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Anotace: Ukazky pouziti metod teorie pravdépodobnosti pii vypoctu ocekavané
casové slozitosti deterministickych algoritmu (tfidéni, grafové algoritmy apod.)

a pii konstrukci a analyze randomizovanych algoritmu. Predpokladaji se
zakladni znalosti pravdépodobnosti a matematické statistiky:.

Sylabus:

1. Casové slozitost algoritmu v nejhorsim a primérném pifpadé. Metody
pro urceni ocekavané doby vypoctu deterministického algoritmu pii
znamém rozlozeni vstupnich dat (primy vypocet, vyuziti vytvorujicich
funkci, rekurentni vztahy).

2. Vyssi momenty doby vypoctu, rozptyl. Markovova a Cebysevova ne-
rovnost a jejich vyznam pro odhad pravdépodobnosti velkych odchylek
skutecné doby vypoctu od ocekdavaného pruméru.

3. Reprezentace algoritmu Markovovym fetézcem, pravdépodobnosti prechodu
mezi stavy vypoctu, ocekavany pocet pruchodu jednotlivymi stavy.

4. Princip randomizovanych (pravdépodobnostnich) algoritmu a jejich
vyznam. Vypocet ocekavané casové slozitosti, odhad pravdépodobnosti
chyby.

5. Konkrétni priklady pravdépodobnostni analyzy algoritmu: jednoduché
pocitani na Turingové stroji, hleddni maximalniho prvku v posloup-
nosti, tfidici algoritmy (SelectionSort, QuickSort, InsertSort, Shell-
Sort), grafové algoritmy (barveni grafu, tranzitivni uzavér, ndhodné
prochazky na grafech), pravdépodobnostni testovani prvociselnosti,
randomizovany SAT a piipadné dalsi.

Literatura:

1. G. Feller, W.: An introduction to probability theory and its applicati-
ons.Wiley, New York,1970.

2. Hofri, M.: Probabilistic analysis of algorithms. Springer-Verlag, 1987.

i


mailto:koubkova@d3s.mff.cuni.cz
http://d3s.mff.cuni.cz/~koubkova/

3. Sedgewick, R., Flajolet, P.: An introduction to the analysis of algori-
thms. Addison-Wesley, 1996.

il



This page is intentionally left blank.



A 0% ©0.2.009 We
e\ PETER Cern()

VNTINO“R PRAVDEPODORNIOSTNI ANALTZA ALLORITING

az 2%, a:2'  RNaRNy ZARg a.e{0,1]
OLoHA :  SPOSTTAT  qQ+)

 PoSiANIE N4 TURIN(OVON STROY |
«— S

j_L* q“.‘ s Ql a, ao % 2AbDANIE
. L~ '
A YRR Vi 3LEboK

Ty) = POTET Keokgy

FlmnAwny roler Krokoy = 1
V mirape, 2% g,=

MAXI ™A A 1O0ET KROKOY = /L("“'\‘l
Vv M‘PADE it 00- ‘e ‘a.,4~4

“CHEENE spotirar ET, 24 PRtoPomADu
2zt V' Plo;=0):P(ais1): 1
VEONGTULE PRavoerobopNas 6 NE2AfIsE |
ET, = Zk k. P(T :L)
P(Ty=k)=D rre nerARNE k

~

P (Thzm)s — 22 1041114
pn o N~ m-1
A

T = FK€ M:.1" ’n




Pre m=nid & P(Th: 2w) = '%'
D ET, =iy kP(Tazk) s

- Zn+1 2”\ F(Ty‘-QI\\) -~

:Zm« 2m . T 4 2("*1)-93"

Z:=1 Mul '1 2:’.. =A "’”1 - (1 a‘n q(a-‘ \)

.:-Q%(an\‘\) 1;1(r'?\‘:'%'):

e (- )

¢ A
PO DOSADEN| 9= 7 DO STANENE

/L -
ET, - (fml(n T ) HL T

"‘Ll"';.—?;:‘ — & PRE N

—————————

q
(1-q)
V. FODSTATE A JEDNA° O NOPEL
GCEONETRIWEHO RO2DELENIY

> ET.=4%

<10
PRE nzeo JE um M4"-




PEreR  C=rNO
NﬂN 013 PRAVDEroDOBNOS ™I ANALTZA ALLORITING

e X 8 M) POV P <
PCX=k) & P(X,= Xz O Xaz) =
= ("’P)HF XE Geom (P

“var To: E(T,-ETY -
= E(M) - (ETW)

ET! = 2& k P(Ty':k) T ...z 8_8*\-0-‘0 2

MeoTET  PONOCOU V“TTVA’RADJCICH FUNKC

X' N, VELILANA , NERAPORNA csLocY:smA
CP(Xk)=R ks O, ...

VAR U FUNIKEIA Gx (’-)3 g’:-o 'ﬂzk > 2¢C |
Gy @) WoNveRBNE Pre 2] ¢4, (Asroﬁ)

F, = Gx (0)

(k)
P = k'(O) re ka2, ..




PRE 'XmARe(p\ 2E Gx(z) Gr)ﬂnz
PRE X ~ Rin (nl T)
PO¢=k)= (1) P ()" k=0, 1

Xz Xtk X, 0E Xy X, ® A ()

bx(e)= 2 B )pk (- P\“ “= [(1-p) +-;>z]

bx @)= 2, Pk'“”

P Gx(1) = 2o kR = EX

Ox @) = Ty Bk (k-1)2k2

> G (1) = EX(X-1)

var X = EX! - (EXY =
= EX (X-1) + EX - (EX)'=
= Gx () % (1) - (6x)*

P(T,,t QM-’\) ;O
P(Tazlu)= " Acuin
P‘ (Tr, :‘L(m\\ =™




? 07.10.200)We
A R (eRg

NTINO{ PravperopornosTi ANALTRA ALE-

Gy (2)s Ty 2" P(T =) =
= 2 z’-“‘ 9.'" + 2t oh -

= s (‘7’.’) 2 (T ) =

= ‘Z?- Q/Z) _I‘ + ,L(Z'l\'h

~ 'L (z‘l./z)

CERMSE\OVA NERQVNOST;

P (\T,\~ET,,\2£§ L W";lr"

7 P ('TwE'&l}'k{svm'ﬂ,) £ ':?-

VT vene, & ETy= 4, var Tz
. NeR. P-4 2 27 2 5(6) ¢
P(IT.-4 23)3 843 ) ¢
PIT-y] 2 4l = M%) ¢

Tamez PLarf  P(X 2 e Ex)¢ ]

12v. ThrKoVOVS NEROUINO ST
(KEG NEPouANE RO2PTYL )




P( ]X-EX]Zi\ L E'X-EX,{

£'(

<
Pz ) e EXL

Siknogr” 4 = SXEXS

420 ... SMNEmMIKE ROZOEENIE
0

‘L( O bt _EA '
- n. E(X-Ex)
SPicaT™OSr P = — -
C

NORMLNE Ro2bEUWNIE NI02) ™ R= )
AYO ...

——

oo




4 R Como
NTINDIR  PrAvDERD sNomml ANATRA ALORITS
DALOE CHARAKTER sTIKY : TIOBUS | MEDIAN]

MODUS — NAOPRADEFOHORNEISNY HODNOTA

N

X ... PX=%) o maxireiowa

| A
P(Ta=2), P(MHa®)=%, - P(h=D\= 2=
D Moous o 2.

T MED AN ~ mosmsbn{ PRWOK (Vv zomeomso fosT.
PRE  LPOINME nozonawﬁ F(¥\=%

P(X¢ %)= P(X2 %)=
PRE DISKREINE &OZDELENA F(?)i%, F()‘E-+O\2§
PISTR, FCV, - REFIMPENE  ARO . P(X <x) ?

LINITA
o0—— SPRAW
~ — X zum
, A
aaer., P(T=1R)-: R PO 'M 423

A ?(T,,24\.)=4-PLT»<4C): -5 = g
A F)zP(Ta<x) |

w O PODFIENKE - NER KA
Y o L VINOWRY & BODY :
2 A4

A
L X




MhrKgUovE RETAZCE

MR OE PoiturNOST CELONENT (Y N.y.
Xo 1 Xay -y Rny e

TERNINDLOG A

Xpz -« PROES & V TASE n v aTAVE §

X; NE S vO WroR. NEuWLE’, ATAK -

P(Xn+a =] \ Xa2( ) Ky Tiny oo X, = %\:
= P (X 27| X;,=i) (Markovous Vamuon®)

P(X 33) - POTIATOONE ROZOELENIE

P (X =) , Xn=C) ... PRAWEMIDOBNOST
_PRECHDVY Pis (n, n31) .

EO’IOGI:‘Wﬂ MR Ry (n, n+4) = Py '.

IP = (l’;ﬂ:::v P r  PRAUD, PRE (oD

P&l’l(um ‘

R
——+—4+ <__, poriLcvYSA S TENA
2 U Qa-1 q A :/\

ST
— .1;-




14.40.2009 We
y PETER Cano

NTINOIS F’RM/bEPobonuosN( Mucion ALORITN

O 11 ... a4
014 00 0 01
P= 11p 0t 0 0
0O poO ® 0

u~;000 0 +p
ald 00 D 1.

