : (X 1 y) vz orand (false , a , b) = guese

andor (true, true , c) = true orand (fulse , b
, true) = b

andor (true , false , c) = or and (true,
b

, true) = true.

audor (false , false , c) = c

andor (c ,
b

, 2) = c

EXAMPLE IN HASKELL: NATURAL NUMBERS :

data Nat = Cero Suc Nat deriving Show

Suma :: Nat-> Nat -> Not . Only 2 formats.

soma Suc(Suc Cero) (Suc Cero) d Suc (Suc (Succero)

Suma Cero X = X
-> ecuation

Suma (Sucy) X = Suc (Suma X y)

Recursion parameter

Example exercise:

inf Cero = Cero feed Cero = Suc (Succero) feed Cero = Suc Cero

inf (Suc Cero) = Suc Cero feed Suc (Suc Cero) = Sua cero feed Suc Cero = Suc (Suc Cero)

-D
-D

inf (Suc(Suc Cero))= Suc (Suc Cero) feed Suc Cero = Cero feed Suc (Suc Cero) = cero

inf (Suc (Suc (Sucx))) = infx feed Suc (Suc (Sucx)) = feed X feed (Suc(Suc (Sucx))) = feed X

TEST IF THE INT IS IN NORMAL FORM

test :: Inte-d Bool

test Z = True

Lest (P(SX)) = False

test (5(PX1) = False

test PX = test X

Lest sx = test x

FACTORIAL

Parityfactorial :: Nat -> Nat Parityfactorial :: Nat -> Nat

Parityfactorial Cero = Suc Cerr Parityfactorial Cero = Cerr

Parityfactural Suc Cero = Suc Cero Parityfactural Suc Cero = Suc Cero

EParityfactorial (Suc (Sucx)) = times (perifactorial (x)) (Suc(Sucx1) Parityfactorial (Suc (Sucx)) = times (perifactorial (x)) (Suc(Sucx()

We add here perityfactorial Src(SucCero) = Suc (Suc Cero)



JAVA LISTS

generators [] empty list

S element I 321
(x : t) = LIFO -D Last input is first output,

-> always
a list .

head :: [a 3 -D a (3 : (2 : (1 : [])

head [] = andor"
....

"
+ + :: [a] -D[a] -P [a]

Lead (X : ) = X list + + 3 = list

tail :: [a] -D list + + (x : () = (X : list) + + t ¿ WHAT IS IT DOINS ?

La
l + + (x : t) = (l + + [x3) + + t

Dynamic

LOW LEVEL Static

SUMMARY IMPORTANT-D LIFO (Last input first output)

list [a] [] (X : t) head tail Ex : 12In tail output is the list containing 1.

Stark Stack a Et(X : /S) top pop

EQu
Quere Quere a cv (q:. x)

qSq :: Quere a -b Stack a b Quere a

3q :: Quere a o Stuck a -> Stack a
recossion needed.

5qq :: Stack a -D Quere a b Quere a

sq :: Stack a
o Quere a

-> Stack a

cq :: Quere a -d Quere a -b Quere a

q q EQu = q

I29292 = cq(qe :· (first(2) fest q2)

cqq 1 (92 :. x) = cq (q1 :. x) 92
& s

92 9:
- -L

< qe 92 :. x = cq(tQn : 1) (tan :. 2 :.. 4 = cq(tQn :· 1) (t ::. 3 :. 4 = cq(tQu : 1) (tan) :. 2 :. 3 :. =

: . EQU :. 1 :. 2 :. 3 :. 4

sqi : Stack a
-> Quere a

5q Est = EQu

sq(X : /s) = (SqS) :. x

* aux :: Stack a - Quere a D Quere a

sq2 s = aux s EQu aux (X: s) q = aux > (q :. x)

aux Est q =

q



qq - Quere a -b Stack a -1 Quere a

A

-..
SU) :

"

<PORESS - S
NOVEMBER ZTH , 2022

1) SPECIFICATION :

aINON-FREE generators) data Inte = z1 SInte /PInl deriving subl :: Ink-> Inte -> Inte Inpot = Output .

Sub[ : Inte-dInte-Inte

sub I Xz = X

Sub1(sx) (Sy)= Subl X y

subIX (Sy) = P(subl x y)

sublPX Py = subIX y

sub x Py = S(subIxy)

b) Haskell.

op 22 (EQU :· 1 :.2 :.3) (U : /ES) -D 3 : / (op22 EQui . 1 :. 2 U :/ES) = 3 : /(2 : /(i/ ES) : Y el U ?

op 22 EQU 4: /5:/ : /ES + 6 :/ (OPIZEQU U: /S : /ES) = 6 : /(5 : /(op22 EQU U:/ES) = 6 : /(S:/(4 :/ES) = 5 : /(6 : /ES)

op22 (EQU :. 1 :. 2 :. 3) (4 : 15 :/6 : /ES) = 3 : /2 : /1 : / 5 :/6 : /ES

2 a) HIGH LEVEl : Public Stati <Es PilaTE) op 22 (Cola (Ex q . Pila (EL s(

& Pila <Es S1 ; Cola <Ex q1... I

b) LOW (EVEC : public void op 22 (CDCE) q)

& Nodo < E) aux = null :.... I



COWSTAT < araes
, pointers

JAVA public PD() Haskell [J

HIGH

↓ T PP
Pila Dinámica.

& Nodocabeza = Nullh this

this S
public PD (EX

, PDCES S) NodoCaleza
-

2 New
↳
E

Nodo Cabezaun class Nodo < Es ↓ if (e ! = null) Nodo(X, S
. Nodocabezal

1 link 1 Ingo E : Nodo <El Siguiente .

D1 1 PD <E) pd = new PDCEs();↳ nuel

public class Nodo (X
, p) this. Nodo Cabeza = new Nodo (X

,
s. Nodo

1 Info = X ; Siguiente = pil
Cabeza)

Preserve the state of the parameter -> Do a done)

Public void Apila (Ee) ; Public void APira /EX
,

PlaCE) p) ; public PilaCE) Apea (Ee) ; Public PilaCE) Apla (Ee ,
Pila (EXp)

↓
I Codigo en la 1 if (P

. EsVacial)

práctica)
p. NodoCabeza = X

.
Nodocabeza

else I

S = newPD (p . tope() , p
. Desapila)

5. Nodocabeza = new Nodo (X
,

S. Nodo Cabeza (

breturn 5: l

Ejercicio :

9Sq :: Quere a -> Stack a o Quere a

qSq q ESt = q

959 & X /s = (q3995) :. X < NOT GOOD BECAUSE STACK INFO IS INSERTED IN REVERSE WAY
,

La
qsq (q:. x) s

# 1314
sqs :: Stack a -b Quere a - Stack a sqs (1 :/2 :/ Est) (EQU :· 3 :. 4)

sqs Est q = qS q -D = 1 :/ (sqs 2 :/Est (EQU :. 3 :. 4)

(x /s) q = x :/ (sqssq) Transforming quere into a stack. = 1 :/2 : /(595 Est (EQ :. 3 :.4)

L

q :: Querea-b Stack a

qS EQu = ESt

qS q:. X = X :/(qsq) -D example as EQU : 3 :. 4 + 4 : /(q EQu :· 3) = 4:/3 :/ (qSEQu) = 4 :/3:/Est .



Use this line:

infixl 5 :. Lo usamos como encola (por comodidad)

ordenar :· Cord a) -D Cola a -> Cola a

ordenar CV = CV

ordenar q = Cordenar (quitarq (morq))) :
· (mayor a)

If we can compare objects its classes are comparable.

infixr 5 : / insertar

polish notation:

20 + 4 = 10 - D 23 4 + = 10

2 *(3 + 4) = 14 - 2(34 +)

IMPORTANT THINGS :

* Generators of an ADT are free if different terms always represent different data

EXERCISES : REVIEW UNIT 2

A Bool 13 ADT

data Bool13 = True3 1 False 31 Maybe3 deriving (Showr)

Example for using :Function to combine 2 values values = True valuez= False value3 = Maybe

andBool13 :: Bool13 -> BooR13 -> Bool13. andBoo13 values value 2 = False

andBool13 True3 True3 = True3 I audbool 13 valuet value 3 = Maybe.

and BooR13 False3 X = Falses

andBoall3 x False3 = False3

andBool X y = Maybe3

2 BoORIOADT -D Not exist false , True is value < 10 but O = False
.

Bool10 :: Boodlo -> Bollo -> Boollo
.

Boollo (Truelox) (Trueloy)= Truelo (min x y)

Bool 10 --- False lo



3 Nat ADT : greater, equal , even,
odd , times

, pow, fac , sub , divide , med
, mem

greater :: Nat -> Nat-> Nat. equal :: Nat -> Nat -> Bool

greater zero x = X

greater X zero = X

greater (Sucx) (Sucy) = Suc (grealer x y)

times :: Nat - Nat-> Nat add Nat-> Nat-> Nat

times Zero X = Zero add X zero = X

times (Sucy) X = add x (times y x) add X (Sucy) = Suc (add xy)

powr :: Nat -> Nat + Nat factt :: Nat -> Nat

pour X Cero = Suc Cero factt Cero = SucCero

por X (Srcy) = times (po x y) X fact (Sucx) = times Socx (fact x)

HACER DIAPOSITIVA 3
.
1 . QUEVES

REPASO :

Examen 8th November 2022
.

