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@ 8 studen, jedna z nich je otravena
@ laboratorni rozbor

o dokaZe rozpoznat pfitomnost jedu ve vodé
e je drahy

@ kolik rozbor(i potfebujeme?
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Vyhledavani: hra

myslim si prirozené Cislo X mezi 1 a 1000
povolena otazka: ,Je X mensi nez N7“

kolik otdzek potrebujete na odhaleni Cisla?

kolik predem formulovanych otazek potrebujete?
P



Vyhledavani: problém

mnoho rliznych variant, zakladni verze:

@ vstup: setfidéna posloupnost ¢isel + dotaz (Cislo)
napf. 2, 3,7, 8,9, 14 + dotaz 8

@ vystup: index hledaného ¢isla v posloupnosti (pfipadné -1
pokud tam nenf)
napr. 3



Vyhledavani a logaritmus

@ naivni metoda = priichod seznamu
e linearni vyhledavani
e pomalé (viz napf. databdze s miliény zaznami)
e jen velmi kratké seznamy

@ zadkladni rozumna metoda = pileni intervalu

analogicky hre s hadanim disel

podivdm se na prostredni ¢len

podle jeho hodnoty pokraluji v levém /pravém intervalu

(-]
o
(-]
o logaritmicky pocet krokil (vzhledem k délce seznamu)



Algorithm 6.2 BINARYSEARCHREC

Input: An array A[l..n] of n elements sorted in nondecreasing order and
an element x.

Output: j if z = A[f],1 < § <n, and 0 otherwise.

1. binarysearch(1,n)

Procedure binarysearch(low, high)
1. if low > high then return 0
2. else
3 mid — | (low + high)/2]
4. if x = A[mid] then return mid
5 else if x < A[mid] then return binarysearch(low, mid — 1)
6 else return binarysearch(mid + 1, high)
7. end if

M. H. Alsuwaiyel: Algorithms, Design Techniques and Analysis.
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Algorithm 1.2 BINARYSEARCH

Input:

An array A[l..n] of n elements sorted in nondecreasing order and an
element z.

Output: j if z = A[j],1 < j < n, and 0 otherwise.

0N DR

. low—1; highe—mn; j«0
. while (low < high) and (j = 0)

mid + | (low + high)/2]
if £ = A[mid] then j«— mid
else if z < A[mid| then high«— mid — 1
else low «— mid + 1
end while

. return j

M. H. Alsuwaiyel: Algorithms, Design Technigues and Analysis.
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Upozornéni k uvedenym algoritmim

@ uvedené pseudokddy nejsou primo v Pythonu
@ hlavni rozdil: indexovani od 0 vs od 1
@ zameér:

e abyste trénovali ¢teni riznych notaci

e abyste pri prepisovani kédu museli premyslet



(a)

(b)

T. H. Cormen, C. E. Leiserson, R. L. Rivest, C. Stein: Introduction to Algorithms.

(vice pozdéji)
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Tridéni: komentar

@ terminologie: tridéni, razeni

@ mnoho rdznych algoritm0 pro stejny Gcel

@ vétSina programovacich jazykd ma vestavénou podporu
(funkce sort ())

Proc se tim tedy zabyvame?



Tridéni: komentar

Proc se tim tedy zabyvame?

© ilustrace algoritmického mysleni, technik navrhu algoritmi

@ ilustrace drobné zmény algoritmu s velkym dopadem na
rychlost programu

© tradice, hezky se to vizualizuje a vysvétluje



http://www.sorting-algorithms.com/
@ animace

o kody

@ vizualizace

Vice podobnych: Google — sorting algorithms

«O» «F»r « =>»

« =

DA


http://www.sorting-algorithms.com/

@ vstup: posloupnost (pfirozenych) Cisel
napr. 8, 2, 14,3, 7,9

@ vystup: setfidéna posloupnost
napr. 2,3,7,8,9, 14
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@ zkuste vymyslet

o tridici algoritmus

e co nejvice rdznych principl
o co nejefektivnéjsi algoritmus

@ moznd inspirace: jak tridite karty?