~MODELOVARLIE PRIKLADY . "PRIPOO™MNE 1"
PoOnocsy MNR

% 10m] o Tag] ale| v ore 0,3
Tolenal --- [u]Ge] vow bietong

BUDENE TAT STAWNM
S‘hrt, Aoy ---, Amq b, . L...‘ |~ Ln) koniec

o

~
"TMAN A  PRE(HODY ! o
shart | q.,' By |- P [ bt} - [l L [Kotdec )
start [ O o 0+01 0/l0]| 0
Q| D '4/9_l Oi0 Oi 0ol
a| O "5[ 0[0{0 (0% O
: | | P
G| | Y (0 ng_.. |
LY T L I O A B By
._L_";'LL. - 1A '
b { | ( ‘1
-EO:_ - ——r—e e .v : e; 1 } )
K'hkcL : 1 1 J




ARSORPENY STAV ... koniec

kowiec OE DOSWHNUTEONY 2 KAZLEHO STAVU
)

Pitonee > 0 (e Uk 1 EXUTVE k)
UZAVRENA’ NNOANY STAWO
V NATON PRIPADE KAZDA' UMR. INL §mvoy
OBSAHUWE.  keniec

()

pOLOR ! P(T;\ :2"'\‘ :l‘l' F;Hrf, kohiec
S'iu;\ ... PRAVDEPORORNOST TOHO, %=

AN vV STME @ A PO k krokowy
SA DOSTANEN DO STAW 3 POPRVTKRAT,

PUAT] ) _ (k) )
© Py = Zl:,:o ﬁ'ij Pg; \

pA s wk2aT, SE Atz (P7);g . h
PLAY TOT2 P;j (‘W\,h) =

Zi By (nr) Py (0] ¥meren
NARR.  Pis [y m2) = & fik ) Aj (#+line],

PRE MHONOKNINE TR ¢ r,%q < 2 P.-k'fq .




14 14.10.2008 We
1 Pemer  CERNG

NTINO'Q  Pravotropoaosmi  AnA(f2a  ALL.
PLNTY @V HonooeEnen NR :
P(Xﬁ:jw X~=31 1 ==y Xu: 70\\ =

P T rf)u.\':}n

= P('\;:Qh\: P(X,::hr{-, X,,: Bo ) =~
~ ey KT Oy XHn: buy, n-;'( Xema = by Xb\: l""'u)
= f. 4 l‘L 11 A=W

Ay —_—
™ h\

i POCET sTMUOV
m{uomma ROZDELENIE T = (M) iy

'\TT ‘P:‘T’T -'J-Z‘.“l P‘J

( ‘
~ f’U’fT{ Lim an = Tl’.j (NE'Ul\Im M 1\

RANDON IROVANE  ALGOR(TTIY

RANDONI2ovAN] L~ SAT

(SM vsn\ A (411 vsu A --. A (;M vﬁi)
-SAT Ob k21 o NP drowd.




(1) NASKSR 220UNE NAHODNE' OHOBAOTENIE
PRENENNYH 0 4 4.

(1) OWrl, D % ForNUA SPLNENA
AK ANO , TR KONIE(
AR NiE, (0T (3)

(3) NAHODNE VBERIENE 4 2 NeEfPvENSH
FAKNROYV, V Kon NaHoDuE VIGERENE
4 L”*ERA‘L) A TeyY FL'PME’\E.

G0 (1)
OTAKA VANA' DDORA WPOTTU

MR sTAVt = TOCET SPRAWNE  OMODNOTENY ¢y
PRENENNTLHL 012, - N = B PRENENNTH
(PREDPokULIDATE, ZE ExUSTE PRAKE A PRANE
RvE’tm&)

V oot 3) 54 8/ sPraWE oumm PREN.
ZNEs PRAVE O A.

Zapiney N4y Piiing 1 Riig -

"Uﬂ"{ fi,im 2 4/?., rn 4/2

Poa =4, ».h-1:O: rum:/\.




'-(/‘1 4“' 10. ’LOO%VQ-

PEmer. (N0
]\IHND/,% PRAUDEMDOBMOJN(I AMA’L“?A ALG.
— 0 ro :1\ T e n
0 0
]-P - 114 (o) 4[1 g
2\ (§) 1/)_ O 0

0 0 0 1 | <— NSRPDNT TV
RupEnE PodTar ET, = hyy , P
A .
’\;m = %(" + h""l.”) + 7’;(44—‘\“4'”\ 04 n

ho.V\ =1+ W4, n
"‘h.n =0

f\

& h!." = "\o;h =~ @

h("n = “Nh ‘,L
h?o" - L‘ﬁ’l -
hh n - Lh" - hz :, 0 =) 'nh" = nl

—————

2 hin = 0=t = O(a)




ALorirfyys  NEWANE REDMT Im Keouol,
PONON  REJETVENE A IDEHE MW .. © kreA'r
owmaME. p ... P (s weex)
POPON t WURE ~ T
(1-p) ¢ "

I
PRAVOEPODODNOST Ch7py & < 204

20
VP
2 (4(1+ &1\\ kyd  k-ST

A\\M

£ ¢ (L“‘; )

-
{




24.0 .2003We
4/u PETER CERNG

NTINQI? PRAEDDIRNOIN Al 124 ALGORITY .

PRICAD : NAHODNA' PRECD2UA NI GRaAFO ty
ﬁG:(\/.E) NG NEOKlENNWN“(, IV]=n \E|=wm
" (v) = 202nAn SVSEDoV WRLHOW v

TPECNE  PRE UPOW GRAF MWTYGA PRAVD. PR, :

A
/ 0 a5 A =3
~ | A 0 A .
1 Nn-1 n-A
A A A
G 0

PRE .WJ.HDL‘1 U, v RBYDENE POCTraY O CAKA A
POCET KRoWKOYy Z u Do v

wy °
1 A
huy = 22 7o U+ W + .
uv e P(u\h '\ ( l'\\«,\/» -1 4
f\ wi v

Woe h,, = h-

O2wmtng b, oAy PORET KROKoY ,

ARl fon CESTOV 2 u NMIANUL VY RGqo(
CRARY .

"‘u = ;i\‘,l" {h"“ t ;’j_-'z ["'4) t 4 4 (h—‘]) =

A oA L
4 ODAKABA H KRako\/ = (u-1) Z':k.-.n nek -
WVIBEREN W)L, v X . S P —‘;- =

Son ESTE  NEmoL = h«'\\ H., ~ n Qos h




_[NEDh PP (PROBA BlusTc  Potinonie T:ms}

TRIEDA JATIKOY PRI ANALH  PravoEPOPOBN. T3
V  POLANIONLNON DASE |

PN : NP C PP ¢ PSPACE
Trens RPP  (BouNpEd ERROR PRoB. Pocny Tine )

PRAVCEPODOBNO ST €My £ Nuli BT D<Led %
~ T\‘nm ALLORITNON, 4 HOWIR] hONTE QﬁtLﬁ_\

PATY : R PP < PP

TNEDA R (Stonomannd Rz BPP)

ApprTy NONE (R0 S JedNOITRANINOY  CHMBIU
(5. ObrovES AND E V2 SPRAVNA |
ObLPVER NIE 3C SPRAVMA  § PRAVD. 0(&({)

P PS RENP -
Triepa ZPP (2wp Prog. PoL. TINE)

PRAVDEFODORAIOYT CHEy € O )
9 T™MTy. ALGORITNEN SA HOWOR Ly VEgas

—

MAHNE  PRIKAZT  PROGRANV :
WAdvE, & Riloy
S stain MARKe ovHo
RETA2.LA

““'l




21.40. 2004 We
()-/q Perer. CERNO

NTINJO1€  PravDERSDO tasrui A28 A8 ORITTND

OCAAVANE POCET PRIECopoYy STAVON -

= STAVWU
. { KED SUTEN PREDE 20

INAK

R,.j S PFOCET PRIECHODOV Sraion 3, KEp
PoOWDOONT AV OE
~  J#N, n dE koneov! v (4BsorrDf )

(k)
Ry = Qo Xi © (iP“\
ER"J = ZEZO Exf;\ - glzo = gkzo

TPZ PPM P!l e Pm j / Tr: r rM r"'— e r“"w
Pae Far o Py, | Pra T -oo Py,
4 Pl-s,ﬁ P"hl r"-‘llf\. ru.\,q rh;\.L T rl"'\'\
00 —~17) Joo 0.
o [0-01) oo T = O
o [0 ...01 s

e W o

0. 01




PLATY (fP‘);j :(-]‘T"\ij e 1283 n.
5> ERy = Ty (T iy me L0 L
- (I -Tl')" '

—

PRIKAD : ObMad VEWKOIN D1Nan ek ey

DATOVIGH  TTRUKTUR  (sropak, HACH. TARULKA -~)
X+

Xozx Xm: {x

x-A
Z e MR, Pig () n)
NENWOVE 1t PRE PRIFAD 3 € Ji-4, i, i+A ]
Piy NOINE FEFINOUAY PODLA TOHO ,§ HOU 5
PRAVOEFODRNOSTOY 84 D0y INsery, MEneee, DELETE, -
VELXOST STRUKNRY ... SPOCYTANE.  PONoCOV -
STALONKHRNEHo ROZDEENW . 1T

TT.) = P(X :.'J\ — lfh‘ l'-"‘?




