Curs 10-11: Cautari - sortari
e Cautari

e Algoritmi de sortare: selectie, selectie directa, insertie

Curs 9 — Complexitatea algoritmilor

e Recursivitate
e Complexitate



Algoritmi de cautare

A datele sunt in memorie, 0 secventa de inregistrari (ki, ko, ..., kn)

A se cauta o Inregistrare avand un camp egal cu o valoare data — cheia
de cautare.

ADacd am gasit Inregistrarea, se returneaza pozitia inregistrarii in
secventa

A daca cheile sunt ordonate atunci ne intereseaza pozitia in care trebuie

inseratd o inregistrare noua astfel incat ordinea se mentine



Specificatii pentru cautare:

Date: a,n,(ki, 1I=0,n-1);
Preconditii: neN, n>0;
Rezultate: p;
Post-conditii: (0<p=<nh-1and a =kp) or (p=-1 daca cheia

nu exista).



Cautare secventiala — cheile nu sunt ordonate

def searchSeq(el,l): def searchSucc(el,l):
Search for an element in a 1ist Search for an element in a 1ist
el - element el - element
1 - 1list of elements 1 - 1list of elements
return the position of the element return the position of first occurrence
or -1 if the element is not in 1 or -1 if the element is not in 1
poz = -1 i=0
for i in range(0,len(1l)): while i<len(l) and el!=17[i]:
if el==1[i]: i=i+1
poz = i if i<len(l):
return poz return i
return -1
T (n-1) 1 0 Best case: the element is at the first position
=Ly TREOM T(n) € 6(1)
Worst-case: the element is in the n-1 position
T(n) € B(n)

Average case: while can be executed 0,1,2,n-1 times
Tm)=1+2+...4n—-1)/n € O(n)
Overall complexity 0(n)




Specificatii pentru cautare — chei ordonate:

Date a,n,(ki, I=0,n-1);
Preconditii: neN, n>0, and ko < ki <.... <kKn1 ;
Rezultate p;
Post-conditii: (p=0 and a <ko) or (p=n and a > kn.1) or
((O<p=n-1) and (kp-1 < a <kp)).



Cautare secventiala — chei ordonate

def searchSeq(el,l):

mrmrn

Search for an element in a 1ist
el - element
1 - 1list of ordered elements

can be inserted
mrmrrn

if len(l)==
return 0
poz = -1

for i in range(0,len(l)):
if el<=1[1]:
poz = 1i
if poz==-1:
return len (1)
return poz

return the position of first occurrence
or the position where the element

def searchSucc(el,l):

mirrn

Search for an element in a 1ist
el - element
1 - 1list of ordered elements

return the position of first occurrence
or the position where the element

can be inserted
if len(l)==
return 0
if el<=1[0]:
return 0
if el>=1[len(l)-11:
return len (1)

i=0
while i<len(l) and el>1[i]:
i=1i+1

return i

(n-1)
T(n)=z 1=neodm)
(i=0)

Best case: the element is at the first position
T(n) € 6(1)

Worst-case: the element is in the n-1 position
T(n) € 6(n)

Average case: while can be executed 0,1,2,n-1 times
Tm)=0A+2+...4n—-1)/n€ O(n)

Overall complexity 0(n)




Algoritmi de cautare

A cautare secventiala
o se examineaza succesiV toate cheile
o cheile nu sunt ordonate
A cautare binara
o foloseste “divide and conquer”
o cheile sunt ordonate



Cautare binara (recursiv)

def binaryS(el, 1, left, right):
mrrn
Search an element in a 1list
el - element to be searched, 1 - a 1list of ordered elements
left,right the sublist in which we search
return the position of first occurrence or the insert position

if left>=right-1:
return right
m = (left+right)/2
if el<=1[m]:
return binaryS(el, 1, left, m)
else:
return binaryS(el, 1, m, right)

def searchBinaryRec(el, 1):
mrrn
Search an element in a 1ist
el - element to be searched
1 - a 1list of ordered elements
return the position of first occurrence or the insert position

if len(l)==
return 0O
if el<1[0]:
return O
if el>1[len(l)-117:
return len(1l)
return binaryS(el, 1, 0, len(l))