⑨ specification :

a) Subl :: Inte-> Inte -> Inte 6) infxr 5:/data Stach a = Es 1 a : / Istack as deriving show

sub] X z = PX infixt 5:/ data Quere a = EQu/ Quere : a deriving show.

subIX Sy = P(subPX y) Op 22 : Quere a -> stack a -> Stack a

sub I X Py = S (sub(X y) op22 (q :· x) s = X : / (op22 gs)

sub PX Py = sub (xy) op 22 q (x: /y : /s) =

y
: /(opzzqX:/S)

sub SX Sy = sub(x y) op22
--

Es

b) Valuate the following expressions

1) Op22 (EQ :· 1 :. 2 :. 3) (U : /ES) = 3. /(op22 CEQu : 1 :. 2 (4 :/ES)) = 3 :/2 :/ COP22 EQU : 1 YiES
,

3: /2 : /1 :/(0p22 EQ U :/ES) = 3 : 12 : /1 ES

2) op 22 EQu (4 : /5:/6 :/ES) = 5 : /6 :/ES

3) op22 (EQU :. 1 :. 2 :. 3) (4 :/5: /6 :/ES)= 3: /2 : /1 :/ (OPIIEQ 4:/S:/6 :/ES) = 321S6ES



2. IMPLEMENTATION : 1) No more variables than the ones declared in the templates

a) 2 efficient java methods 2) Try 1 ... 4 catch (TADVacioException ex) Nex · printstackirace() : / must be used when necessary.

3) Input in HIGH level method will remain unchanged after calling such method.

4) LOW level methods will be able to alter the content of the imput, object this inside He PD class

a) High level :

public stutic <E > Pila <ET Op 22 (Coen <E> q,
Pila <E) s)

↓ Pila <Ex S1 = (Pila <EX) s
.

Cone)) ;

Cola <Es q1 = (Cola (E)) g . Conel);

try [if) ! S1
. Esvacial) sr = 51. Desapila() :

While ( ! q1 . Es vacia())

51. Apila (q1. Cabezu ()) ;

q1 = q1 - restol) ; me lo Lengo que saber

4

& carch (TADVano Exception ex) /ex . PrintstachTrace() ; /

return s1; E
auX

b) public void op 22 (CD <e) 9)

& Nodo < Es aux = null ·p

if (Nodocabeza! null) Nocodabeza = Nodocabeza
. Siguiente

While (q.
NodoCabeza != null) I q .

aux = q- Nodocabeza. Siguiente; 1
q NodoCabeza . Siguiente = Nodolabeza:

NodoCabeza = q. NodoCabeza ;

t tis 9. NodoCabeza = aux
.

· E



Public void Desapila () throws TADVacio Exception

& if (Nodocabeza == mull) throws new TADVacioException ();

else / NodoCaheza = Nodolabeza . Siguiente ;

E

S

op 22 :: Quere a
-= Stack a

-> Stack a Lucian Op22 :: Quere a
-> Stack a -> stack a

·p22 (q:
· x) ES = X :/ES op 22 EQu Est = Est

op22 (q :· x) (y : /s) = X : /(0p22 g(y :/s) -D op 22 EQu (X :/s) = S

op 22 EQU (X : /y : /s) = y:/ (op22 EQu (X : /s) op 22 (q:· x) S = X : /0p22(qs)

op 22 --- ES

EX : op22 (EQU :. 1 :· 2 : 3) (4 :/5 : /6 :/Es) = 3 :/(0p22 (EQU :· 2 :. 2) (4 : 15/6 : /ES)) = 3 :/2 :/1:/ (0p22 EQU (4:15:/6:/ES

(3: 12 : /1 :/ 3 : /6 : / ES) (Exam solution)

Ex : op 22 (EQu =· 1 :. 2 :.3) (4: 15 : /6 : /ES) = 3 :/2 : /1 :/5 : /6 :/ ES

EXAM 2019 :

NodoCabeza -> nullat
this cafter calking construc en

if (nodoFinal = null) throws TADVacioException

else.
I do 4 nodofinal. Siguiente = new NodoCEs ( *, null

nodofrinal = nodofinal
. Siguiente

EXAM NOVEMBER 2020

2) quenexam :: Quere Int -> Quere Int

quevexam (q : · x : . y) = (q:
· y :. x)

quevexam = quevexum (EQu :. 1 :
. 2)

quevexam (EQui · 3) = quevexam (EQu :. 1 :. 2) = (EQu :. 2 :. 1)

quevexum (EQu :. 3 :. 2 :. 1) = (EQu :. 3 :. 1 :. 2)

OTHER VERSION :

quevexum :: Quere Int -> Quere Int

queexam EQu

I EQui
. 2 :. 1

grerex am EQU : -
X

quere (Equ:. X : ·y) = Equi .y : X
Necesito mas operaciones auxiliares

geneau A = (hirstg) : quenexan (restf)



b) HIGH LEVEL :

public static Cola <Integers quevexam (Colu <Integers 9)

↓ Cola
-

Dinamica <Integer sol = new Cola-
Dinamica (Integers () ;

try !

if) q- Estacia 11 q. Restoll
.
EsVacial) (

& sol
. Encola (2) ;

sol. En Cola (1): l

else) while ( ! q. Resto))
.

Restol)
. EsVacial))

↑ sol
. Encola (q . Cabeza() ;

q = q . Restol) :

Integer X :

X = q .
Cabeza () ;

9 = q . Resto() ;

sol . EnCola (q . Cabezal)) ;

sol .
En Cora (X)/ 4

1 catch (TADVacioException ex) & System .

ort
. printlu ("TAD lineal vacio") ; h

return sol;

E



DATA STRUCTURE

IST PROGRESS TEST October 30th
,

2019

1 Haskell :

data N1 = One I Next N1

data Interv1 = None Pos N1 1 Neg N1.

leqN1 :: N1 +N1 -n Bool

leqN1 One X = True

leqN1 (Next x) One = False

leqN1 (Nextx) (Nexty) = LeqN1 X y

b) legInteN1 :: InteN1 -> InteN1 -> Bool.

leqInte N1 None Pos X = True

leqInte N1 None Neg X = False

leg Inte N1 Posx PosY = LegInteNt X
y

legInteN1 Neg x Neg Y = LegInINS X y

logIntens Pos X NegY = False

legInIN1 NegX PosX = True.

c) add N1 :: N1 - > N1-b NA

add N1 One X = Next x

addN1 Next x y = Next(addNex . y)

d) addmix :: InteN1 -> N1 -> Inte N1
.

addmix None X = Pos X

add mix (Pos X) Y
= Pos (addmix x y)

addrix (Neg One) One = None

addmix (Neg One) Nextx = Pos X

addmix (Neg (Nextx) One =

Neg X

addmix (Neg(Nextx)) (Nexty) = addmix (Neg x) y



2 JAVA
Cola

92
public Pila-Dinamica (Cola-Dinamica <Exq) cab fir

& Cola
-

Dinámica JE) q1 = (Cola-Dinámica (Ex) (q . Cone() ; Pila
if (q1 . NodoCabeza ! = mel)

NodoCabeza = null;

g↑ q1 .
NodoFinal. Siguiente = new Nodo <Ex (q1 . Nodo Cabeza . Info, mull) ; Zibe e

NodoCabeza = neu NodoEy (q1. Nodo Final . Info, qu. NodoCabeza) : y

3

a) October 19 :: Cola a -- Pila a

October 19 CV = Pr

obtober 19 q : X = X : /(019 q :.x (Kabeza q:. -( : /PV)#
019 Colaa - Pila a -> Pila a

019 Cu p
= p

019 9:. xp = 019qX: /p

cabeza :: Cola a
-p a

cabeza CV :. a = a

cabeza 9. :- = cabeza A

october (CV :. 1 :. b :. 2) = 2 :/019 /(V : · 1 :. 3 :. 2) (Cabeza qu . ) /PV
-

1 :/PU

2 :/1: /3 :/2 :/1:/PV

2) public static <E> Pila < EL October 19 (Colu + Es q)

↑ Cola TEl q1 = Kolu <Es) (q.
dore();

Pila (E) p1, p2 ; p1 = new Pila-Dinámica (E)() ; P2 = new Pila-Dinamica <ESC);

if) ! q1.

Esvacia()

E

try &E first, aux; first = qh . Cabezalf; aux = first;

While (1q1 . EsVacia ()

& aux = q1 .
Cabeza () ; q1= q1 . resto (); p1. Apla (aux); I

p2. Apila (first)

While ( ! p . Estacial) / p2 . Appla(ps· tope): po= p1. Desapital); / P2
. Apelalaux) ;

satch----



EXAMENES

z November
, 2022

.

1 a) subl :: Inte-> Inte -> Inter

subIS(X) Sty) = subIX Y TsubI X Z = X

sub 1 P(x) P(y) = subIX Y

sub I X P(y) = S(Sublx y)

sub I X S(y) = p(SubIxy)

b) op 22 ( EQu :. 1 :. 2 :. 3) (u : /ES) -- 3 : /2 : /1 : / ES Quere -tuck stack

op 22 (EQu) (4:/5: /6 :/ES) -+ 3 : /6 : / ES .

op
22 (EQU :· 1 :. 2 :. 3) (4:15 : /6 : /ES) - + 3: /2:: /S: 16 :/ ES

2

a) public static <E> PilaCEL op22 (ColaCE) q , Pila (Ex s]

↑ Pila <Ex S1 = (Pela <Es) .S . Cone 1) :

Cola <Es q1 = (Cola <Es) 9 . Cone 1); 4 Para salvar lo que entra como para metro

try /

if ( ! q1. Esvacia()) SS = S1
. Desapila .