' 24.40.200I Ve
2/9 Perer CERmL

NTIN 013 - PRAVDEPopOBND Sl ANALIRA- 4LLoRITN

Svstdn  MromgONEY  ORSLuMHY

Pr{ctHoD oD CHOD
R R —(ovumn )

FRONTA

Ak MADE O VELA ORSLVDpq(y LARADENI,
~ ERONT NEVNIKAS

TEMN SUTENT A oaadwl  (/ 6/ =
— 2

ROZDELENMIE  RO2DE\ENIE
PRCHODV 0D C-opoy

TO, 00 SA SWiNA : PoTET LAMNZNIKOV
V MSTENE ...

DA' 54 T0 APUKOVAT A NA DAT. ITRuKI RACH
“2DROBNOSM » WD, FARK. PROCEIT $6 Sroaimdn SasoN

kN INE e (L) ik Prmovzens,

n ) . k+\\ _  n!
h2Zk (k) hlnﬂ (" : e

Py (q+b)~m.o() I )

g~
Boncwy KOBFR( CIENT
pERINAE (1) Ponocoy (x)




TENMD PRISTUP SA OPrAT, KEp UVADENE
ORCONEXDE PREDPOLWAD! : keN, , nelR

BINONIced  RAD : (1+x)"= Z:._’O (Q)xk
KoE x € (-1, A\ .

> M0E OMECNG  BIN. KOEF. ('i\ kelN,, nelR

DA" A WA, e (E) SURULL) -;-(’\-k*'ﬂ

k
ek (77 = H\LH) = (

VO VAEORE(NOSN :
("\ \ - ‘(_:h) ("’0"\) ~-- (-”- k+«) =
k, - k)

= () r(h+ﬂ)--.(h.+k-'\\ = () ("‘”‘“'\)

ko 8

Tzv. WPoRat  (NECATWAR) BIN. KOEFILIENT.

NEATWE RINONIKE RO2DEENIE

Xoo X, -~ e A (r), nane re—l\l'

P()(:k\ =V POyIVPNDIN (X,,.,,(Xk)
NASTAL JJPE(,H r ~kRA(T, ><k 1.

Pt PUX sker)s (M) (r)

e e
=

ﬁ




Ll/q
NITIN 018 PRAVDEPODOBNOSTIN ANKRA  4LLORITTY(

™ P(X=k#r) =z (1) (‘[) o (1-p)

Smrunpowy Efste 1. pruMy

(&), nkelN,

~ [2] JE DEFINOVANE ROMNOLITOU :

X (x-A) -+ (X -n4) = 8:-:6 [N H\""‘ wk

[3] <0 (svagf rOROVIAT PRISLUSNE
[n)-,l KOEF1 AERT™ )

e

(71 () 710 pee k>n

prRe x=A : O = Z'Lo ":] (J\Y‘"‘
U COCTIED by 0k
ARSI ELE

4 (1) = 2?:0 3(3-1) - (‘Jonm) Py =

~ o h-k . -

= 35 L 1N " 3 s

= T )5 3y ) B




SPrRuntore ss L. DRUHY

vy mkelNs

oer. RoWogroy X" = T () x (ea) . x-kad)
~ Z:zo <:> k‘ ’\:\

Gy 0, GO, Gy, D=0 e by

murer - EXT = UG KT (4) a

p—

[2].-. POCET PERNUTA C(| , KT ™MV k CiKloly

<2> .. POTET ROUUADOV N-PRIXOVEY MNOANT
Do k WEPRANZDN1GH DTQUnUN{oq TRIED .
(nERo2L{NMECRrbem |




4 0%.41. 200 We
/5 PeTer CErno

NTINORR PRaADEP. 4Naliza ALLORITN]
HMLADANIIE MAXING Vv A‘H“‘/Ah

A. read n _Ax
2. k= ) _ Ax
3.om= A o Q”n "Jﬂ X
Ll. k:= k"'"_,_ . NnX
.13 k>n . hx
" Ehen goto 10 1 %
10§ mBSA ) x
8. then gqobo 4_ [n-y-mn] x
3. clie st gobo J. . _ M X (',,‘:3?,: M'EM“)
0. print m A &
rlm = L +Rny PN,
"Ma E NANODMVA VEUTINA
Mo =0 ... mxinun 3 A
Mn=n-q ... 20TRIEDENA’ PogTy eNOIT

BUDENE PodmAT EN,

ET, = ’(”’Dnv‘ﬁ,E”n

PREDPOKILAD @ Ay, --, As dE NatodNA’
Perwrdcia QYSEC Ay by

= VIE TEORA Rekorpoy V TEQRI rraw,




EMy = Zuh:\é) LP(Ma=i)

CNENE  seof™AT PLanl)

PERNUTACIE §1 Ro2DEUNE DO DVOCH SKUPIN :

(1) FERNUTAGE, K. "y naxingn N KON C |
™o 3 (m))

S P(Apzn) - (- _ 4

2A TE)ND PoOD mENk'v': ZRE:nE PLaTY
Maz Nna +1,

Do POzi | Anzn )z P(Raq 4= 1) 2
= P(Mye = 1-1).

(2) OSTATNE' rernuTA'CE ... 3E ey nl- (1) ]2

= (-N! (n-4).
P(Aydn) = '-";1- . Zrong v MKIn PROPADE :

,M'):.Mh-‘l ) . '
N, P(Mp=il Antn) = P(M,, =i)

VETA O UPLNE) PRAWEPODODNO)TY NAR DAUA :
P(Masi) = P(Mzc JAwan ) P(Azh) +
S P (M iq)E o+ P(Mp, =) B

N

()




2fe O 4. 2000

NTIN DA PRAVD. ANm{zA ALLORITN

: N i V)°1 fZ ¥
BEKUREV) P = n b ¥ Pu-q 1 1)
OKRAXOVE  PODIENKA,
{ A = 0
Pt = 0 INaK
~ _ 4 n2 4
rﬂ.O = n
RIESENIE PONOCOV  WTVARAIY CE) FUNKLIE ¢
Gh (Z\ Z(~O n{ Z‘ .. V. F(A. Mn
z (¥) PO V“t'\lA.SOBENt z‘ x shan J oy
S
~ Z'Z" Puii 2' - Ztn CRRREESE V’T’\j 84‘2\ Fra,i 2
" \ 2z i~ h-
\("'“ P 2" 2 n Z"iZA Pray 1ot £ ' ?ﬁ&"?i Ty, ¢ 2
Vam 7 L Y ~ \ — -
l . ZCzo Faa, & 2! | L
. 1 i)-

G (2) %/ = 6, @)+ 1“‘.'1 [.G“,.‘(Z\)({QJ

Gn(2) = Zih-d (m(z),‘ Gy(2)= pq=1

n

P —————
T ————",




< &0 (h)

r 'S
SNRUNGOVE ofsts 1. DPRUHu:
h! (x): o Ay [?]x‘
X iz -2 *> ()2 P [T)E >
C‘"M Zn M/VY([ ]Z' ) PRETOZE [3]:0

N, G (Z\ , uo m]z

S P Lim]

n
= [“,‘] ) PoCET PEROUTA’(_.NI,

ke NneE M, =i ("O'CET' PRIEGETNY ¢y
Maxan )




3 04.41.2001 U
) Perer CerNO

}_\ITND'!@ PrRaVD. ANALIRA  ALGORITNY

; [.*
Enn: Zh":) ('rnt = G-o . ‘n:]

[2)=0, U] =i\t Z0, [ ]em
DAEY ¢ CCD[Q](‘(): L::z] Euo[h k‘

Ems A ACIHE

& i
2511~ AERTT)

ma-..\zmn :

~ 2L ) e [ |
=T [ g = Tl &AL
= ' H,

= EMaz=Ho-A &ty

ETh = 4+Bntp(H,-1) = O(n+tnn)




Ehn - G.:\ (/n

bn (2) = 2201 Gpa (2 Gy(2)< 4

n
Cn(2) = 7 6ng(2) + 220 (1 (2)
n= L4 G (1), =0 .
= Emn,-= %J-Enw , EfM,=0
= Ef, - %",‘1‘4* +%: H, -1
DALSI 3$PSSop
G'\ (z):l‘:‘-‘ Gn—\ (z\

—
ovwine ave Q,(2) ...

Heabdne NV, X § MTWRAS U Faiou, 0, ()
:> n" - X’\ + ﬁu-‘\
A obma: BN,z RX, +EN,, .