«O» «F»r «



n — délka vstupni posloupnosti

pocet operaci

Vv

jednoduché algoritmy O(n?), ,kvadraticka"
slozitéjsi algoritmy

O(nlog(n))
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Bubble sort

@ probubldvani vyssich hodnot nahoru

@ srovnavani a prohazovani sousedl

for i in range(n):
print a
for j in range(n-i-1):
if alj]l > a[j+1]:
aljl, alj+1] = alj+1], aljl
# paralelni pfirazeni;
# = prohozeni hodnot

invariant cyklu: a[n-i-1..n-1] ve findlni pozici



«O» «F»

8, 2, 7, 14, 3, 1]
[2, 7, 8, 3, 1, 14]
[2, 7, 3, 1, 8, 14]
(2, 3, 1, 7, 8, 14]
(2, 1, 3, 7, 8, 14]
1, 2, 3, 7, 8, 14]




o tridéni vybérem
°

projdeme dosud nesetridénou ¢ast pole a vybereme
nejmensi prvek

nejmensi prvek zaradime na aktualni pozici (vyménou)
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Algorithm 1.4 SELECTIONSORT
Input: An array A[l..n] of n elements.

Qutput: A[l..n] sorted in nondecreasing order.

1. fori—1lton—1

2 ke—i

3 for j—i+1ton  {Find the ith smallest element.}
4. if A[j] < Alk] then kj

5. end for

6. if k # ¢ then interchange A[i] and Alk]

7. end for

M. H. Alsuwaiyel: Algorithms, Design Techniques and Analysis.
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@ zatfidovani

o prefix pole udrzujeme setridény

@ kazdou dalsi hodnotu zaradime tam, kam patri
o ,tridéni karet”

«O» «F»r «



Algorithm 1.5 INSERTIONSORT
Input: An array A[l..n] of n elements.

Output: A[l..n] sorted in nondecreasing order.

1. fori—2ton

2. z— Ali

3. je—i—-1

4. while (j > 0) and (A[j] > x)
5. Alj+ 1]« Alj

6. je—j-1

7. end while

8. Alj+ 1]z

9. end for

M. H. Alsuwaiyel: Algorithms, Design Techniques and Analysis.
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@ rekurzivni algoritmus

@ vybereme , pivota” a pole rozdélime na dvé casti:
o vétsi nez pivot

e mensi nez pivot
@ obé ¢as

ti pak nezdvisle setfidime (rekurzivné pomoci
quick sortu)
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T. H. Cormen, C. E. Leiserson, R. L. Rivest, C. Stein: Introduction to Algorithms.
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@ pokud mame smilu pri vybéru pivota, tak je stejné
pomaly jako predchozi

@ v primérném pripadé je rychly — quick

O(nlog(n))
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@ rekurzivni algoritmus

@ pole rozdélime na dvé poloviny a ty setfidime (merge sort)

@ ze setridénych polovin vyrobime jedno setfidéné pole —
»Zipovani*
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Algorithm 6.3 MERGESORT
Input: An array A[l..n] of n elements.

Output: A[l..n] sorted in nondecreasing order.

1. mergesort(A,1,n)

Procedure mergesort(low, high)

1. if low < high then
mid «— | (low + high) /2]
mergesort(A, low, mid)
mergesort(A, mid + 1, high)

MERGE (A, low, mid, high)
end if

LS

M. H. Alsuwaiyel: Algorithms, Design Techniques and Analysis.
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Algorithm 1.3 MERGE
Input: An array A[l..m] of elements and three indices p, g and r, with
1 < p< g <7 <m,such that both the subarrays A[p..q] and
Alg + 1..7] are sorted individually in nondecreasing order.

Output: Afp..7] contains the result of merging the two subarrays A[p..q] and
Alg+ 1.r].