While (191. Espacial))

↳ int aux , first ;

S1. Apila(q1 . Cabeza()) ; q1 = q1. Cabeza() ;

E

↑ catch (TAD Vario Exception ex) (ex printinuau); /
return 51;

b) public void op22 (CDCE) 9) I

Nodo <EX aux = null ;

if (nodoCabeza l= null) NodoCabeza = NodoCabeza. Siguiente
-

While (q-
Nodo Cabeza ! = mull)I

aux = q . NodoCabeza. Siguiente : q.

Nodcabeza. Siguiente = NodoCabeza

NodoCabeza =

g . Nodocabeza ; q . Nodocabeza : aux , Y



26 Octubre 2021 :

1) NAND (negation of the conjunctional)

nfBooRNAND :: BoolNAND -> BoolNAND

BooRNAND Yes = Yes

rgBoolNAND Nand Yes Yes = Naud Yes Yes

nfBoolNAND Noud Yes Nund Yes Yes = Naud Yes Yes

ngBoORNAND Naud (Naud Yes Yes) Jes) = Yes

2) mix21 :

! Stack a -> Quere a -* Quere a

mix 21 (X : /s) (q : y) = (mix21 (y : /s) 9) :. X

mix 21 (X : /S) & = mix21sq

mix 21 ES & = q

a) mix2] ES CEQu :. 3 :. 4 :. 5) -> (EQU :. 3 :. 4 :. 5)

mix 21 (1 : /2 : /ES) EQ
-> EQu

mix 21 (1 : /2 : /ES) LEQU : 3) -> EQU :. 1

mix 21 (1 :/2 : /ES) (EQU =· 3 :. 4 : S) -+ EQUI = 4 : 5 : S
-

A HIGH LEVEL

public static <Es Cola <Ex mix21 (Pila <E) s ,
Cola (E) a)

↑ Pila (E) S1 = Pila (E) s
.
Cone();

Cola (E) q2
= Cola < E >

q .
donell ; sin Bude ?

9
While /if) ! s1

. Esvacia) &2 192 . Espacial) ;

1 q2 .

=

q2 . Restoc); 92 . Encola (S
. Tope(); / 1111

return q2 ; -
S

-

mul
z

b) low level :
-

public void mix21 (PD (E> 5) -

if)NodoCabeza !- null &2 s . Nodocabeza! = null -

Public Nodo <EX = new Nodo(E) aux ;

aux = NodoCabeza;

S. Nodo Cabeza. Siguiente = mull;

Nodo Final. Siguiente = s. NodoCabeza

NodoFinal = Nodotinal siguiente
NodoCabeza = Nodolabeza. siguiente;



30th October 2017

1) times (specified) nf-Inte

data Nat = zero Suc Nat data Inte = z SInte P Inte

times : Nat -> Nat-p Nat o Inte :: Inte -- Inter

fact :: Nat -> Nat absI , aux-absl :: Inte -> Nat

fact : Zero -> SucZero . absIX = aux-abs[ (nf-InkX)

fact : Suc(x) -> times (factx) (Sucx) aux-abs] :: Inte-d Nat .

aux-abs I z -d Zero
.

aux-abs I s(x) -D Suc (aux-abs X)

aux-abs I P(x) -D Suc (aux-abs X)

factabs I :: Inte -DInte.

factabsIZ = Zero

factabs [ X = aux-fact (fact (abs - EX))

aux-fact :· Nat -> Inte

aux-fact Zero = Z

aux-fact Suc(x) = S(aux-fact x)

2) public static Pila <Integer > InterRPN (Pila exp) CHIGH LEVEL

4 Dila aux = new PD);

Pila < Integers sol = new PD(Inlger)();
-

Integors X , y ,
z ;

try & While ( ! exp . Es Vacia ()

4 if (exp. Tope() instanceof Inleger (

aux
. Apila (exp . Tope))) ;

else(X = (Integer) aux . Tope C) ;

aux = aux . Desapila () ;

y = (Integers Tope ();

aux = aux . Desapila();

z = (eval(y ,
(char) exp. Topes , X) ;

aux. Apila (2) ; sol. Apila (2);

E

exp =-exp.
DesuPila();

sol .
sol . Des Avila ();

↓ carch (TAD . ---- I Sort (TAD ...

return sol;



3) NO REPEAT
.

HAS KELL :

create:· (Eq a) -D Quere a -- Quasilist a

create Eq = Eql remove :: (Eqa) -> a -> Quasilist a -n Quasilist a

create q: X = Igl x (remove x (createq) remove
- Eql = Eql

ifx = = y q
remove x (Iqly g1) = else Ige y Cremove x &1

Eq :. 1 =. 2 :. 1 :. 3

Ige 3) remove 3 (Igl 1 :. (remove 1 (Ig) 2 (remove 2 (Igl 1 remove 1 Eqt)

Igl 3 Igl 1 Igl 2 Eqe

JAVA :

public class Quasilist <Ex 4

public int longitud; Public Nodo(E) NodoCabeza;

public Quasilist (ColaDinámica <E>q)

& longetud = 0 : nodocabeza = null ; Nodo < Es aux 1 = q. NodoCabeza;

while ( aux S ! = null)

↑ Nodo (E) aux1 = aux1 . Siguiente;

white (mux2 ! = null &C /aux2 · info · equals (aux 1
. Ingo)

anx2 = aux 2 . siguiente ;

if (aux2 == nu) /longitud + + ;

NodoCabeza = New Nod <EC (aux1 . Info , NodoCabeza)i h

auxl = aux1
. Siguiente;

E

I



5t November 2018

1. Nat ADT leqN X y = X < y //addN /sobN (Sin negativos)

IN = Pos Nat 1 Neg Nat

abs :: IN -D In

abs X = X

abs Neg(x) = Pos(x)

legIN :: IN -> IN -> Book leq :: Nat -> Nat -> Bool

legIN pos(x) pos (y) = legN X y leg Zero Zero : True

leq pos (zero) neg (Zero) = True leq Zero Suc(x) = True

leq pos(x) neg (y) = False leq Suc(x) Zero = False

Reg neg(x) pos(y) = True leq Suc(x) Sucly) = LeqN X y

leq neg(x) pos(x) = leg X y

add In :: IN -> IN -> IN

add In X zero = X

add In Pos(x) Pos(y) = Pladdw x y)

add In Pos(x) Neg(y) = 1 (109 y X) : Pos (sub x y
else Neg (sub y x)

add In Neg(x) Neg(y) = Neg (add x y )

add In Neg(x) Pos(y) = if (leq y x) : Neg (sub X y)
else pos (sub y X)

2. Evaluate arithmetic expresion

public static Pila plusPN (Pila exp)

& Pila aux = new Pila)) ; Inleger X , y ;

try / while ( ! exp. Esvacia(s) /

if) exp. Topeas instauceof Integer 22 ! aux
. Espacial) &0 aux . Topel) Instance of Inlegar 20 aux . Desapila().

X = (Integer) aux
. Tope ; aux = aux

. DesApila(), Tope . equals (new't

y = (Inleger) exp. Topel); exp = exp . DesApila ();

aux = aux . DesApila : exp . Apila (X + y );

elsed aux . Apila (exp . Topes) ; exp = exp. DesApie(); h

While ( ! aux . EsVacia () &

if) aux
. Tope entausceo character) exp. Apola (" + "1);

else) exp . Apila (Aux
. Tope()); 1 aux = aux

. DesApola ; l
return expl call (TAD vacio es el/ Sort ("Empty +e) ; return expis /



3. a) lquevel [((V :. 2 : 3 :. 1) : CV : (CV :
· 3 : 4)] = equevel [[2V : · 2 : 3 :. 1) (CV :

· 3 :. 43] = : 3 : 2 : 4 : 3]

b) HIGH LEVES

public Static <EX Lista <El (quequel (Lista <Cola<E (q) throws TAD Vacio Exception

↑ Lista <Es l = New Lista <ELL;

try/ if (11 eq . Es Vacial)

↑ Cola q1 = lq . Cabezu); l = Requel (lq-Cola).;

while ( ! q1. Esvacia()

& C . Añade (q1 . Cabezu 1
.
) ; q1 = 91 .