ZRENE Xn v AL (), P(xa=1) 2]
= EMN = %*Enh-'\ = .. = H,‘~4




/s

44.11. 2009
l\lﬂw@ PRAVD. ANBLIZA ALLORITHY

Perer GERNIO

™ Q0 VwZ2IENE & NEZAVISLOIT Xa 4 May
= PoOTANE  Ro2PTYL M,

var M, = var Xn + var May

I

> var M, = 5,;~21+-;%~(~1;-‘1+.-
St Ao T B - (H® )
:HV\‘HE‘L\

uua.?::?," i Ly

k=1 kX T
~Z Var M” = O((" h)

2 var Th . PZVarm., = O(en n)"

let\ LP‘
H"
n > lin

PRE r 7 A H:ﬂ

KONVER (ADE
PRE r=0m KU

VIENE OKONCA SPOTAT PRE hsoo




SELECTION SORT
TRIEDENIE EXRAKCIOV NININPA

Sor i < 1 to n-{ do
NAD) a[L'\ Ako NINInVN 2 [qu],m,«[n]}
vine qUil © qlk]
Sor i & 1 to n-1 do
k & i ; X €< ali] A
for 14i¢4 &on do
iy al3l< x then kej, x¢al3]
alk)] ¢ a ], ali] € x

ZLODMNT  TRIEDIALICH  ALGORITHOY S NERIA
POTION  POROVNA NI

TO , KDE ALc. NOtE Tac wdxmur S ~
PREP{SANIM  PRENENNM CH (Mo N7PR x, k.. )

\\).\==.OC.F0651- PREPGANIA X WO vuu’NikNm CIU(E
2A CECT WrolET

| Yn - ZI':‘U Enc .

7




04.41.2009 e
S-/5 - Perer. CERNO

NTINDOTR  Pravp. ANaLT28  ALGOR(TNG

HCADAN  MININUN v CELE) PERN. E )
A
P(altl=m) =% Vm=1,..n

KES 3E al1] =1, rovonn Yy =O

KED JE  4[1]=wm>1, roron 84 x
PREPIIE | ALE 188  PRVKADY, ¢ HODNOTAN
LWl -, mog

PRVKY S m 1O NEO VPOIWI( D NECHADE lcH,

V. TakonTy: PRIPADE :

w3 2;‘\27_ (14 Yy

5 h Tn < :u'z (4 U Yh-'\) = h-1 ¥ C::zz Y“‘“‘
f(“*"\) Ym‘\ ~ h+ 8::1 YM-')

Yo

Ob{Iran
(W*'\\\fqp\ ~ h\fn < 4 + Yh

U - A
qu \_Tﬂ+Y"

:-7 Yn+1 - Hh«n

—




A/ M.11.200) W
4 Ferer. CerNO
L NTINNOMR  PRAvDEP. ANACTA ALGORIMS

INVERIA v PERAUTATC
= (4., an) € 9
N—VE-@ZZV_’; (q"%) t O ay, i<3

INVERAA Tagucih T,z (i 4y
G2 # PRUGOY PRED G

PR

ED P X O witiy . 1
D6 XA

PRED 3 Ir 1 vAlY . ;ﬁ’,c
MED 4 9e 1 vy }'ngg'
~Red 1Y e - 3 9:5-: 3.6
LI R
MEd 4 & | Wiy - 1 4,5,3,2,(, 4
G- M eUDNG, O g
55U NEAYE PUs= k) s A, ¥ke0,., g
= T g

-

> ;DRU?NA" DIST. T\ G"tq,,;,i.. (zt ) == Zn\ -
= Z::l...z:..:o-'zz‘-- 2:, P( i1= \‘1 '."’l Ly = k"\ :




zrenE Pizky .- 1, = l(\’

(vaAvorNE sEDND 20D Ko&a}ouﬁucw NEDY
PERN. A4 14 ™NV. TARUIKANI )

(z,, 2..\ iz, n<1"1---

-. le h-1
Z w2 G =Y G ()
kaz0 -
> NEUWSLOST Ny, G- iy . 2
PRIkLAD: 3,2, % .. © =0

iy Mo +1 = Poley NUL V  INVERINE) TARJLKE ‘
1 kb 1920
3= {

O kv iy #0
F(X 4) P(‘q O) n Q+1
Mo +1 = h X:}

> £(n, +4) T3 EXg = Zmu»
z’ka‘: Hy

7 EM,= Ho-1

Hn

0”




9 MN.M. QOOch‘
/‘1 Pener  CERNO

NTINQA PRAVD. ANALT  ALGORITNS

var My 2 vor (M) = var (23, %;)=

[ZNI h3+1] I.Z' (h 3+1).]:
= H,- H®

= n ‘- ‘
~Ln = 2y GG = CEWovY polr muerall v FERN.
ALG. INSERTYON SORT-
or (=2 o n do

FRUOK &[] 2aR4DIN DO VT ZOTRIEDENGEY
PgTURNDSTY Q4 [1 ... (4] .

2o sT O(n + MOCET INVE(ZH')
AEOTE OLijing =) OLT, LTy s
le l(\ (L) < O(h")

N

D e e Y

CHCENE -3roQDtay E I,

""Wﬁ PERD NMe S""‘l .- Ih_,,
CH(ENn PRIDAT PRWOK ®w DO T7 [h Doﬁtoh‘”

‘N

A
In= { L v D n mridn e wonme , ped
Tn +1 :

I'h'\ 1 (" < ‘\




I, Lo, + Xa, XoE Xy O N
POzk )2 me k<O, et
= Ih: -3;1 Xj |
EL = &35 EXy = T, Q:zi = 302,'4.) =
var 1,= Z%:. vay X3 :Z“j:, I .

(2)

’\Hé

A

= '?ll((z';-' iﬂ - h\ = fi[%h(hn)(%m\ -hj:
(n-A)n (2n+5)  _ |
= = 0(n?)

SHELLSORT (1459)

VaTVF  ROZDELIN NA |
@ 1 PRWQ NA NEPARNGy Podlciacy R Inuerrlow-
L. —h—  PARNICH PozictH  L3)  TINcERT SorT

Q)Ng  VUEMK  APUKDEN  NGERT SorT
o oy 3 ()4 (LA, 1) om

TERAZ MWNE  srolfrar  OCAAVANT
PoCET IVER2I v CEE) PoyT, NA

22OWTHY DRVHE) TFAZ4

|

i




M. 11.2003 Ve
z ’ PeTer. Cernio
NTINO1E  PRAM. Anala2a ALpormY

R 7O T P oY U % 1. 9. 10,

PRIGAAD: 1,3, G 4 005, 9,3, M, 4s

INVERZIE NO2U NASTAT
ROUNMUH PARIT

(3:2), (b)), (635, (8,8, (43), (33), (M1g)

IB4  Na rofciacy

st PolimaT

INVERUIE K PRACON, KT,
SU N NEP.
Po2LACH

"
Cesra 2 (00) ps (M2, L27])
k-T1 WRok DIPRAVA  KES k JE NA NEP. NIESTE
— I —  HORE g

PARNION MiB 4TI
KES 2Fivwen dsew (1,3) o Litr, 3)
ZowoVEA v Tisco U+3+1
INVERDI D& TAn |i-3]

/ .
\FLO 14344 OE v PEaWTAtn N Porfcnt
RAZDIEL HOONOTY 54 A IJENe PORICIE OF

PRAVE POCET NVERLI ToHOTO Efsta

2i]




OCAUAVANT  FODET INyERR DK
;.'Z} li-3] P (cesma rrecuos UsEuon
() » () )
TATO FRAVWEPRODOBNOST 4 PODTA AKp FODIEL
Vcam 2 (o.O)Do lid) X 2 W\.a‘) po ], 12) ) _

( ) ‘ )
() ('[»P; )
(')

Q OlAKAVANY polET N,
P]Lil

(L ) -oél'—él:.(.:j\) (NL%is?;ﬂ) R
CINAENE A0 A, .
Mo v 2. ~NaE
- iy [TFUY (- 1-3-1 PREHoD/
A 2200 (! ”2 "
- H'J M - _ A
+Z, jzrbfz) ('] )( M'.;-,O E ,;.;:vnfnﬁ

=28 () (B[ (ML) 4 (190

M =31




11.11.200) Ue
B Y Perer. CERNIO

NTIN 013 FPrave. ANALI2A ALLORTNING

= Bd ) () (M) s

VASLEDOK E m FOPORNE
/*AZHM - _Q'M .L}"P1
:..7 An= LA J Q-h‘z
A

o€Aaduand  malET INVERUN E (L"n_\ ~ 0,457 n't

-

Ronowol STRUNGoVE, ForNWLE

k) J’-"k(nk) \ )(

y S v A
n ™ " e
W) e ) )
\—-———-\’__ Jl——Y;w 4 » )
H.. 2% 9_?.