OISO LN =

. comment: Bp..r] is an auxiliary array.

s—p te=q+l; kep

. while s<gand t<r

if Afs] < A[t] then
Blk]— Als]
s—s+1

else
B[k]t—A[t]
t—t+1

end if

ke—k+1

. end while

. if s = ¢+ 1 then Blk..r] « Alt..r]
. else Blk..r| — Als..q)

. end if

. Alp..r] < Blp..1]

M. H. Alsuwaiyel: Algorithms, Design Techniques and Analysis.




@ predchozi algoritmy vyuZzivaji pouze operaci porovnani
dvou hodnot

@ aplikovatelné na cokoliv, co lze porovndvat, zadné dalsi
predpoklady

@ s dopliujicimi predpoklady mizeme dostat nové algoritmy
(obecny princip)
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@ aplikovatelné na (kratkd) Cisla

@ postupujeme od nejméné vyznamné cifry k nejvyznamnéjsi
@ setfidime pole podle dané cifry = rozdéleni do 10
wkybli¢kd" (jednoduché, rychlé)
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329 720 329
457 329 355
657 436 436
839 e 839 iy 457
436 355 657
720 457 720
355 657 839

T. H. Cormen, C. E. Leiserson, R. L. Rivest, C. Stein: Introduction to Algorithms.
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Slozitost trochu podrobné;ji

slozitost algoritmu — jak je algoritmus vypocetné narocny
¢asova, prostorova

mérime pocet operaci nikoliv ¢as na konkrétnim stroji
vyjadfujeme jako funkci délky vstupu

O notace — zanedbavame konstanty

napt. O(n), O(nlog(n)), O(n?)



llustrace rozdili v slozitosti

3

n logn n nlogn n’ n 2"
8 3 nsec 0.01 0.02 p 0.06 p 0.51 0.26 u
16 4 nsec 0.02 p 0.06 p 0.26 p 4.10 p 65.5
32 5 nsec 0.03 1 0.16 1.02 p 32.7 p 4.29 sec
64 6 nsec 0.06 p 0.38 u 4.10 p 262 p 5.85 cent
128 00l | 013p 090 | 16.38 u | 0.01 sec 10%° cent
256 00lp| 026p 2.05u | 6554 4 | 0.02sec 10°® cent
512 0.0l x| 051p 461 p | 26214 | 0.13 sec 10'3% cent
2048 0.01 p 2.05 p 22.53 | 0.01 sec | 1.07 sec 10°% cent
4096 | 0.01p | 410p 4915 | 0.02sec | 8.40sec | 10 cent
8192 0.01pu| 819p 106.50 | 0.07 sec | 1.15 min | 10247 cent
16384 | 001 | 1638 p | 22938 4 | 0.27sec | 1.22hrs | 107 cent
32768 | 002 | 3277 p | 49152 4 | 1.07sec | 9.77 hrs | 10%8%° cent
65536 | 0.02 4 | 65.54 1 | 1048.6 1 | 0.07 min | 3.3 days | 107 cent
131072 | 0.02 o | 131.07 pp | 2228.2 p | 0.29 min | 26 days 10%9%%8 cent
262144 | 0.02 x| 262.14 p | 47186 & | 1.15 min | 7 mnths | 107%%* cent
524288 | 0.02 | 524.29 ¢ | 9961.5 u | 4.58 min | 4.6 years | 10*57%%8 cent
1048576 | 0.02 1 | 1048.60 p | 20972 x | 18.3 min | 37 years | 10%1°6% cent

Table 1.1 Running times for different sizes of input. “nsec” stands for nanoseconds,
“u' is one microsecond and “cent” stands for centuries.

Alsuwaiyel: A
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n — délka vstupni posloupnosti

pocet operaci

Vv

jednoduché algoritmy O(n?), ,kvadraticka"
slozitéjsi algoritmy

O(nlog(n))
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@ vyhledavani: paleni intervalu, rekurze
e tridici algoritmy:

e jednoduché (kvadratické): bubble, selection, insertion

o slozitéjsi (n log n, rekurzivni): quick sort, merge sort
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