Restoll : 4
E

return 1 : I

c) Hashel

Istackl :: [Pilaa] -> [a]

Istache [j = []

&stacke [ts : +3 = estacke t

Istackl [x:/g : t J = (stache [q]) + + (X : /estach t))

30th October 2019

a) lequ: N1 -> N1 - Boor legInteN1 :: InteN1-aInteN1-Bool

leq One Nextx = True leglutens Nore = True

leq Nextx One = False leglute Nune Neg X = False

Reg Next x Next y
= leque X y leglute N1 Neg X = True

Reglute NA Pos X -

= False

leglate we Post Pos X = leqN1 x

y

leglule Ne Negx Neg X = leqN1 y X

addN1 :: N1 -> N1 -> NA addmix :: inteN1 -> N1 -> Intent

adaN1 X One = Next X addmix None X = Pos X

adaN1 * Nexty : add Next X Y addmix Pos X y = Por addwa(X y)

addmix Neg(One) One = None

addrix Neg (One) Next x : Pos X

addmix Neg(next x) One : Ney(x)(

addmix Neg(nextx) (next y) = Addmox (neg x y)



91 . C
Final. Siguien

2) E cubezelng①11111 C
a) Haskell rules: -

siguiente
October 19 :: Cola a -> Pila a cabeza :: Cola a -> a

- p
October 19 EQu = ES -

october 19 q :. x = X : /(014 (q :. X) Cabeza (q:x)) : /Pr/cabeza EQU :. x = X
-

cabeza q :. X = cabeza (q)

019 :: Colu a d Pila a
p Pila u

A
019 EQu

P
=

P

019
q : · X p

= 019qXi/p

O
ema

octoberia (CV.0:. 3 :. 2) = 2 :/1 :/ :/2/: /Es

public static <EX PilaCEs October 19 (Cola <Es a)

↑ Cola CE) q1 = new ColaCEs (q. Conel); Pila ESP1 = new Pila-Dinámica CEL ();

PL
tryh if) ! q1. Esvania) E aux

↑ pr. Apila (q1 . Cabeza (I);

while (! q1 .
Es vacial)(

& p2 . Apila (q1 . Cabeza()); Acux = q1. Cabeza

q1 = 91 .
Restoc);

E

While ( ! P2 . Estacia ())

1 Pr . Apila (ps. Tope();

P2 = P2 . Des Apila 2) ;

&

Pe . Apila (Aux);

Scatal .. ---

return pf



1 nfB3N :: Book ThreeNat -> Bool Three Nat

nfB3N (B3N Zero Zero = B3N Zero Zero

ngB3N Suc X Zero = B3N Suc Zero Zero

nfB3N Zero Soc X = B3N Zero Suc Zero

rgB3N (B3N Soc x Sucy) = nf(B3N X y)

and B3N-> Bool -> Bool-nBool

and B3N B Zero Zero BZerolSuc zero) = Zero Suc Zero

andB3N B Zero(SucZero)
-

= B3N zero(Suc Zero)

andBIN- -
: Zero zero

and BBN SucZero Zero X = X

and BEN B3NX BANy : andB3N (nfBbNB3NX) (nfBIN BIN y)

2 a) querexam (EQui. b) = Equ : 2 :. S

genexau (EQU :. 3.
.

2 :.1) = Equ : 3 :. 1 :. 2

b) HIGH LEVEL

public static Cola >Integer querexum (Cola < Integers 9)

↑ CD <Inlegers sol = new CD <Integers();

try/if) q .
EsVacia 11 q. Resto()

.
Es Vacia)

1 soo . Encola (2) ;

sol
.

EnCola (1);

E
elsed int X

, y ;

While ( ! q1 .
RestoC). Resto () . EsVacia) Y

sol. encola (q. . Kabeza) : q= q .
Restos : l

X =
q .

Cabeza () ; q = q . Resto() ;

sol
. Encula (q . Cabeza) q = q .

Restols

sol
.

Encola (X) ; 4
catch (TAD Vario Exception exp) 4 exp sort "empty Quere" (

return sol

E



LOW LEVEL

public void quenexum()

& if /NodoCabeza =- Null 11 Nodocabeza - Siguiente == Null

& NodoFinal = new Nodo (1
,

mull);

Nodolabeza=

new Nodo (2 , Nodofenal) : I
elsel

Nodo <Es aux = NodoCabeza

while (aux. Siguiente ! = NodoFinal (

aux = aux
. Siguiente ();

Ex = aux
. Infoc) ; aux . Info = NodoFinal

. Info, NodoFinal
. Info = X &

October 16th 2021

nfBookNand :: BoolNand-n BoolNaand

nfBoolNaud yes = yes

mfBool Nond Naud yes yes : Nond yesyes

no BoolNard Naud yes (Naud yes yes) = yes

nfBoolNand (Naud (Naud yes yes) Les =

yes

ngBooRNand Noud /Noved yes yes) (Nond yes ges) : Yes

mf Bootward (Naud x y) = nfBooRNand (Nord (nfBoolward x) <BooRNand y((

② a) 1 = EQU : 3 :. 4 : S 3 (mix21 (3:/2 : / ES EQU) : 1 = = EQU :. 1

2 = EQu 4 = ( EQu ( :. 4 :. 5 :. 1

b) HIGH LEVEL

Public static (E > Cola <Es mix21 (Pila <Es, Cola <Es a)

4 ↑

Cola q2 = new Cala <E) (q · Cone();

if) ! S EsVacia 20192. Esvacia())-

q2
= q2 .

Restoll; 92 . EnCola (s
. Topel)) ; 4

return q 2;



LOW LEVEL

public vold mix11 (PDCET S)

if /Nodocabeza ! = Null &2 s . Nodocabeza ! = null

↑ Nodocabeza = Nodolabeza. Siguiente.

NodoFinal - Siguiente = new Nodo < E) (S
.

Nodocabeza, Info,
null) ;

CONSTRUCTORS

-> No returns

-D Can combine COW and HIGH level
.

- Dinámicas = LOW , interfaces = HIGH

HASKELL :

exam:: [a3 -> [a] + [a] (from constructor of the exam

Haskeell specification for JAVA CODE of trees :

part :: Arbol a -> Arbol a -> Arbol a

part Al Av = Av

part (ABr --) Av = ABrAr AV

part - CABr--) = ABr AV AV

exam : : [a] -+ [a] -+ [a] exam: [a] = [a] + [a]

exam [] 12 =lz exam2 El EL = EL

exam X : 11 12 = exam (lex :(2) exam 2 El l = l

exam 2 l
-

- (reverse es + +-

Class : reverse :· [a] -D [a]

aux :: [a] -> [a] -> [a] reverse El = EL

aux []l = l reverse (x : y : l) = Creverse (X : e) :

y

aux x = bk = aux((s)(X : (2)



Haskeell specification for JAVA CODE of trees :

part :: Arbol a -> Arbol a -> Arbol a

part Al Av = Av

part (ABr --) Av = ABrAr AV

part - CABr--) = ABr AV AV

exam : : [a] -+ [a] -+ [a] examt:: [a] = [a] + [a]

exam [] 12 =lz exam2 El EL = EL

exam X :ls 12 = exam(le X :(2) exam 2 El l = l

exam 2 l
-

- (reverse es + +-

Class : reverse :: [a] -> [a]

aux :: [a] -> [a] -> [a] reverse El = EL

aux [] e = e reverse (x : y : l) = Creverse (X : e) :

y

auX X : (h = aux((s)(X : (2)

public ABD) ArbolBinario CE) al
,

ABDCEs a2) /

if) ! as
.
Esvacios) 11 92

.

raiz !- null

↑ if (a 2
.
raiz =- null 28/1 . Es Vacio)

& this
.

raiz = New NodrArbol <Es (91 . Raiz))
,

null
, null);

Yelse if (as .
Esvacio 22 a 2

.
raiz ! = null

↑ this
.

raiz = New NodArbol CEL (a2
.

raiz
. Info ,

mull
, null);

elseh

if (a2
.

raiz . Info - CompareTo (a1 . Raiz()) > 0

this
. raiz = new NodoArbol (E) (a 1

.
Roviz()

,
mull

,
a 2

.

raiz
. Inf) ;

else if (a2
.

raiz . Inglo . Compareto (as . Raiz()) < 0 (
-

This
.
raiz = new NodoArbol <Es (91. Raiz)) ,

al. raiz . Info,
mull) ; y

3 Que elCompareto) de menor queo

E Significa que el objeto this utilizado es menor

else) this. raiz-null; que el encontrado en los parentesis .

&

catch (TAD Vacio Exception exp) &exp . prmkStactTrace ()/
9



JAVA EXERCISE

If both have a root : the ArbodBinarco = new root ; and if ABDC it will be left else right

HASSKELL

dataArbol a = Ar AB a (Arbol a) (Arbol a)

belong :: (Ord a) + a -> Arbol a + Bool
.

belong X AV = False

belong x (A vid) = if (x = = 1 = True

X <v = belongs x i

1X > r = belongs xd

3 3

1 6
I 6

5 9
V 9

lAB 3 (AB 1 AV Av) (AB 6 AV(AB 1 ArAN)
8

mimax :: (Ord a) -> Arbol a
-> Arbol a

mimax AV = AV

mimax (AB r i a) = AB r (aux True i)(aux False e)

aux :1 Bool -> Arbol a
-> Arbol a

aux
- AV = AV public boolean mg/boolean mi][]]

au X True CABrid) =

AB ~ (aux Tre i) A X 13 C

E n - 1

aux False (ABri d) = AB ~ Ar Caux False d)

EXAMENDE : Nodos , Adyacencias , numnodos -> ITERATIONn-1

GRAPHS JAVA : -D LON LEVEL ADYACENCIA
.