Recurenta cautare binara

(1), if n=1

T =11 (gj +6(1), otherwise




Cautare binara (iterativ)

def searchBinaryNonRec (el, 1):
mrrn
Search an element in a 1list
el - element to be searched
1 - a 1ist of ordered elements
return the position of first occurrence or the position where the element can be
inserted
mrmrrn
if len(l)==
return 0
if el<=1[0]:
return 0O
if el>=1[len(l)-1]:
return len(1l)
right=len (1)
left = 0
while right-left>1:
m = (left+right) /2
if el<=1[m]:
right=m
else:
left=m
return right




Complexitate

Timp de executie

Algoritm | best case worst case average | overall
SearchSeq o(n) o(n) o(n) o(n)
SearchSucc 0(1) o(n) o(n) O(n)
SearchBin 0(1) d(log, n) 6(log, n) 0(log,n)




Vizualizare cautari

ch (recorde

*! Problems @ Javadoc [& Declaration & Console 32 Fi PyUnit

# analyzed list, % midlle

##

## ##

%l #Hit #Hi#

#H# %% ## ##

## ## X%k ## ##
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<terminated> D:\istvan'__fp2014\curs\wsp\BarSortSearchVisualization\play\player.py
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Cautare in python - index()

1 = range(1,10)

try:
poz = l.index(11)

except ValueError:
# element is not in the list

- 63(1

class MyClass:
def __ init_ (self,id,name):
self.id = id

self.name = name

def __eq_  (self,ot):
return self.id == ot.id

def testIndex () :

1 =11

for i in range(0,200):
ob = MyClass (i, "ad")

1.append (ob)

findObj = MyClass (32, "ad")
("positions:" +str(l.index (£ind0b7j)))

print




Searching in python- “in”

1 = range(1,10)
found = 4 in 1

— iterable (definiti _iter and _ next )

class MyClass2: def _ next (self):

def _1n1t_(5elf) H men
self.l = [] Return the next element in the iteration

raise Stoplteration exception if we are at the end

mrrn

def add(self,obj):
self.l.append (obj) if (self.iterPoz>=len(self.l)):

raise Stoplteration ()
def __iter (self):
e rez = self.l[self.iterPoz]
Return an iterator object self.iterPoz = self.iterPoz +1
e return rez
self.iterPoz = 0
return self def testIn():
container = MyClass2()
for i in range(0,200):
container.add (MyClass (i, "ad"))
findObj = MyClass (20, "asdasd")
print (findObj in container)

container = MyClass2()
for el in container:
print (el)




Performanta - cautare

def measureBinary (e, 1):
sw = StopWatch ()

poz = searchBinaryRec (e, 1)
print (" BinaryRec 1in $%f sec; poz=

def measurePythonIndex(e, 1):
sw = StopWatch ()
poz = -2
try:
poz = l.index (e)
except ValueError:

pass #we ignore the error..

print (" PythIndex in $%f sec; poz=%i" % (sw.stop(),poz))
def measureSearchSeq(e, 1):
sw = StopWatch ()
poz = searchSeqg(e, 1)
print (" searchSeq in $%f sec; poz=3%i" %$(sw.stop(),poz))
search 200 search 10000000
BinaryRec in 0.000000 sec; poz=200 BinaryRec in 0.000000 sec; poz=10000000
PythIndex in 0.000000 sec; poz=200 PythIndex in 0.234000 sec; poz=10000000
PythonIn in 0.000000 sec PythonIn in 0.238000 sec
BinaryNon in 0.000000 sec; poz=200 BinaryNon in 0.000000 sec; poz=10000000
searchSuc in 0.000000 sec; poz=200 searchSuc in 2.050000 sec; poz=10000000




Sortare

Rearanjarea datelor dintr-o colectie astfel incat o cheie verifica o relatie de ordine data

A internal sorting - datele sunt in memorie
A external sorting - datele sunt in fisier

Elementele colectiei sunt inregistrari, 0 inregistrare are una sau mai multe campuri
Cheia K este asociata cu fiecare inregistrare, In general este un camp.

Colectia este sortat:
A crescator dupa cheia K : if K(i) < K(j) for 0<i<j<n
A descrescator: if K(i) >K(j) for 0<i<j<n



Sortare internd — 1N memorie

Date n,K; {K=(kyka,...,.kn)}
Preconditii: kieR, 1I=1,n
Rezultate K';

Post-conditii: K' e permutare al lui K, avand elementele
sortate,

k'1 <k'» <... <k'n.



