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Anotace: Obsahem této prednasky jsou pokrocilé partie z vypocetni slozitosti.
Kazdy semestr bude vénovan jinému tématu. Mezi planovana témata patii
oblast nahodnosti a pseudonahodnych generatoru, komunikaéni slozitost a
interaktivni protokoly, samoopravné kody a jejich uziti ve slozitosti, dolni
odhady, expandery a jejich pouziti a dalsi. Prednaska je urcena predevsim
studentum vyssich ro¢niku studia a doktorandum. Prednéaska predpoklada
zékladni znalosti z vypocetni slozitosti, pravdépodobnosti a diskrétni mate-
matiky.

Sylabus:
1. Nahodnost a pseudonahodné generatory.
2. Komunikaé¢ni slozitost a interaktivni protokoly.
3. Samoopravné kédy.
4. Dolni odhady.
5. Expandery a jejich pouziti.
Literatura:

1. Sanjeev Arora and Boaz Barak: Computational Complexity: A Modern
Approach (http://www.cs.princeton.edu/theory/complexity/)
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Obsahem této prednasky jsou pokrocilé partie z vypocCetni slozitosti. Tento semestr
bude vénovan “klasiét&j$im* partiim vypodetni sloZitosti. Ukazali bychom nékterée
zékladni, dnes jiz prakticky klasické vysledky, napf. Todovu vétu (Polynomialni
hierarchie vs. #P), vétu Inmermana a Szelepcsényiho (NL=coNL), Reingioldovu
vétu (SL=L), zminili se o pravd&épodobnostnich vypoctech a pseudonahodnych
generatorech (Nisanv PRG), a dale bychom se vénovali zakladiim komunikacni
slozitosti.

Prednaska je urGena predevsim studentim vy§Sich roéniki studia a doktorandim.
Piednaska predpoklada zékladni znalosti z vypodetni slozitosti, pravdépodobnosti a
diskrétni matematiky. Pfednasku je mozné si zapsat opakované.

Plan prednasky

e Deterministicka, nedeterministicka ¢asova a prostorova hierarchie,
polynomialni hierarchie

Izola¢ni lemma

Todova véta

NL=coNL

Pseudonahodné generatory

SL=L

Komunika¢ni slozitost

Literatura:

e Oded Goldreich, Computational Complexity: A Conceptual Perspective,
Cambridge University Press 2008.

e Sanjeev Arora, Boaz Barak. Complexity Theory: A Modern Approach.
Cambridge University Press 2008. Verze na webu http://www.cs.princeton.edu
/theory/complexity/

e Eyal Kushilevitz, Noam Nisan, Communication complexity, Cambridge
University Press 1997.




W

25.02.2011
Ferer Cerno

NTIN 08, \/‘rBRANE’ KAMITOW 2 WP. SL6ZITosN o

1. CTAT  PREDNASKA :
- VETA O HIERARCHI|

- ROV ENA = SAT = UNIQUE- (AT
— TobovA veTA :© PH < pFP

~ INNERMAN - SzEEPCsEN (NL = coN()
~ RENGODoya ETA  (SL= L)

L. TAIT pREDNASKY

~ KONUNIKACNA' 2(oTImo (T

ZAKADNY  virocToln nopeL
~ NASLEDUNUA  VARIANTA :

TURINGOV  £TROY

OBo)mERN\,
a0 POH‘ﬂ?
VTVP READ ONLY <
- A
—~ k .

RAC & R/W <>
PA"SOK \ « A— ~
PRIPADNE A —> oS
v STyPNA' WRITE ON(Y >
PASKA

CAS \m/Po"'\) H# KROWO|

PRH:.SN)& \nP\')CTu +H MWWNW(q
POUDIK NIA PRACOUNICH  PASKACH




ALO DWHO / KOLKO PRIESTORY AT). POTRERUSENE
2 ZAUADNA OTAZKA V. ZloDmrosh

EHURCH - TURINGOVA  HYroTEop .VEEMO, 0o JA
DA ALVORITMNEKT  (roDTAT, 4 D& (rodTr g TS
EFEKIWA VER214 : VRETKQ, €0 A DA’ EFEICNINE

ALGORI™I k1 SPODITAT, ¢4 DA” FFENWIE
SOulopar NA TS ... h

C\ A EFEATVNA VERZWA.

BAE roDEY ¢ RAM .