· 416H LEVEL-D Nodos(); Lista <Es adyacentes

METHOD PROPOSED WITH GRAPH will be something like -> (Constructur) public ENDE (ListaCEs q)44



SCO -8GESS S
2. SPECIFICATION :

a) dec22 :: Grafo 1 a
-> Grafo & a

i) dec22 (Nodo 1 (Arco 1 1 GVanio)) -> deczz /Arco 11 (Nodo 1 Gracio)) = dec22 (Nodo ACV)

= Nodo (1 GVacia)

ii) dec22 (Nodo 1 (Arco 2 1 (Nodo 2 GVanb))> dec22 (Arco 2 1 (Nodo 1 (Nodo 2 GV))) =

dec22 Nodo1 (Nodo 2 GV)) = Arco 1 2 (Nodo 2 (dec22 (Nodo 1 6 V)
Arco 1 2 (Nodo 2 INodo 1 GV))

* G

ii) dec22 (Nodo A (Arco (Arco 2 3 (Nodo 2 (Arco 32 (Nodo 3 (v())))) ->

Y z G

dec 22 (Arco 1 2 (Nodo 1 Arca)..... )) ->

-

G

dec22 (Nodo 1 (Arco
dec 22 (Arco 2 3 /Nods 1 (Nodo 2 (Arco 3 2 (Nodo 3 GV((())

nec 22 (Nodo & (Nodo 2 (Arco 32 (Nodo 3 Gril =

- -
X

Y g
Arco 1 2 (Nodo 2 (dec2(Nodo 1 (Arco3 2 (Nodresr

-

Arco 1 2 (Nodo 2 (dec22 (Arco 3 2 (Nodo 1 (Nodo 3 GV)) g
Y &

Arco 1 2 /Nodo 2 (dez 22 (Nodo 1 (Nodo 3 GV)))

Arco 1 2 (Nodo 2 /Arco 1 3 (Nodo 3 (Nodo 1 6V)

b) mimax :: Arbor a
-> Grafos a

3
6

1 6 3 9

5 9 I

8

mimax AV = GV

mimax (AB X i d) =
aux False x & (mimax True Xi (Nodo x (V)

aux :: Bool -> a
-> Arbol a

-> Grafola -> Grafols

aux --Avg =

g V
No debería ser y ?

aux True x (ABy i -) g
= mimax True x i /Arco x

y
(Nodo

y g)
aux False x (ABy-d) g

= mimax False X d (Arco X

y (Nodo y g)

DUDA



-

d
X 1

mimax (AB 3 (AB 1 AV AV) (AB 6 (ABS AV AV) (AB 9 (AB8 AV AVJAV))) ->

G

aux false 3(AB JCABS Ar AV) (AB 9 /AB8 AV AUJAVIII Caux 3 /AB 1 AW AV (Nodos n
X Y i a ~

aux False 3 (AB 9 /AB8 AU AV) AVL Arco (36 (Nodo 6 /aux 31AB 1 AV Av (Nodo 3 GV)))) ~

aux False 3 AV (Arco 3 9 (Nod 9 (Arcol36/Nodo Glauxie3LAB 1 Av Av (Nodo 3 CV))

Arco (3 a (Nodo 9 (Arco 3 6 /Nodo 6 /aux True 3 AV(Arco 3 1/Nodo 1 (Nodo 3 GVI)

Arco (39 (Nodo 9 (Arco 3 6)Nodo G(Arco 3 1 (Nodo 1 (Nodo 3 GV)()J

EXAMEN HASKELL -D NO GRAPHS

1
La NO GENERAL TREES COMPLETE : Holes in last

DIFFERENCE BETWEEN COMPLETE AND FULCY COMPLETE level

FULLY COMPLETE : No holes
.

MANDATORY ITERATIVE

EXAN 2022

⑧ left : 2 . i + 1

GNDE

" 2

right : 2 . i + 1

T

3
NomNodos = 4 (example)Fullyel

e
n

- 1 preorder ( from left to right)
2 complete [3 1

, 6 ,
2]S

↑ n
=

nodosvarietyh fulle
en in order

[0
, 1

,
2 , 3]

↑
-

public GNDE (Integer n)

& Adyacencias = new boolean [MAX
- NODOS] [MAX- NODOS] :

Nodos = new NodoGrafo [MAX
-

NODOS) ; numnodos = 0;

1Complete .



OTHER

3

a) [ 1
,

3 ,
5

,
7

,
9]

1 7

5 9

testAVL :: (Arbol a) -- Boot

testAVI AV = True

testAVL (AB via)= ifabs (heigh i) - (heigh a)) > 1 then Fulse A
/ &

else (test AVL i) & (test AUL d)

41S ⑮
EXAM December 13th 2022. sulz = T [6

,
1

, 03

a) ArbolBinario. Input - complete tree · 1 whole

public static CEC Lista <Integery hole (ArbolBinario <Es + ) left= 0 Right = 1.

& Integer 1
, r ; Lista <Integers sol, left , right ; sol-new LD > ();

if(t . EsVacio) sol .
Añade(0);

else try /left = hob/t.sub Arbal Izqdo(), right = hole/t.subArbolDcho(); PREGUNTA
l = left . Cabeza() ; v = right . Cabeza();

if (1 < r)) ! sol = left . Coloc) ; sol. Añade (0) : /

else if (1)V) / solzright. Cola); sol. Añade (1): 4

sol. Añade (1+ r + 1)

b) ITERATIVE CONSTRUCTOR

public GNDE (Arbol Binario <EL t)
&

tryh) while (!t .
Es Vacio)

& this.
.

Raiz() =



PRACTICES :

~CNDE We only work with adyacency matrix -> FLOYDS ALGORITHM

↑ No arrow =

No weighted S

Cadyacenge boolenn) 2
T

3 - g 1 2 3 4 s6

No directed
O

m

8
7

-

2

adj
O I

O
2 8 I

5

-

3

I
Weighted

GRAPN Mejor power 0 en

fDirected 3 5 I I Fo la diagonal.(symetrical adj)matrix
1 To(Integers in adjuncency)

O
5 I

path weigth
6 To * always arrow with

-> To go from 0 to 2 : 50
,

23 -> 8 a nodo and itself

[0,
1

,
2) -> 2 + 3 = 5 Integer E = Integer .

MAX
_

VALUE -o 2

- 2
best path Is

CONEST WEIGHT adj best path
HIGHEST WEIGHT

O 5 LOVVES

WEIGHT
.

path - [0,
1

, 2]
8 []

[0
, 2]

matrix of
lists of
paths.

epc :: Arbol a
-> Int

.

epc AV = 0

lpc AB
-

AV AV = 1

lpc CAB
-

i AV) = - 1

(pc (AB
- Avd) = - 1

epc (AB -
i d) = if ((pci) = = - 1) ()((pcd) = = - 1) then =

- 1

ese (lpc i) + (1pca)

lpc:: Arbol a
- > Int aux :: Int -> Int Int

lpc AV = 0 aux li la = if (li = = (-1))()((d ==( 1))=

lpc (AB
-

id) = aux(lpi) (lpcd) else li + Id
.



SEARCH
b) ITERATIVE -O

INDE/ TREE mimax

public GNDE (Arbol Binario (Es t) ITERATIVE - methods of Arbol Binario . adjacencias
& Adyacencias = new boolean [MAX- NODOS][MAX-NODOS];

Crea Nodos = neu NodoGrafo[MAX-NODOS];

012345

O

numNodos = 0 ; ArbolBinario <Es aux ;
&

if)! + . EsVacio(s) 2

3

try() Nodos TO] = new NodoGrafo (t . Raiz() , false) ;
4

numnodos ++; aux = t
. SubArbolIzqdoC); 5

While (laux
. EsVacioC))

& Nodos [numnodos] = new NodoGrafo Caux
.

Ruiz , false);

Adyacencias [numNodos] [numnodos-1) = Adyacencias [numnodos-1] [mumnodos] = trueDe
4

numnodos ++; aux = aux
. SubArborizado ();

if ( ! t . SubArbol Pcho()
.

Estacio (1)

& Nodos [numnodos] =
new NodoGrofo (t

.
SubArbDchol)

.
Ruiz ()

, false);

IMPORTANT Adyacencias [numnodos][0] = Adyacencias [0] [numnodos] = true;

numnodos ++; aux = t . SubArbolDchol) . SubArbolDcho();

While ( ! aux
.

EsVacio ()

& Nodos [numnodos] = new NodoGrafo <aux
.

Raiz))
, false);

Adyacencias [numnodos][numnodos-1] = Adyacencas [numnodos-1) [numnodos] = true;

numnodos + +; aux = aux . SubArbolDchoC);

3

S

catch(TAD Vacio Exception ex) /ex. printStackTrace();/



30th November 2021
.

1) No Graphs and no general trees.

2) public GNDE (Integar n)

& Adyacencias =
new boolean [MAX-NODOS][MAX-NODOS];

Nodos = new NoduGrafo [MAX
- NODOS] ; numnodos = 0;

for (i = 0; icn ; i + + )

[ Nodos[i] = new NodoGrafo (i , false)]

fa(i = 0j icn; i + + )

↓ if (i * 2 + 1 < n) Adyacencias [i] [i* 2 + 1 = Adyacencias [2* i + 1][i) = true;

else if) i * 2 + 2 <n) Adyacencias [i][i * 2+ 2) = Adyacencias [2* i + 2][i) = true;

else break;

3

3

17th December 2020

My public Lista
-

Dinamica Es Fromlevel (int le

& int counter-level = 1 ; aux . 17 = new ArbolDinámicos ; auxz = new Arbol Dinamico(); sol-new ListaDinamical);

ITERATIVE if ( counter-level = level)

( sol
.
Añade (this

. Raiz() ; 4

try/while (this . Estacio());

& counter-level + +; aux = this
.
SubArbolIzqdoC) : aux2 = this

.
SubArbolDchoC);

if (counter-level = level)

& sol
.
Añade (aux. Raiz))) ; sol

.
Añade (aux2

. Raiz());]

3

return sol 3

public Lista- Dinamica <E) From Level (int level)

& Lista
- Dinamica (EX sol = new Lista-Dinamica ();

Hist if) ! Es Vario ()
sohr

RECURSIVEStryS
Lista

-
Dinamica aux = (CArbolBanario Dinamio (Es) SubArbolDcho()) .