/ A4. n W09 We
/4 ngo
_MHN R PRAWEP. ANALIZA  ALGORTI

SMCELL 3ORT

O 0 0 O o 00 0O OO

ooy
o © o]

o o IK) .?'a Q(g)”z

LR ARRAR2RRAAR 9 912
SARRARKARRR R G222 2 0

Ty D =

2
n

sfL 0 Z o (&) = O(nn)

PRIBSTROVA' sEXVENCA by b .. b
=1, he < on -—

PRE  KLAMIC(KY SHE(LLUSORT 3E T0:
~ 4228 %<

PRE nz40 * 1,2 "'8

1. FAZA : o <« Oy , O a,
2L.FAZA: Q, & Os €7 4y | H© & q,
NiEwEDy 4 BErig ¢ 4, ..., L3l L3l
T). PRE h:AO ’ 4' 2; 5 )




UVADDNE  POSTUPNIOST n PRUKOV

POLoVicu  NENJTtH pANE NA NEMRNE  PORiUE
PoLOVILU VAT Gy MIDE WA PARNE  Poftic
UES CHCEN ATMEDI (-TT Z TYey NANENGCH,
T TEN ¢4 NoGidbaa Na PO2(tn 451

AB1 sa4 PETAL NA fPo2fay ¢ Nysibe

VIKONAT™ (-1 rotuNoy  DOPREDV ~

ZATRIEDIT NENJE PRIKY ARERIE TAj -

it (1) = O)

Udre  Priraswong  SExvENCI - LL: 2"1'1

> DOSTANENE  RAsow) uodrolr HireAry (492)
O v NOHEDON rripasE |

(12824 |,
6 A INE PRIRACTKOUE  SERVENCIE: - SEPEWI M

h, = Q-Q“-.ﬂ.?."fﬁ 5 NASHORSY PRIRAY :
hy = L1 +2 2% 4/ O(»"/’)

NAIRY (U TY SHELL.SORf VINMREL PRATT O(n Qog‘n)
hig =9l 3 (v PraX) 38 NEROVEIVA )
POTUPNE PREHAPANE & A Tk, ARy 147=D,4
> 1,413, 2 2-3,31/.23/ 9}'3)'2'31'31/
V IADEY FAZE TORONANE I KADY PRVOK ¢ PREDCH.

‘..Q




{§.11.2009 We |
2/L1

Bsrer CERNO
NTINOAR PrAD. ANALTRA ALLORIT
4 FA/ZA L Q., qu-l.’, .
e Bty o b Postupno s
qL, qtl., )

CELkon b rosturNOST | kaZbA' plae B
kAT TRIEDID )Nsumow JORTON
" oCAkAMN  rolEr INvERzn v 1 PosTuPNOsm
JE 71_("{5«) >  CEov? roter (oC):
(py - 2 RGN 2
2 ‘lh

Pls-

OT. 202057
1. FA2

2. FA2A © INVERIE NGV BT 1pa NED2
PRVKAN | RONMCH POYTUPNOSTY

"VE2NEN  WETKT DWOONE ¢ T4 YE (h)
OTAAYANY  POTET WNverRul I

(2) . POTET invERy( v POSTVPNOSTY  KToRa’
: - VE TVORENA’  JEDNOY owmou

M by 2.7 .. A

(ln/h-
n/h A -1
AZQ_ h n 2 Wk -
CHeene S”O'C{TAT':- h b_ - ( ) h —
e




h
DO TTANIENE (L) ry/ T2 04 A
= 2
4+ 3
g _"?_ ln" nr.
Z‘:‘)i(T'OST. ?.. F’(‘Z.E ~
nl im . % 3
E N — =
cekon: -+ it Fh)

PR AE h  NADORYDY PiNinun
o &(“'J‘) - nt 4 AV % A

b D TRRTZAN S0 /e
“bnl + Ir )% - ()
< K,




18.44.2003 We
K/Lp PETR  Ciriug

NTINOIR PRAVD. ANALIZA ALGORTIY

rRe 1,9, h ¢ Ko (1393
Kes avoune 9= O(n™) h=0(1"%)
> ot.&y Q")

Jiang, Li, Vi (19%9)

~ OTAHANA 20810l p~ STWOVEHD  (HELoRTY
& -D-(Pln”?) e V¥ p¢ (°9 h

PRE p-= (°') h  POSlHNENE -(). ("{°7 h) N

QUICKSom- ®iepiNe  Te §,

T(h) = 1+ n+ T(kq)+T - 1()

PIVT ™ HosnoTv L

m

NAHORSS TAY :

T =1+ n +Tk1) ... O(?)
OlAka\ang Tas :

ET(n) = 3 L, (140 + ET(k1) + ET(n~k)) =
= {+n ¢ %\Z,EME'T&-/\) + 430 ET(m-k) <
= Tna SIVET(kN)  /in




n ETO) = (14n)n +?.Ck ET(k)
O ET(m) 2 (24) () + 9 koo ET(L)
Uf’l)ET(uﬂ\ -nkETM) = (h*Z)(nM)~(‘1+1) h t
| + LET(n)

ET (h1) = :{%- ET(n) +2

ET() = ZZ{,_L ;H,: = 2("*”)(”%1‘%)

FREroE ET(0) = ET(1)= 0
=) ETl) ~ "htogn

ROZETML  QUICSORTU JE w ht

INy SPOSOR :
ET(h) = ht + 2 ﬂ,,f 'ETL)

FRE POITVPNIOST (o, (a1 =o=
bEFNwENE (()= 3,5 2"

LVAWNE ¢y ET(N) .




' 1 .14. |
H/ y PETTZ‘IK%()E(I?WM

NTIN QAL PrRAVD. ANAMA ALGORITNG

" A h
Ch= hefy n Z‘JL=1CL-1

hC, = h (heq) + 2 Z,:,' Ciq
hc,2"= n (lm\ " + 1 Q:q Ceq 2"

;k h2"z 2 h(n1)2" 4 Q_th’,,:‘ Choy 2"

C(Z) — r:a G 27
Q'Lz) =270 N g, 2™

Ca 0 -
D22 (Z::d zn“) Y (Zn:a (”*”Z") S

o 8:‘ (mq\n.z"“

- " 9t (2 \=- 2=
Y g (eIn2’ = Z'b?(‘i-z)‘ (1-z)’




23 M.200) We
% PeTer CeErn

NTINO13 PRavDEPObOMN ST AALTA  ALL.

DOPisAT POZMATWY Z  £5.41.200) PRYSoq JOMin.
RIESENIE DIF. ROWICE

'+ alx)y = L G)

honotEnna ROWNIA @ Y'+ab)y = (O

=7 %({'- z-alxy $ 89'-3:- Ja () Ax

Yo

METIMA  VARACE  KONSMANT
epr, ZE vz Qe damdx | woe Q)
NUSINE  DOPeTITAT .
(' Q) M | Q6 abye
DotADbNE Do '+al)y = b -(?‘o:m
~ Qlx) e~ Je Gt _ 0 (x) doeye ** “+
¥ alx) OfK) e~Ta0 | | ()
S g e 1 g
' Q,'(Y3= b(x) cSu(xidA
5 a{x)dx
Qh) = §Lix) ¢ dx

e T

A(x)d
= ys Q~Sa(x84x jt(x)cs M

ey




t'taf) Y= L(x)
:>' V= e Iq.(X) dlx J L(X)QIQO‘)AX dx

( Z NMNILED \

12 - 22 22 s S«
ZC( )\TZ)"-.."'Z‘— (() PREDNASK
C'(2) = gy * s Co)
NP S A
l@) -ak)

NASkOR sPODTANE -[adz = f £ d‘ - Q"‘Uvz.)‘

-Ja@d: 4
=) ¢ = (1-2)

> C(l)""" [y 1) s

v
5 et (1~Z)’-

C.v\ ~ C“-(-w 0 . | ‘

.. PROBEPATUKE UroCivay |

-2)3

4
W

~
= PR
N
—
P
|
V
-
U 'S
3|
. \-—/‘-
l.l
e
=
N
V-
|

/
£
3
.
N_
/
(>
4
-
N




A 25.11.2003 we

Perer CERNO
NTINO 1§ Pravp. AnaLI2a  ALGORITG
o« zfl
A _ -
U = ST (1-2) = J5q 7

= (@)= -—-Z',_oc *2,3 , -zv =
= 1 Zt-o‘z 3.—;4 ETh
AR)  RG)
ZZ';‘L (o ai m ) 2" =
Lo (Ll ()L ) 2" =

yi Z’In-o (z ":o (hM'ZM(kM) 2N =

L= 223 () (th(,m-&))zn _
= Zimp 2(n11) (Hm -4)

f\

/1

M

J 1




KES BERENE PIVOT = NEDILN Z'%
> zneni s P Pwer = k)
Ako VIBRAT™ J PRVKY 2 n Tay,
2 NEDAN = k2
P(P'WTtk\: Sk-l) (h-k)
| (3)
PROBEN : ™70 PRAVDEFODODNGST NENSI=nE
VITKNUT, PRETODE 08SAMWE k

~

- <1n (k) (k) [ '
ET, = ‘{',,q (?)" (n+4 +ET,, +ET,:_,‘)

»WODE ROWICA :

wiey o 2, g O
O ayp e -

A DA A sPoQ AT

= (1 -3
Cy @m’l)“"w T

s c————
———




Y L5 M. 2003 We
> Perer. Cernvo

NTINO1E Pravd. AnaLizn ALGORMTAD

MERGESORT T,z 2T, +n, T, =0
h=2%
Cox T 2 Cu=20 424 /. 2* B,
iy @zt = 223, g 2 4

+ 2z 2"2“
Clz) = 22 C()+

2
Clz) = ( 1-22)* :) Cue = sz;(o,n ‘n

/
Gy (=) :81::0 flz" ZHRNUDE WTV, FCiN- Ny,

) rk:'gﬁ@

k1 |
A(‘t(r)‘% Gx(z)‘:ﬁ-fpz', 1=1-p
Bi (7n): G le)= (aeraY
Roiss (M) bx ()= e (z-1)
VIPoTET NoNENTOV
ROZDELENIE 39TV NEZ. N.V.

f\

2.