U'\!WER?A’L'\I“I T\)RNCOV STRQOD T’) (DUERHN(m(W{)

DosTAVA  VSTUPY <) xY, KbE

( 3 ClSLo TURINGOVHO (TROIA a
.. MOZEME  OQ\twovar TS @ M, M, ...
M N&g WTureE <i, x> SInuWwx
M Nd WSTVPE x|

PREDP OKAADAONE, 2 N w1 atowny
pASWY, =01} .

M DOKA 2E S1NVLo AT cuvzow&'r\m/ k -pPA'suow
TVRINGOY  LTROY .




25.02. 20N~
Z/ ) Perer CERNO

NTINOBL VMBRANE KAPITQE 2 k. slodmosn 10

I

MOZNE PREDrOKLADAT , 28 Ak IM)¢ rRaCUIE

VTSE T, rPOTON M PRAGE v TAE OQ0).
AKX N PRAGODE V PRIESTORE  §(n) , POTON

N PRACE VvV PRIETMORE . O(s) .

EXUTWRE DOKONCA UNIV. TS ., KT. SINULHE
~Mi v Tase O (tW) (og(t(h\)»-
FPOTREBINE \§Ak 2 PRAC. PATKY .

PRE | PRAC. PATKyY I O (t(n)) UoLERDA
Mo NE2.

OTWORENT PROBUER : ... Cat O(t)).
NEDET\:RmMumcm/ UNIV. TT DoUxSE
S\NULoVAT v cae O (tm) . -

DTINE (t0)) ... TRIEDA PRORLENOV (JA2MuoV )
ROZHODNUTECNM YV TASE ()(+(ny) .

= Uku DNOE (n")

E = U,y DDNE (2"%)

EXP = Juzq DTINE (1) .

D SPACE (g(n)) . oo PRESTOR O(sW)Y

L = DIPACE (togy)  L'= D SPACE( toa®n )
POLILOGSPACE




PSPACE = U,y DSPACE (n%).

TRAVIAWNE  V2TAHY
PCEGEXP
L ¢ L* ¢ PSPACE
PSPACE C EXP
L €P

DMREN“{ PROBIEN @ Pc L ,L

VETA © CAVOVE) HIERARCHI]

PRE. TAYOW) KoNTTRUOVATECNU Funkew T, A ¢
T.2. threo(T), Tzn. P
DDNE() & PNNE (T).

DDKAZ  ZOSTRODINE TS N T.2. B
LCN) ¢ bNne (T) \ PINE(t).

M Nt Wivre xe {0,1%1%

1) V\ — ,X' .
'L) h = <,’lj> . <-'.7 JE BNEUWA IN @'N

) M sinvene Tl g
t KROKov = T (n)

4) M $A 2AMOVA. PREINE  NWOPAK
NEZ M.




3 13.02.001
/3 PETER (ERNO

NTIN 0 b \VierANE KARITOY] 2 VP SLorosn 1L

zrE>NE T PRACDSE V. Omie O(T).
AK  RO2MODWE  L(N)e DnE (1),
porony Fi @ ) ROZMopwE  L(rY)

v cae Ol).

__PRE  boSTATeCNE VECKE J  STHNE
™M  obsinvlovar M Na  WTurE x
KOE Ix]= h= <i, 7Y, PRETDZE
smuAGA M sEY v cae Ot ()
A treo(T).

ABAK M 4 280’ NA VSTUPE X
NAK NEZ M, 0 LAY F L) . 4 4

TETA O PRIESTOROVE) MIERARCHII

PRE  FRIESTOROVO KONITRyOVATECNY FuNkeiy §
A s T2 seo(8), Sytogn PAN:
PSPAE (s) & DsPacrE (S).

PRE NEDETERN)NN ghuu?f T
MANE FROREN § NEGALIOy |




PRE  TRIEDU  RBPP  NIE JE 2wt INDEXAUA
(ENUNERKCA)  PRAVDEPOD. TVRINGO WY STRODOY

. T AND UNIVERAW  (PRAUD.) TURINGOV $TRSY
NIE JE 2NAYA  VETA O HMIERARCHI TYPU :
BFMAE (t) § BPMNE (1)
. SANORENE rRE )C K T raTY =

NEDETERNINSPICUE  TURINGOVE {TROJE
xel(n) < 3 Prxfwmcar UiPoCET 1 Nab x

CAL ... nAX(INUN CE2 Y wWeeTry
PRITSTOR ... ——

V"(SWP L —)—

DTVOREN FROBLER @ P = NP




/ Y#.03.20MFr
/ A PETER CERNG

NTINO3bL Vinrane kar. 2 wWroteny! Loz, IT

MINULE © Bra O HIGrRAROY) CasOVA’, PRIEST,

VSTV X NEDETERNIN xS WPodeT
o SPECALU PASKA NA KT
ZAPSDENE  ROZMODNUTA NTI

77N

VSIUP OB PRDATM, UED ASPORI 4 VIPOOET pRIONE .
CAS ... DUKA (ES™M ... AK IE ChAjow KONTTR
MOENE  ™oN  OMranidr  ( KonpT. HCRwA )

NP - CPUNE  FRogL A
SAT, HAN-CHWE, - OWoR
MOZNO RIETH™ NEDET. v roL. CASE .