Sortare prin selectie (Selection Sort)

A se determina elementul avand cea mai mica cheie, interschimbare elementul cu
elementul de pe prima pozitie
A reluat procedura penru restul de elemente panda cand toate eclementele au fost

considerate.



Sortare prin selectie

def selectionSort(l):
sort the element of the 1list
1 - 1ist of element
return the ordered 1list (1[0]<1[1]<...)
for i in range(0,len(l)-1):
ind = 1
#find the smallest element in the rest of the list
for j in range(i+l,len(l)):
if (1[3j1<1l[ind]):
ind =3
if (i<ind):
#interchange
aux = 1[1]
1[i] = 1[ind]
1[ind] aux




Complexitate — timp de executie

Numarul total de comparatii este:

Este independent de datele de intrare:

2
4 caz favorabil/defavorabil/mediu sunt la fel, complexitatea este o(n°) .



Complexitate — spatiu de memorie

Sortare prin selectie — este un algoritm In-place:

memoria aditionala (alta decat memoria necesara pentru datele de intrare) este o)

A In-place . Algoritmul care nu foloseste memorie aditionald (doar un mic factor
constant).

A Qut-of-place sau not-in-space. Algoritmul foloseste memorie aditionala pentru
sortare.

Selection sort este un algoritm an in-place .



Sortare prin selectie directa (Direct selection sort)

def directSelectionSort(l) :
sort the element of the 1ist
l - 1list of element
return the ordered 1list (1[0]<1[1]<...)
for i in range(0,len(1l)-1):
#select the smallest element
for j in range(i+1l,len(1l)):
if 1[3]1<1[i]:
1[01i],1([3] = 1[31,1[1]

§i 3,00

Overall time complexity: =t i=i+1

e d(n?)




Sortare prin insertie - Insertion Sort
4 se parcurg elementele

A se insereaza elementul curent pe pozitia corectd In Sub-
secventa deja sortata.

+In sub-secventa ce contine elementele deja sortate se tin
clementele sortate pe tot parcursul algoritmului, astfel dupa ce
parcurgem toate elementele secventa este sortata in ntregime



Sortare prin insertie

def insertSort(l):

mrmrn

sort the element of the 1list
1 - 1ist of element

return the ordered 1list (1[0]<1[1]<...

mrmrn

for i in range(l,len(1l)):

ind = i-1

a = 1[1i]

#insert a in the right position

while ind>=0 and a<l[ind]:
1[ind+1] = 1[ind]
ind = ind-1

1[ind+1] = a




Insertion Sort - complexitate — timp de executie

n-(n-1)

T(n)=i(i—l): e O(n?)

Caz defavorabil:

Avem numarul maxim de iteratii cand lista este ordonat descrescator

2 n
- n°+3 n—Z%e@(nz)
Caz mediu: 4 =g

Pentru un i fixat siun k, 1<k<i probabilitatea ca *isa fic al k-lea cel mai mare element
1

Xor Xigste i

. X
in subsecventa "1’



Astfel, pentru i fixat, putem deduce:

Numarul de
iteratii while

Probabilitatea sa avem
numarul de iteratii while din

prima coloana

Ccaz

1 1 un caz in care while se executa
i odata: Xi< Xi-1
2 1 un caz in care while se executa de
i doua ori: xi< Xi-2
1
i
i-1 un caz in care while se executa de i-

1 ori: Xi< X1 and X1<Xi< X2

Rezulta ca numarul de iteratii while medii pentru un i fixat este:

i+1 1

C :1-_}+2-l+...+(i—2)-%+(i—1)-g:———
[ i i i

Caz favorabil:

2 i

T(n) =Zn:1=n—1e e(n)

lista este sortata




Sortare prin insertie

2
A complexitate generala este O(n%).

Complexitate — spatiu de memorie

o)

complexitate memorie aditionala este:

A Sortare prin insertie este un algoritm in-place.



Curs 10-11: Cautari - sortari
. Algoritmi de sortare
.- metoda bulelor, quick-sort, tree sort, merge sort
. Sortare in Python: sort, sorted
. parametrii: pozitionali, prin nume, implicita, variabil

. list comprehension, functii lambda