From level (level-11) ;

if (level = 1) sol . Añade (Ruiz);

sol=(CArbol Binario Dmamico < Es) SubArbolIzquo()) .
From Level (level-1));

sol . Concalena (aux);

3 catch (TAD VacioException exp) & exp. printStuch Trace();

return sol;
&



public GNDE (ArbolBinario <Es +)

& Adyacencias = new boolean [MAX
-

NODOSJIMAX
_

NODOS] ; Nodos= new NodoGrafo [MAX-NODOS] ; numnodos = o;

if ( ! t. Esvacia)

try / Nodos [0] = new NodoGrafo (t .
Raiz)), false) ; numnodos = 1 ;

aux20(t. SubArbolIzqdo,
0) ; aux2(t . SubArbalDoho , O);

J catch (TADVacioException exp) / System .... (exp)(

3

private void aux20 (ArbolBinario <Est
,

int fat)
& if (It . Estacio)

try/Nodos [numnodos] = new NodoGrafo (t
. Raiz ()

, false);

Adyacenuas [numnodos][fat] = Adyacenaas [ fat][ num nodos] = true;

fat= numnodos ; numnodos ++;

aux 20 (t. SubArbolIzqdoll fat) : aux (SubArbolDcho()
, fat) ;

3 cutch TAD Vario Exception exp) / System .... (exp); /

27th November 2019.

lemleaf :: Arbold a
-> Int rimolead :: Arbol6 a

-> Int

lemleaf AGV = 0 rimoteat AGV = (

lemleuf AG
= [3 = 1 rumofeaf AG rIJ = 1

lemleaf A6-Ei] = 1+ lemoleaf t rimoleaf A6 - [gj
= 1 + rimoleaf g

vimoleaf AG r [ -: +3 =

rimoleaf (AG ++)
alleaves :· Arbold -> Bool

alleaves AGV = True

alleaves AGr [J = True

alleaves g
= auxal (lemoleaf g) g

auxal Int-Arbol6 a
-> Bool

auxal n AG_ [] = if n = = 1 -> True else False

auxal n Ag - [gT = auxal (n-1) g

auxal n Agr (git) = [auxal (n-1) g] &2 [auxal n/Agr +)]



public static Integer Minimum (ArbolBinario <Integer > +) throws TADVEXP

& if ( ! t
. Esvaco()

try/ if (t . SubArbolzzado - EsVacio)) raturn t
.
Raizs,

else return minimu/t . Subarblitzqdo(s);

3

public void replaceroot (NodoArbol (Integers +, Integer y) throws IllegalArgumentException

↑ try(if) n .
iz ! = mull 20 (y 1 = (Integer) (maximul (new ArbolBinarioDinamico (n

. iz)))
y . compareto (maximum (new Arbol Binario Dinamico (n. iz)))) = 0

throw new IllegulArgument Exception();

if (n
. de ! = null 20 (y= (Integer)(minimum (new ArbolBinario Dinamico (n

. de()))
y. Compareto (minimum (new ArbolBinario Dinamico (n. de)))) c = 0throo new Illegal Argument Exception ();

Celse) n
.

valor =

y ;

3 catch (TADraci Exception exp) / Sys ... (exp)
4

public void replace (Inleger X , Integer y) throws IllegalArgument Exception

↓ if (raiz =- null) throw new Illegal ArgumentException;

else ! NodoArbol <Es n ; n = raiz ;

While In !" null 2 X ! = (Integer) (n
. valor))

[ if (X < (Integer) (n
. valor)

if (y = = (Integer) (n
. valor)

throw new Illegal argen...

else n = n . iz ;

else if (y = (Integer) (n . valor)

throws new IllegalArgunem ...

else

n = n . de;

3

if (n == well) throw new Illegal Argument...

else replacerroot(NodoArbol < Integers n , y) ;
&

S



SO ODOS S
HASSKELL

mimax :: (Ord a) -> Arbol a
-> Arbol a

mimax AV = AV

mimax (AB r i d) = AB r (aux True i)(aux False e)

aux :1 Bool -> Arbol a
-> Arbol a

aux
- AV = AV

au X True CABrid) =

AB ~ (aux Tre i) A

aux False (ABri d) = AB ~ Ar Caux False d)

mimax : " COrd a) Arbol a -D Arbol a

mimax AV = AV

mimax ABr AV Av = AB r

mimax ABri d = ABr(aux irre i) Caux false d)
aux :: Bool-Arbol a

-> Arbol u

aux-AV = Av

aux True ABri d = ABr(aux True 1) AU

aux False ABri d = ABr Av Caux False d)



NOVEMBER 30th 2021
.

1) public static < Ex ArbolBinario <EC prone (Lista ag)

& ArbolBinario <E <sol = new ABDCEs ();

if( ! ag. Espacial [IY
,

[J
,

[3
,

[J
,
[3]

-
try &ArbolBinaria <Es left = new ABD <Es ();

right = new ABD < ESC); E root = (E) ag. Cabeza (); ag = ag .Cola ();

While (lag. Estacio 22/ag.Cola () .
Esvacial) &0 /ag.Coru) .

Cora) . Esvacia ())

& ag
=

ag. Cola ();

if (lag. Estacial

& left=

prone ((lista) ag. Cabeza ()) ; ag
= ag . Cola ();

if ( ! ag. Es Vacia) right = prune ((lista) ag. Cabeza ()) ; Y

sol-new ABD EC (root, left, right) ;

3 catch (TAD VacioException exp) / Sout (expli

return sol,

b) public ENDE (Integer n)

& Adyacencias = new boolean [MAX
_

NODOS] [MAX
-

NODOS] ;

Nodos = new NodoGrafo [MAX-NODOS] ; numnodos = 0 ; Integer i ; numnodos = n;

for (i = 0; i) n ; i + + ) No os[i) = new NodoGrafo (i , false)

for (i= 0; ic= n; i + + )

if(i * 2 + 1 < n) Adyacencias [i][i # 2 +1) = Adyacencias [i 2 + 1) [i) = True ; else break ;

if (i * 2 + 2 (n) Adyacencias [i]Ti* 2 + 13 = Adyacencias [i* 2 + 2][i] = True
·

else break;

4

S



December 13th
,

2022

mimax :: Arbol a -> Arbol a

mimax AV = AV

mimax AB r i d = ABr (aux True i) (aux False d)

aux :: Bool -> Arbol a -> Arbol a

aux-AV = Av

aux True (ABrid) = ABw Caux True i) Av

aux False (ABrid) = ABr AV Caux False d)

2. IMPLEMENTATION

public static JE > Lista <Integers hole (ArbolBinario < Es +)

& Integer 1
, v : Lista <Integer> sol , left, right ; sol = new LD ();

if) t
. EsVacio() sol

.
Añade (0) ;

elsa

& try &left = hole (t . SubArbolIzqdo() ;

right = hole (t . SubArbolDcho();

l = left . Cabeza(); r = right. Cabezal);

if (1 < v) I sol = left . Colus) ; sol
.
Anade (0) ; 3

if (1) v) I sol-right. Colu () ; sol
.

Añade (1) ; 3

sol
.

Aviude (1 + r + 1);

4 catch (TAD ... Y

Return sol;

3

public GNDE (ArbolBinario (Es t) if) ! t
. SubArbolDcho - Es Vacio(s)

& Adyacencias =
new boolem [MAX

- NODOSJIMAX- NODOSI,
I Nodos.Enumnodos] =

new NodoGrafo (t.
Sub

. Ra, false) ;

t
Nodos = new Nodofrafo [MAX

-
NODOST : numnodos = 0 ;

& Adyacencias JOT [mum...
J = Adyacencias [num...

3502 = true;

ArbolBinario <Es aux ; / numnodos ++; aux = t
.SubDcho)

.
SubDcho();

if) ! t. Esvacco) 1 while ( ! aux . Estacio
-

↑ NodOSTO] = new NedoGrafo (t
. Ruiz)) , false); numnodos + +; / Godostrumnodos) = new Nodograf (aux

. Ruiz
, falsel ;

Adyacencias [rumnodos J[numnodos-1] = Adyacencias [numnodos-13 [ numnodosi = true;

aux = t
. SubArbolIzqdoC); aux = aux . SubArbalIzquo.1);

numuodos ++,

I catch (VA)
While (1aux. Estacio(s)

- Y
& Nodos [numnodos] = new NodoGrafs (aux . Ruiz ()

, false);
2

&

Adyacencias [rumnodos JInumnodos-1] = Adyacencias [numnodos-13 [ numnodos] = frue; numnodos + +

I
aux = aux . SubArbalIzquo.1); &

Y



December 18th 2020
3

2).
& 2

1 7

public Lista -
Dinamica <EC Fromlevel (int level) -2

↓ Lista- Dinamica <Es sol- new Lista Dinamaica <El C) ;

5 9

if) ! Esvacio)

& try/List-Dinamica (E) aux = ()ArbolBinarco) (SubArbolDch .