XY NEAWSE, Z=X+Y, p=P(y=n), ‘lvﬁP(‘)’:n)
P(Z L) Zthﬂ.LP(X" Y=m) =
b Znu.-k To- Im = Zj:o rf] 1'&-3 e nm 20
Gx (=) GY(z) 2, 12" zu W2 =
= Zin Z!-.. Fo Qm < 2"
- Z':-o(za:. Ba“b-q)zk ~

¢ X, + .. +XN , X¢ b~ G, N ~ &N
— GX.+---+x (=)= Gn (G(z\)

ZNES ROZDEEN/ Yo, . POG: k)= Pnk
Y- P(Y:1)= g:o “n fak, 4n20,3d=A
Gy ()= =Z, 2" = akgn‘éh Ri 2t 3 B
= Zo Gt 2 = ot By, )
NEZANSLOST

Gy (2uz) = Ox (=) Gy (=)
LIN)™NE RODELENIE ,{
(D) PO >
PRE P': % ) N O




4/ 02 122009 We
3 PETER CerNo

NTINO18 FravberovopnosTl ANACTRA ALGORMND

RANDONIZOWANY  OVICKSORT

3/_3”"( 1, 2! :’" sl 8,6

13,1, 1 RIS

VIENE URDI, KMRE PRUCT 14 §  KngRYm POROUMNAU
“AJ A PoROVAY ) KD V JTRODE IE
JEPEN 2 N(tH PREDOK DRUKENo

Xi5 NAHOONA EUTNA - {4 "Nﬁi 34 PoRoWimal

POTET foROVNANI : 37, 3T X3

OC. poleT POR%\_IU\N\’ : CZ’. EXij

EX.‘;-] T P(X.‘{,:n:: i3




WTVORNE  PostuPNoIT PRENC. Do SlRicy: |
n:(ql ?'o L. 4n3,50?o 1,3) = @
{ A j A PORO\MVHDJ @7 @1 S h

( AERO 49 A V T VIIKNTUIE 3koR
NEZ e €, me ke 1< L <3

Py = P(t 3 v m Ao rriE

Z  PRVXoV (,t+'1,...,{7\ 4+ R
P(3 —n— )
. g A__
J-i¥4
. nn A L
“> 2{2::;1,?;5-'_’_1 = Qth

EARDENIE CRATOV

3 ..
A L k= PoCET FARER = 3

W JE To NP- UPUGY fROBL.
Yo Yy

kRok O : VE2NENE PRAZDNN PODCRAF
S PRA2DNMN .OKA-RBENI’H S KReS) SRenv R




02.12.1009 We
1/ g\ Perer (NG

NTINOAT  PrayDEPodORNOSII AN, ALEORITTY

KROKQ - GRAF TVOREN VR WowoN 4

R &— KOREN = PRAZBNE

/\\os«ao =

a L C WRMHOL ‘(
N

nc ba }L ca c\ Wwuwotr 1,2
)\ ANE

aka cbe aca acb

VvrRaow 4,2,3
abac acal — - C brooey WUNY
Kok 2 : Wootr 4,9
kRok 1 : Wwreqorp 4 2,3
fRoK 4t VRMMoL 4 %3, ¢ abactk
KRow § @ —I— 4.5 = acq Le

TENTO $1%0N PREHCADAVANE Do MUY
— - BAKTRAUK I -

2LoTN08T JE UNERNA PoQly WR(Mole\y V SRoNE
NOHPENST sTRon - tRE UPINT  CRAR

A 1+ K+ K(K) 4 KK (k-2 + -
K e ¥ondmm 2 0(1)




NAJHOREY PRIPAD : KOPRETNE WESSVIILYY GRAE

v+ K+ K+ ---*K", n= POCET WeHOLoV
= EXPONENCALY 220To\T

I

n

¢ ( ~ )
DA 34 vikkaar, VIXU')‘ 2(14¢) toy n
KDE € JE ANl Husrora R - 2]

VE2OWNE &) L-W Huabigy stonu
-+ ZODPoVEDA OFarBeNun H (£)
koe Hl(6) ouwdwne CLi4y - 1]

B(G) ... POET WRCHOLOV V 17mone  OFaRREN(

Kl £R(6) <z K"
En = Bz 5 B(c).2

6< Ch
I:Ehm4 : Neq C > N0 2 Kt Moo
OFARSENI A‘Bmm 42, .., L
K Farsan) .

Ozutne O(L) Poer tarov
s L VRtslnl, Prg KT, e C
SPRAWNE.  OFARRENJE .




02.42.2009 W,
3/3 PETER CERNOC

NTINOAY Praw. anatizn ALcor)mg

B 2 A
Poron Q(L) ¢ 2% (1-k) /2
DOKAZ : OFARBEW'C ROWELWE wWtHOL1 Do k Truep

VELKOSTY 34, -.., Of .
OFARBENIE JE SPRAWE, KED Hrahf vEDY
lga NED2V RO2WAMN| TRIEDAN) .

‘ »n »n
Aoy PolET wRAN ) Si Sy {(;8 . )
s¢iek ) =

-y A .
= (g ),
PoG.r GRATQY JE TED4 2

CHCENE ODHADNYT ZHoRA , n.
CHCENRE  ©ObMADNIUYT Z.q it ZboA

Minnun & 3|:E Yi
h:’}. L 2"1('}‘ K’l%i)

z( t“at-q \

"
Lenna 2 : Neoyw P(K.G) 2 roCer
"sPRAMNIH " OFARBENI GRaFu (- K Farean)

A NE M (k)= Zeeg, P(K/G) .
Mc(K) € Kt 922C (-1

DokAZ. VEwnnE  §) OPAT (  OFARBENIE
L vrReyowv K FaRRAMY,




ked C X sreawie of. G

£(¢,6) = {0 Ak
M(K) = Dgeg PLKE)= Tpeg, T 3(46) =
= gé&. §(c6) £ 2 e (éc"-&((.(r\')
£ K- Q) .

u|
B, = Q‘(z\ 2‘“% R(c) =
=¥ Teq, Tl P(K, HLO)) =

7-(2) 2,5 SHESine hee = W1 P(Kk, H\

POCET  (RaFoy € gn ORWm\f uy L wwouu{ -
ropear 28 2@)-(2) |

‘

D-(2)
- -(I\ZLzo ZHG P(_k: ) (ln |
"'(1.) (K
= 2l 2 ..@"“‘ P(K, 9
L ZL-OZ( KL L"("-
-2 K‘*Zzl & 2 Z’,‘“ K- 2‘2 = - h(K)¢ =
= =0

h(3)= 193
= Byt hiK) D Ras D(‘\\ a h() 2355000




09.42.2009 We
1/3 PETER CERN()Q

NTINOIS  Pravp. Aatiza ALsorimy

TRANATIWNT  vzAVER GraFoy (A REFLEXTIAY)

G=(VE) — 6*=(%E¥)
E*- {(U,V) | Ju Mle
(uu) e B

~G OE ORENTWVANY  REPREZENTOVMANY
ZO2WNoN  NASLEDN oV
PREDPOIADATE, ZX G 3 ACWUtky 2
P TOPOLOGIIKE  VSPORADANIE

outlv) = 202un Mretnlor = {wel - (Mw)eE |
- PREDPOKLADATE, 2% 0K zZOoTRiEpEN \ZosruPNE
out*(v) = TRawuTINT A REFL VUAMER v

oul™(\) = TRayziinng RepUKT < v : ;;w
tWeout (v) 1 13p: vappw Pl 2 ]

Oqt(v) - ( Wq ( W]_ << ’.’I }
sut (V) = vl v out*(w) ..y oyt (w),




w; ¢ out"d (v) <& W eout*(w,) uwout*(w._, )
<:>'0qt* (w) < out*(wy) v---v out* (wiey)

outred (v) = { w;eout(v) :
w, ¢ out¥ (W) u---u ouf (wy) !

ALGORITYS V=112, ..., n} < TE"

USrormpAn<
Sor v=n downbe 4 do
out ¥ (v):= {v) BITViECToR
out™ (v):= & NTVECTOR .
§0r. weout(v) do Q/u;!)&m!con Pora )
LA out*(v) then / BrrVEc‘m': SFDAY

15-'3?:”1 V) = outt () b out¥(v)
| dw-treo‘ (V) ~ out“d(v) V) {W} o)
endi}
enJ do | D(ﬂ
FREVOD BITECIORY NA SPoaK

Uw[al o

Casom’ 2T ¢ [E™ |4 Oln) + O(m)
NAYHORIY PRIPAD : E"“) = O ()
PRIENERNM PRIPAD @ E (lE""l O toy n)

OCHIAUANT  Ths (')(n toy n) .