From Level (level-1) ;

if (level = 1) aux .
Añade (Raiz () ;

Sol = (Arbolbinario) Subarbolizado .
From level (level - 1)

sol .
Concatena (aux);

& catch (TADVacio Exception) Me . printstachTrace( : 4

return sol;

6) public GNDE (ArbolBinario <Est)

& Adyacencias
=

new boolean[MAX
-

NODOS][MAX- NODOS] ;

Nodos = new NodoGrafo [MAX
- NODOS] ; numnodos = o ;

if) ! t . Esvacio)

1 try1 Nodos[0] = new NodoGrafo (t . Raizil , false); numnodos+ +/

While (It. EsVacio)

aux (t
. SubArbolIzquo , 0) i aux (t. SubArbolDcho , o );

9
catch (TAD Vacro Exception exp) (sort (exp) h

private void aux (ArbolBinario <Est, int fat)

3 While (1t .
Es Vario)

↑ tryl Nodos [nmo) = new Nodocrafe (t. Ruizk
, false) ;

Adyacencias [fat JImmnodos] = Adyacencias [numnodos , fat];

fat = numnodos; numnodos + +j

aux 20/t
. SubArboltzqd(), fat) ; aux 20 (SubArbal Dcho2), gat) ;

& catch /TAD Vacio Exception exp) (Sout (expl))
&
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public static Integer minimum (ArbolBinario <Integers t) throws TADVacio Exception

& try / while ( ! t . Estacio

ITERATIVE 1 t . SubArboRIzquo)) ; 4

& catch (TAD VacioException exp) [ Sort (eap)/

return t
. Raiz);

poblis static Integer minumum (ArbolBinario (Integers t) throws TADVacio Exceptionrecurse
O& if (t . SubArbolIzquierdo() .

Estacio))) return t
.
Raiz;

-
else return minimum/t . SubArbolIzqdo()) ; G G

S / ↓ loO O

public void replaceroot (NodoArbol <Integer > n
, Integer y) throws IlleyalArgument Exception

& if) n = = null) throw IllegalArgumentException ;

else if (n 1) nide < =

y 11 y = = n) throw IllegalArgumentException .

comprueba muximos

esse y = (Integr) (maximum)(new ArbelBinario Dinamico (n
. iz)()

-

↑ n valor =

y 4 catch TAD
...) y

= (Inleger) (manumum (new ArbolBinario Dinamico (n . delll

public void repeace (Integer X
, Integer y) throws IllegaArgument Exception.

I if (raiz-mull) throw Ill
--Arg ....,

else /nodoArbal(E) n i n= vaiz;

While (n != null 20 X ! = (Integer) n . valor)

↳ if(x)(Integer) n . valor

if (yc = (Inleger) no valor) throw Illegen ...

else n = n
. itj

else
&

if (y < =(Integer nvaler) Goo Llegal....,
else n = n. de ;

& if (n = me ) throw
...

else replace root (n , y)



public GNDE (ArbolBinario Es t) l

Adyacencias = new boolean [M- NJIM. NJ / Nodos = new NodoGrafoIM-NJ;

numnodos = O ;

if(!t - Esvacio ()

↑ try & Nodos[0] = new NodoGrafo (t.
Raiz (), false) ; numnodos = 1 ;

aux /t . SubArbolIzqdo , o); aux (t. Sub ArbolDcho
, 0);

4 cutch----

privateroud aux /ArbolBinaria Est, Integer i)

& i ( ! t . Esvacio)
Nodos [numnodos] = new NodoGrafo (t . Raiz()

, false);
& try & Adyacencias [numnodos][fath = Ady ifat] trumnodos] = true ;

fat = numnodos ; mumnodos ++;

juz
aux 20 (t.SubArborIzq(faux H

.
Subarbolacho ());

& catch ( ... )

ITERATIVE

public GNDE (Integer n)

& Ady
= new bod [MNJLMNJ; Nodos = new Nodobrafo [MN]; numnodos =0 ; Integar i ,

for (i = 0 ; i < n ; i + + ) Nodos [i] = new Nods) i
, false) ; 1j

for (1= 0 ; in ; i ++ )

1 A



8 [6 ,
1 , 0]

public static CEC Lista <Integers hole (ArbolBinario <Es H)
O &

& Integer 1. r ; Lista <Integer sol , left, right ; sol-new LD);
o ' &

if(IEstan)try/ left = holed to SubArbolIzqdo); right = (t. SubArbolDcho); Est
l= (Integer) left . Cabeza () ; v = (Integer) right . Cabezall; right
if (1 < r) ( sol = left .

Cold (1; Sol. Anude (0) ; 4

if (1> r) / sol = right. Coluc) ; Sol . Anade (0) ; I

sol . Añade (2 + r + 1) ;

↓ catch (TAD... ) 44

9

else if(t . Esvano) sol. anude(O) ;

&

return sul:

public GNDE (ArbolBinario <Est)

& Nodos = new NodoGrafo [MNJ ; Adyacencias = new boolean [MNJ[MN] ; numnodos = 0 ; ArbolBinaria <Es aux ;

if ( ! t . Esvacio)

( try/ NodosTrumnodos] = new NodoGrafa (t . Raiz () , false) ;

numnodos ++; aux = t - Subarbol Izqclocs;

While (1aux .
Estacio ()

& Nodos[numnodos] = new Nodobrafo (aux . Raiz1)
, false);

Adyacencias [numnodos] [numnodos-1] = Adyacencias [numnodos-1] [ numnodos] = true ;

numnodos ++; aux = aux .
SubArbol IzqdoC);

3

if ( ! t.
SubArbalDcho .EsVacio)

[



hola :· Arbol a -> Bool

hola Av = False

hola AB =
AV AV = True

hola AB
= AV d = True 22 hola d

hola AB =
i AV = True 22 hol i

otro :: Arbol a -> AVL aux :: Arbol a -> Arbal a
-> int

otro AV = AV aux Av Av = 0

otro AB
-

AV AV = aux AB r

aux AB

①
/ ⑤②
/ &

⑨



((3
public static Lista < ABD >Integer insert (ABDCIntegers X

,
Lista < #BD <Integer y) throws TADVacio Exception

ArbolBinaric aux = new ABD Integers () ;

[ tryd if /
y . Esvacuacs) y . Añade(x);

else if)X . Ruiz) < = y . Cabeza)) . Raiz1) y .
Añade (x) ;

else(ABD > Integer a ;

c =

y . Cabeza ();

y =

y . Cola();

y
= insert (x

, y) ; y . Añade(c); ]
return y ;

3

public static ABD > Integers huffman Tree (Lista < ABD > Integer al

sol = new ABDC);

& tryh if (a. Esvacia) return sol ; 4
else if (a

. Colu. EsVanu() sol = n . Cabeza ()i a = a Colal);

clse / While (a. Cola () . Estacia())

E

ABD aux
= new ABD /n.

Cabeza() . Raiz)) + a
. Colu)

. Cabezal).
Ruiz))

,
a .

Cabezal) ,
a. Cola

. Cabeza) ;

a = a . Cola() . Cola();

a = insert (aux , a);

E

Sal = a
. Cabezall;

E catch ...

return sol;

E



x
. C

-

C
FLOYDS ALGORITHM :

public static Lista <Integer) [JIJ Floyd (intIJTJ adj)

& Lista (Integer> [JIJ path = new (DI ady · length] [adj-length];

if)I adj. length ! = 0)

for (i = 0 ; i < path . length; i + + )

for (j= 0 ; j < path . length ; j+ +)

path [i JIj] = new LD <> ();

if (i ! = j) &2 (adjtic[j] != inleger - MAX-VALUE)

↑ path [i][]] . Añade (i); path [i] [ j] . Añade (j) ; 199

1 FLOYD ALCORITUM

for >h = 0; u) path . length ; n + +)

for /i = 0; is path. length; i + + )

forlj = 0 > j < path . length; j+ +)

if (adj[i][n] ! = Integer.
MAX

_ VALUE) : 20 (adj[k][j] !

= Integer- MAX
-

VALUE) 22 (adj[i] [k) +

adj[k][j] < adjti,
tryl

adjlit[j] = adj[i][k] + adjIn][j] ;

path[i][j]
= (LD (Inleyers) pathTiJIKT . clore();

path [i JEj] · Comentena (path [j][k] · Cola();

& cutch /TADV---expsort(expl

public static Lista <Integer > cycle (entIJ[] adj)

int inf = Integer. MAX-VALUE , minweight = Integer . MAX-VALUE
,

n = adj· length ,
i = 0 , j = 0

, k =0;

Lista <Integers sol = new LD < Integer > ();

Lista <Inleger > [JIJ path = Floyd (adj) i
-

for (i = 0 ; i(n ; i + + )

for (j = 0 ; jcn = j + + )

if (i) = j 22 adj[i)[j] ! = inf 20 adjtj][i] ! = inf &0 (adjtib[j] + adjEj]ti] < minweight)

minweight = adjtistje + adjljJTi);

sol = (Lista<Integers) (path [i][j] ·
Colacs · Cone());

sol . Concatena (path [j][i]. Colail

return sal;



-C
20th December 2023

2) ((12 % 5) * 3) in polish notation :
+ 2( * ( % 125) 3) = + 2 x % 1253

Pisas = new PDI) ; s . Apila (3) : s. Apila (5) ; S
. Apren (12): S. Apila (" % ") ; S . Apila (" * "); S . Apila (2); S . Apreal" + ");

public static Double Prvalue (Pila exp)

& Pila aux = new PDC) ; Double X . y ; String op ;

tryl while (exp . EsVacia()

& if( exp. Tope instance Of Char) Aux
. Apila (exp . Tope());

else of (exp. Tope () instance Of Double' 20 aux . Tope() Instance Of Double)

& X = aux
. Topes; y = eXp . Topel); anx = aux . Desapituls; (op = aux. Tope() ;)

aux . Apela (eval) X
, (op, y) ;

estring)
3

aux . Tope()

else I aux . Apila (Exp . Tope () : l
aux . Apila(exp Tome
exp = exp . DesApila 2);

& catch (TADVacio Exception) <Syste - --
return (Double) exp . Tope();

4

2

* * 12

% % % 010 % 2

12 * #2 A 12 * * * *

5 525252522 2 2 2

3 + 3 + 3 + 3 + 3 + 3 + 3 t 6 + Z

exp auX

2. [Huffman trees]

public static int percent (ArbolBinario <Integers +, Lista <Integers 1)

& Integer p = -1 ; ArbolBinario <Integers aux = new ABDC) ;

if (!t . Estaciol)

try4 if(l. EsVacia()

if(t . SubArbolDcho 1)
. EsVaciol)) p

= t . Raiz); Y

else if (1. Cubeza() = = 0) p = percent) t. SubArbolIzqd 1)
,

C. Cola() ;

else p
= percent (t .

SubArbalDcho() , l . Cola());

Scatch. --

return p,



public static Lista <Integers cycle (intISl] adj)
↓ int inf = Integer . MAX-VALUE , minweight = Integer . MAX-VALVE , n = adj -length ,

i = 0
, j = 0 , k =0 ;

Lista c Integers sol = new (D < Integers ()

Lista<Integer [J[] path = Floyd (adj) ;

for (inti = 0 ; i < n ; i + +)

& for(j = 0j j(n ; j + + )

if (i! = j &0 adjti][]] ! = inf 20 adjlj]tic ! = inf 20 jti][j] + adj[j][i] < minweight)

& monweight= adjtiT[j] + adjIj][i] ; sol = (Lista (Inteyers) (pathiJIj] ·
CoRaC)

. Corec)):

sol. Concatena (path [j][i). Cola () il

return sol;

E

FLOYD'S

public static entIJ[] transform (intIJI] c)

↑ int i
, j ,

k ; int inf = Integer . MAX-
VALUE, minweight = Inheger-MAX-VALUE ; n = adj-length;

unt [J5] adj = new int [c . length]tc. length] ; int weight = 1;

far (i = 0 ; i <c. length ; i + + >

for (j = 0 ; jcc. length; j+ + )

k = c [i] [j];

if (i = = j 11 k ! = j &2 ci][n] = = &2 ctubtjj = = j)

adj[i][j] = - 1,

else adjti][j] = weight ++;

public static int penultimate (iut [bt]c
,
inti

, intj)

ent sal;

if (i = = j) sol = -1;

else if(c[i3tj] = = - 1) sol = -1 ;

else if) <[i < [j) = = j) solzi .

else return penultimate (c , <[i]tj] , j) ;



15th December 2021 :

1) [Reverse Polish Notation I

public static Pila Partial RPN (Pila exp , inti)

Dila aux = new PD; Double x , y ; int counter;

trys while (1exp . Espacial)) 20 < i > 0)

if (exp. Tope() instance of Double) aux . Apila( exp. Tope ()) :

else(X = (Double) aux . Tope() ; aux = aux. DesApil();

y= (Double) aux . Topels ; aux = aux . DesApila ();

aux . Apola (eval(X , (string) exp. Topess , y), i --

exp = exp. Destpila ();

& While ( ! aux . EsVacia()

& exp . Aprea (aux. Tope()) ; aux = aux . DesApila() ;

s return exp.

heigh
2) combust :: Int -> Arbol Floal intich < 10

public static ArbolBinario < Floats combuge (int h)

& return auxch (h , new Float (100) , 1);

4

public static ArbolBinario Float auxchr (ent level
, float perc,

int ascii)

& ABD < Float > out = new ABD < Float > () ;

if) level < 2) ( out = new ABD < Flat) (perc, auxch (level - 1
, perc/2 ,

ascic* 2) ,
auxch(level - 1

, pers

ascit

else out = new ABD <Floats (perc ,
new ABDCFront> (new Flat (ascii)

,
new ABD < Float > ()

,
new ABD

<Flaat>

& return out. new ABD],
<Flunt)

3) public static intIJI] transform (intIJt] c)



HUFFMAN TREE

fix21 :: ArbolFlat -> Arbol Float

fix 21 Av = Av

fix 21 AB
-

n Av = AB 100 n Av

fix 21 ABp(AB -nAv) (AB-mA = ABp (P/2 nAv) (AB (P(2) m Ar)

fix 21 (AB p(AB - nAv)(ABrad) = AB p(p-r nAV) faZI(AB wi a)

fix 21 (AB p(ABria)(AB-nAVl = AB p fixZI(ABrid) (AB p-wn Al

fix 21 AB r i d = AB + frazl i fix21d

219 :: Arbol int

219 AB.

public static Integer RPNmaxbasic (Pla exp)( PDcux = new PDC(); Double x
, y ;

& if ( ! exp. EsVacia(l)

try h while ( ! exp. Vacial)

X = exp. Tope() : exp = exp. DesaPila();

if) x instance of Double 22 (exp. Esvacial) &2 exp . Desapila .Tope instanceOf Character)

z = eval(X
, exp. Desapola) . Topec) , exp . Tope ());

exp = exp . DesApread · Desapital; if (z) max) max : z i
0 0

HUFFMAN Ed
public static Arbolbinario ( Integer > Mirror) ArbolBinaria <Integers h)

↑ Arbolbinario Integer s ; el9 :: Arbol a
-> Arbol a

tryh if(h . SubtrbolDcho .
Estacio (3) 219 AV = Av

S = (ArbolBinarco <Integars) h
. donel; e 19 AB r i d = Mirror AB

else S = new ABD /Integers /h. RaizC) , mirror (h .
SubArbolDcho() · Cores)Mirror: Arbol Int -> Arbol Int

Mirror AB(r x AV) : ABrx Av

mirror AB(r i d) = ABr Mirrord

mirror :



path 1 arc = j
2

34 5 , aras = 1 internade

Y -

3) public static PilucIntegers internodes (intIJI]@
2

- I

3 -I

& Pila <Integer > sol = new PD < Integer > (); Y
- 1

S - I

int i , j , k
,
n = c length; %...

for(i = 0 ; i(n ,
i + + )

for(j = 0
, j(n , j + + )

↑ k = ctijtjj ;

if) k ! = - 1 20 k ! = 2 20 !Pertenece (sot
, K)) sal . Applach)

return sol

public static boolean Pertenece (PDamlegers p , enteger u)

& tryh if (p.
Esvacracs] return false ;

else return K = =

p . Topel 11 Pertenece (p. DesApula, K)
- 1 -> no path

FLOYD PATH j -> direct

S h -> conector

1) public statis int penultimate (cut [JEJ c
,

int i , intj) cut sal, -

-
-

-

tryh if ( ! c . Esvacia())
- -

↑ if ( < [i][j] = = -1) return - 2

-

-

else if (c[i][j] = = j) return i !

else return penultimate (C , c[i][j] , j)

2) fix 21 :: Arbol Float -> Arbol Float

fix 21 Av = Av

fix AB
-

n AU = AB 100 n Ar

-
public static inteJt] transform (intest] c) "

intIJ[] adj = new int [c
. length] [c

. length] ; ent weight = 0 ;

for (ent i = 0; i < c . length ; i + +)

for (intj = 0 ; j < c . length; j+ +)

& if (Cti][j] = = = 1) adj[ib[]] = -1

E else if) <tiztj] = = j) adytiztj] = weight ++;

else if (i = = jll <Tijtk] = 22 < k][j] = = j20 k -100k1 = ()

adj[i][j) = - 1;

retorn adj .



HUFFMAN TREE :

2) comhug:: Int -> Arbol Float auxhiff Int -> Float -> Float + Arbol Float

combust 0 : AV auxhiff level perc ascii = if (levels 2) then AB per

commff h = auxhiff 100 Cauxhuff level - 1 P12 ascii * 2)

Lauxhiff level-1 P/2 ascii * 2 +

public static ArbolBinario <Flats comhuff (inth) else AB perc (AB ascii Av AV) AV

return auxop (h ,
100

, 1);

4

public Static Arbal Binario <Floats auxop (level
, perc , asciil

out = new ABD <Froat > ();

if (level > 2)

out = new ABD (perc, auxop(level -1 ,
perc/z , ascii * 2), auxop(level -1

, perci
else out = new ABD (perc , new ABD/ascii , new ABDCFlate , new ABD (Flat

public static Lista <Integers cycle (intIJIb adj)

↑ int inf = mleger . MAX
- VALUE

, minweight = Integer . MAX
-

VALUE , n = adj. length ,
i = 0

, j= 0 , k = 0 ;

Lista <Integers sol = new (D < Integers() ; Lista Culeger) [JEJ path = Floyal (adj);

for(inti = 0; icn ; i ++ )

for(intj= 0 ; j(n : j + +)

if) i ! =jeadjti][j] ! = inf22 adjtj][i] ! = inf 20 adjtic[j) + adjEj][i] < minweight)
minweight = adj[i][j] + adjtjJTib;

sol (Lista <Integers) path [i JIj]· Cala() . done);

sol
.

Concatenc (pathIj][i] .
Colu()

. Core()y

· an
0 G

Y
public static int percent (ArbalBinario <Integers t

,
Lista <Integer> 1)

& Inleger p = -1 ; ArbalBinario <Integer > aux = new ABD();

if (!t . Estacio)

trys if ( ! l . Esvacian])

↑ if) t
. SubArbolDcho()

. EsVacio() p= t
. Raiz ()i /

elze if (1
.

Cabeza () = = 0) p = percent (t . SubArbolIzqdo() ,
1. Cola(s)

else p . pe