2 OV . 0T We
A PETER CeRNO
NTINOAR  Pravo. ANaLi2A ALLORITRU |

G"'P . n= POCET VRCHOLOV , P < PR. HRANY

o e e
Vi X (6) = {2) ::iék(me_s:

ZX3 (6 = | out™ (»
J

EFH0) = FER A K>
- ? PLuqeEr). i T PRE KAZbee
i<h<3

PLGAIeE™) £ i i, keno hss
FT1 51 70 ZEDNomdine N4 : Bup (I 4E, -

L P((tmeE& Wh: idh¢y

T ws (i W4E, Ammo (hg)4E )<

- ”(W’GE) T [Pt ¢E )+ P(MaI4E)-
- L(‘»(Q

“P(()QE & (b)) ¢E) ] =

. F‘H'a[4r+(1 PY~ (1-p)* 1=

- R ')- - 1 - 9~ (-1
= P oidng (PR OCF)




CEXy 2 pO-pyTTN iy
Zl iy T (A0 2)371-1 ¢

h-4 __~q_”"\
Azn'lr(qr)j r’(:zr) 1- (1Y

I

|-

4-(1 Pz)n-i- . n-1 (M) 1) PQL_
e VP = (5 ()

=4 () p-Y ¢ ~
S L‘\)P ¥ (3 \)T‘- +"(~1)”‘4r2(”'4)

o |

KADA TAATO pusyor £ 0
) 4~M~P‘Y’ £ npt D —11 np<ﬁ.~ﬁ

()™ < P [
A - k-1
n 'l'

. "‘))-r () (e

1)<
< F& Um & 1)<0




] 03.42.2003we
% 3 Peter Cerno

NTINOAR PRAVD. ANALIZA ALOORIT

DOPISAT PostEDNMCH 20 wminy

=~ Vi E( lout™ (i)])¢ In
= E(IE™) £ i
= of. Cas Alorimu £ ni, = h A .

S
S ———",

IN"‘ ODNAD :

() Weollmane (OoMaonene) B h°) koe
Bt = Lot (M, )|
(2) ObwbinE (A POVDNENE) VaTAH

B L (nEar)

) KDE ann“ -)m"'w‘('\) L(’n,r)|

B) zfsxane oPHap E |E™) < n E gred

o e, Y oo Darkowysky ReAREC
30 31AM) - PoTY VRWHolo|, Vv PrIS(. ?’,*

P(oa"=Cl g% = 1) = P (Exsve weout*(1)
(Gt )t (wv)€EE) = 1= P ( ¥veoet* (1) oy r):
wn¢E\w~Mﬂ“

P(AA%=0 ) o=t) = (4- r)




rn,( - 13(9'»*:() = F(?’,,*zf ,?»:= ("1)~
P#s=01) + Plor=¢] =) F(25=0)

f0 DOJADEN :

T.,( = (/’ (1- I’) 1) Tn—1.(-1 1 (4")’)( rlo-'l.Q ”?“




| 16.12.2003 We
/% PETER 'CEORMa

NTINOAR PRAUDEPODON. ANALIZA ALLORITIN

P(A* =)= (- U-p) ) PPy 1) +
CNJCVEYS
ommtne R = P(8F =), M= A= (t-p)
D. Fae = Arg Fageq t (-0 )R e wOA
~RE h=f : P, =i
NEeH ¢ 25 REALMA FUNKOA REF. AKQ
¢ (=231
roron me Vn 9E E(¢a*1) = AL
E @M = % 9¢)Pae D
E @) e = 04=0=141 /
SRTCANE AR PRS0 |
(-2e) Pt + At Rogyen] =
= 2.:; Y By = Z00 00 Ny A
S L ( DY P
Fen 20 D Z’L"_-‘ PRy, = E‘(’(a’tﬂ\ = nh-7




T PO Aey Paayeq = l.:;gu*ﬂ YR EN

ﬁ-q,o =0 o pown nEz € ™MIne anEwn- '\: 1

P(e+1) = Zbl:, “;; : ‘P(l)’fj\z

t+ 33 [‘?(C)+i]>\t fas, ¢ ™

A .
A ——— 4 DE NE (4 KL P) &
il "‘_"”"’f (wiEsaaUe s ) fopt4

> [ > —

DA .
=0 T 1-0p)

{ 3-13-1)




16.92.2009 We
2/3 Perer Cerno

NTINQ 1} PravpErODoBMOSTN! ANALTZA ALC.

- ew (1 (1-p)*
+ l"(/,‘("'ﬂ\ l

th (1-p)
¢ Q-9  ml-p) ¥ PP,
Pt (1-p)

r\

¢ g + At[bp]
P

‘ rlap
sTad  LwzAar -
“ & (1-p)

TS LB
2

()

L d
=
-

i

I~
(
<
>

“'U

/

o

=
q
p—

-'

»
7~~~
O
=
-~




> Ep¥Y ne - ”Jr(“'

BALE> (HCENE POKARAT, 2E :
EG™ ) == (h- Eax))

P((i n)EE* - P (EX:SME \ueoq‘c“('l)

TAUE | 2¥ ("’n'\)EE» -
PLlmYeEX) = g2 P () e Y] 2% <L)-
P = IR P (| o )
T = o (1-0-p)) P oz, 1) \

PnYEEr) 2 P((amyer) -

PCVw eouty (1) @ (un)¢ E)= 2
21T P U] o8 ) (8% <L)
=r Za O-p)p(ad =) s

::f‘}_, M(q 4+(4r \P(AJ”’;;()/

= ‘{_L,;" (4 - Zem ("-l1~r)‘)\’(9)’* 2L ))
= PUm)eErd) = oL (4 F(ameEr))

——



16.42.2009 W,
A Perer CERNG

NTIN O] P&Avpzmoocuosmc’ ANALT2A  ALL.

DOUAANY WYAaq PLAT | PRE J=U), .... h

A KEB (1,)eE"
DEF. Xﬁ’{o INAK !

pred= T, X5, Eprde iy, EXy <
= 2'5'1 P(Uy)eE™) <

"2 -7 2 (1- F(U NeE*)) =

- P [ (n-1) - 3;9_ FU"'J\GE*” =

2=
=y Ln- Ewx)

E oy = oL (n-Eo*)

FQE™)) = E (0™ + 9 @)+ .t )

= h——P-—( 1+ ’*Ifnr’):,,/ T+Hltnp)~p _
d e 4 1-p P
'=n(4+ "")




o= l-en) (-pF, (1-p)’ )

:)n(1+ l“Pl),n(1+“P)*1 = 3t

£ (4+1+ | r\) = n Uty ) +2)

E(1E™)) 2 h(!tnmz)
t

() P > (hn => \eur ('(,,L"_ =

_llu(nh-(nh\é Lun

R —————

{nw n
é “
) p ¢ ~

BT £ 1B E(EN ) LE(1R1) ¢ P02 Lo

==
> E('E""“l\ :O(h tos n) | ,
=) 2oy Albor(mu ) (wt (°'3 ")

ZLOUTEN YU ANALT200 SA DA” UKAATF
20drosr ALtoriTU O (n2)




A/ 0¢.01. 2010 We
' Perer Cerno

NTINOR PravPEPoD. MaLizA ALLORITY

P = (1-p)° Frae t U'U‘T\H) Fn-1, ¢4
fﬂ\mﬂ ﬁ4 ~ 4 .
DA SA sroTiTAY, 2% :

P,z (-pY T (U-(-py")  (ndukeon)
5 BB = n-Z3 U= LTS (1w
= Zea TT:;: U“U'P)M) =t On
Pre p= 1 Tk L<t K Otudumwr
posa Vvirottv  ALtoriyy O (). FouZiEe #4:
E(eal) s 5 (h-a) .

')

4@2—,5-’5-,@) o
Sl \ rEm ooy
GA PRIDKAIY

out* (3) = I3} v oqt*(‘l\ OPAKOVANE ...
out® (1) = {2} v out*(y)
out* (1) = {A}.v out(2)y out*(3)




(PREDY. TOP. ySe.) ,
(1) ROZKLAD NA DT IUNKTE RETAAE (HLabOVO)

212395 M 12- 13 ZWAN Y
2,134 8 10 O(Ivi+IE1)
2162739 .

= TOlET RETRCOV J niv, (4) =5 i

MVL (‘n =\ )
(2) NADENE MODNGT niv (v) Wiy (4) =9
HCADANE TR, ARbOKT, O(IE)+g [Ene)) 1 S v

(1) KONSTRUKUA VZAVER Y INDEX RETYAL(A
ou‘t*(V) = U {wezg, )“VZ'N'V-(V)}
L3 v
1294k p

VRUWMOLY  j-TEMO RETAZ LA
cas2c. OQIE™)

Po2oR! Kk A |ET| Wi 1 NEA VU CE




04.01.2 |
Z/H Perex Cog\%

NTINO0AY PravpePoD. AnaLI2A ALLORITHO

ANALYIZOU VTIDE.: .

E(k E™) = O(n PRE ﬂ—- £r<d
= O(w) Na

(Meuo NATT v PongwraARn B NEWoR4 |

r\

HALHOWANIE S LINEARNYN PRIDAVANITY

0 AK  VKLADANE Do  POLUMA
A S h(x)zk, wrore & UZ
2

OtsaDENE, TAK {A
PoIERAhE DO2ADY, AZ NADENE
PRVE WUNE  PoyKO

/\ . | .
M-A E Vbt BUDE Aol 4 woeny Ruabog

M - VEwosr mgucky
N .- PoRer Wodeiey Rukoy
d1 Q'L P o---

r @y --- HASHOWALIE ADRESY VL. PRVKOV
PREDPOKUAD @ YIETKY POSTUPNOSTY
MAH. ApRIES $¢ ROVNAKO IRAVDEPODOBVWE




Cyn - OCAUAVAN  POTET TESTOY
PRI USPESNON v cApAyall’

Cl = ~N= PRI NEUSKDNGON W HOAAUANS
S A N
CN" N k=o Ck

Chnog = OTAKAUANY roder TefMV
INSERTU N-TEMo  PRVIKY

VHSLEDKY : |
o A A\ ke Q3N
C'NNL(Q"’(Q-.L \, PR 2 M
o A V. FAKTOR NARNENIA
oAt

S(M,N) = roCET Hasy. POYTUFN STV -(4I>an1),\
TAKIH, Z& ADRESA 0  SUDE PRAZDAA
P( Aoresy O o Pfu’zbm)= "
=1 - P (Aresa () o€ OBsApEM‘)l' |~ % z
- ‘S(nl N\ o - N
A U EN (RO

e ——————

DEFINMNE ESYE  §(0,0):= 1 |




2 " 06.00.2010 We
/4 PETEX ‘Gssmg

NTINOAY PRAVDEP. anALIA 4Lb0RI1T\0

a (MN, k) = PoRET ¥ wagn. rorrvmion’
TAkfcy, 26  ADRECA ) JE rAZDNA,

ADRESY 4, ..., k $§ owsapeng,
ADRESA k4] OE PRAZDNA

0

'
I, 7ARR k41, k
! //// (let, 1)

k+q
Y11} s[n'k-ﬂ.'\l%)

M-1

> g (MINK)= () §(kn, k) $(M-keq, N~K)

P = P(Pri INsERTeE  (NW)¥EMo Y
POTREBWIEN K+1 FOkusoV ).

T

atl wouns = H MRiraday

“ik‘ ;J.'(-WCNE‘ ol 9(” N, k)
a~ + ° ' [ 4
q-1 ' ﬁk,&‘w O+ 08SADEMA), a+l VOCNA
o) «— RozU(EInE (" N/ k1)
- Tnfmb't pobtq .

S ﬂ _ M\N .(Q(N:N.’f\*b(n'N'k‘”*"'* gU‘).N,N\)




5 Gz 2Ok, Gl alc

ubene poCimar MN Gy = NN Sty (ke Res

= 9 ("\,N,\)) + g(ﬂ.N.ﬂ + ...+ g(n.N.N\ +
1 2%(”0'\’.1\* --‘-+?.ﬁ (N|N|N\ 4

’-\

+(N¥1) 3 (NN -

= Zo By (1) 8 (ONLK) =
YU AN 3 () (k+2) =

= 12N el s (UK + 3 &, G s

ﬁ

SN () a(NINL k) =

= 5(nN0) + o (NINA) + g2 + -+ 3(DNN)
t 4(ANAY + g (Ni2) Y -+ (NN
ra(MiN2)* = +9(DNN)

| oy c.a.(.').N.N\

PR muabok = MVR, |- NN p - WV
 DRUM{ RIabOK = MNP, ‘S-SML" ol Z»Ikzop" ) h/




3 06-01 2010 W
/"i Perer. Cerno

o (NN, ) = (1) $ 001, k) $(7kA N-LY =
- _ )
= (1) (- gy ) e (18 ) (-t
= (V) Get)*' (Peet)™ Y (nenet)
Z\'.,'io (M“s (n,N,L) - Z/\:d:o ('ij )(hﬂm
(kAN (ANt = (%)
BEZ DokA2(: n o
NEed s (nyx, v ) 2 - (k)(x+k) N
(¥-k)"* " (y-n).
JPoron s (nxn) = x (xey) +
ns (h-1, x+4, y-1)

()‘) = S(N' A, M;‘\) '




11.01.2040 We
Ya PETER Cgm:

NTINOI{  PrAvDEPObOBNOITN ANALZA ALG ORI

ODPUSTENE  NA SXUSUV: ) , .
- viERQ WHeoTrt 50 L. QAfeany) U ODrugreny

~ VEDET Srolitar CErrp N DRIEZKE (S'Hsu_vlow)‘
ALE NEFTRERA  DOPOQTAY Do ~ h™2 :

~ OuitksoRr - DIF.ROMICU NETRERA VEDEr RATAT

-~ TRANUT{WN AVER - §Tad 1ga 1. FEDNOBICripr
ANALARA

~ SUVIXY - PO DOMODE CE2 wail
MY = 4 T Gt BMALK) + 155
) g (N L), =MV
.+1
GG I 4 () 6l (g
=5 (N, 4, h-1)
Cs(ny) 2 lse (M(Xﬂ)m (- k)™ (4=n)
s(h, %Y ) T X (x-pﬂ" + hs(“'4, X+, ‘(‘-'ﬁ
> MG - %(ﬂ"' + MM+ Ns (NH,2,0-2)) =
= 2(MMaH 4+ N 2M™ g N 5 (-2, 3,0 9)
_ N NV |
= ilM“U +L1+ 25 +~3~—;;—1 1 .- ‘)

]‘M (- N-Y)

-

v ]

Qﬂ U’i.N) .'




N N-A O N-ks
Q« glo(“"“ M M M

Q¢ ® Secalan rrirad |
N N1  N-k4
2 (1) By (1) 5 45 24

. M
Qo (H'M) < 2kzo'ﬁ' n e N:Fl'(ﬁ'
v. RAmaNbAN (- FuNkee
> Q= 1 (14 Q.(mng)
STAQY pouaaT, 26 O, (MN) ~(T1I)‘ l:%

Q. (M N £ Lk (k1) LY < ({’,L,O-LM)‘
- L\ A )
e ‘T_‘i) — (4-.{)"

Il

DA' §A SPRAUM A5 DOWN ODHAD ~ '(-4:11-\"

USPESNY PR(PQD Cn s N E',L Ock -
= '1\1 Z.E; 41(4 + Q(T‘l 0\ = . CHENE UKAAT™
=31+ 0, (N1 |

. k- L

QOU\’:N) < Z[z\) {0 1-<4,

7 G~ i)




0. 13.01.2009 We
1 PETER GERN:

NTINOAN . PravbEroboRNOSTNT ANALIZA  ALEORITAY

Qo(r]aN) - Z:L»o N Nn4 N;’:uﬂ.

| i N N- N -kt
Qq(ﬁn“)- ap»o (kM\ ~ -ﬁi Sl =

N- k k4 k-

Gz 200 4 (e zt,o(m) ket )
A 1 <IN o

~ ‘Z-[“- -)-\-‘ Zb.j 8!?.0(“’4 r'l(— ]~

S %U* N ro < tzo (tH1)! k)/h‘]
AT B PR ()]

ot 23 (1): () (5 - (]
i - (@ ((zj) (42) + - + '(\1:1) -
S+ () ()5
= = (%)
' =
= 1‘7'.[ t+ ':Qatzo%%)"! m\)] -
~ :,‘-[14. 29 a0 N:(N4) . (V-4) 1=




	pravdepodobnostni_analyza_algoritmu_annotation.pdf
	IMG_0001.pdf
	IMG_0002.pdf
	IMG_0003.pdf
	IMG_0004.pdf
	IMG_0005.pdf
	IMG_0006.pdf
	IMG_0007.pdf
	IMG_0008.pdf
	IMG_0009.pdf
	IMG_0010.pdf
	IMG_0011.pdf
	IMG_0012.pdf
	IMG_0013.pdf
	IMG_0014.pdf
	IMG_0015.pdf
	IMG_0016.pdf
	IMG_0017.pdf
	IMG_0018.pdf
	IMG_0019.pdf
	IMG_0020.pdf
	IMG_0021.pdf
	IMG_0022.pdf
	IMG_0023.pdf
	IMG_0024.pdf
	IMG_0025.pdf
	IMG_0026.pdf
	IMG_0027.pdf
	IMG_0028.pdf
	IMG_0029.pdf
	IMG_0030.pdf
	IMG_0031.pdf
	IMG_0032.pdf
	IMG_0033.pdf
	IMG_0034.pdf
	IMG_0035.pdf
	IMG_0036.pdf
	IMG_0037.pdf
	IMG_0038.pdf
	IMG_0039.pdf
	IMG_0040.pdf
	IMG_0041.pdf
	IMG_0042.pdf
	IMG_0043.pdf
	IMG_0044.pdf
	IMG_0045.pdf
	IMG_0046.pdf
	IMG_0047.pdf
	IMG_0048.pdf
	IMG_0049.pdf
	IMG_0050.pdf
	IMG_0051.pdf
	IMG_0052.pdf
	IMG_0053.pdf
	IMG_0054.pdf
	IMG_0055.pdf
	IMG_0056.pdf
	IMG_0057.pdf
	IMG_0058.pdf
	IMG_0059.pdf
	IMG_0060.pdf
	IMG_0061.pdf
	IMG_0062.pdf
	IMG_0063.pdf
	IMG_0064.pdf
	IMG_0065.pdf
	IMG_0066.pdf
	IMG_0067.pdf
	IMG_0068.pdf
	IMG_0069.pdf
	IMG_0070.pdf
	IMG_0071.pdf
	IMG_0072.pdf
	IMG_0073.pdf
	IMG_0074.pdf
	IMG_0075.pdf
	IMG_0076.pdf
	IMG_0077.pdf
	IMG_0078.pdf
	IMG_0079.pdf