TNTINE(t) = RomoDoUAtE  PRORENY (9471kY)
RIESTECNE. v CASE t W NTS

(

FRE NTS & Hsturnoo  PASKOy
PROBEN & EF NI CloU (ROZNE PRIENgM)

(- NTNE (L) ... DOPNKT 3290y
Z NTNE (t).

M ... TS s PREMODEN/N AC(EPT < REDECT
L( - 20/13¥ \L :




Co-NP-brnE  rrOBENY @ TAUT,
GRARY BEZ HAN- Cuey, . .
k

NE = Uier NDIDE (2°)

NEXP = Uk-;\, NTDIE (2 \
EXisTE  UNWERAn NTS s 2 PAUAn| 7.2
Ng vsVPE < (x> PRRONE <)
Ni PRONE X .. N, Ny, ... UE ENUNERACA
NTS ... © 9 Kdb rorygv Ni.

KB N; Pr)Ing  x ¥ Taee ti(Ix|) POTON

N PRIDINA <{uxy Vo gk O(ﬁl()xl\)
v KONTTANTA v O () ZAVIST NA (. o
- PODORBNE TFRE PRIESTOR.

HODEWORK = Zas nodvo smAuG LINEARNY ,
[RF OCf;(lxl)).
VETA O NEDET. CASOWE) NIERARGYY
€T ... Caowo  wongrR.

tTwe) = o (T(n\)

roron  NTIMe(t) & NmnE (T) .




MN03.20MFr
2/ L PETRR Cepno

l\mNog(, \/WMNE/ KAP. 2 MPODETNI S(o2. i

< NPp¢ EXP & EE)(P C NEEXP
EEXF = Uy, DNNE (927) | PPRNE NEEXF.

pokaz. (24k) 20imrednE L c {o1*
L € NMINE (1) \ NDINE ()
MANE  PRORWER S NECACIoy |
RIES) 34 PONOOY OPLOTENEY DVA(ONALIRACIE |

RUDENE  DBLONALI20VAT NAa  CECOT  RlokV
RENAKOY  (NIE BN N4 ] vaivee)

7

OQ“M ook 0 g {0} ¥
7/ 7,
- _

- M

m=<i,9>, koE <0 N N
NA USTWE x = ()" NADD) Iy T.Z.:
lo < b £ Qs Ly P29
RO2L0Z: m == <i, 9>
KED 0 ¢ Q.m’ patony, Sinvwy N, (NEDETT:‘RD->
NA ustuee O™ Po T (h) Krokooy  SINUAUE

o7 (Luen)




KLED nh= euﬂ ; FPOTON QTOO(DQYB, —Q\)
Ni PRIINA O(“”/ A 2AHO)
54 OPAONE .

CHGENE UV\A(Z)rT',‘ X PRISLINY ATIK NIE

XE v NMANE (t).

bwawne Ni PRACKI v S L(n)

¢ 1 NONOM, Ao Ni Rodpbik USER
0 Lt P O\u«q |

1) NIEWTORE SLoVA’ PRIYIMA , NIEKTORE NERRjAI(MA

4= NEVO & LY

'\.

~

1T To4 Il
O(M‘H W\ O(Mﬂ

N »A ACHOVANE Inak Ako N
1) V?Enm CLoya’ PM)\/’\A*

MANE DOyt
19l - ' I CAlU NA  SinpLAQY
D('“M /O(hm Ni ng 0%t |

TV § OPAT ZAMOVANE INAK AKo N;

) VIETXM SLovA ODN(ETA ... FOMOBNE Ao 2) .
n




R.03.70M &
4/1 Perer TERNO

NTIN Q86 VMBRANE kAP, 2 wireQETT sLoDvoyn T

Bundcl TIZDEN 25.02.2011 Preoddr CorapA” |
O%.04.: 2 rrEONATKY | fh20_ 520

Do 0104t ODoVbAT 1. sRyy DONACICH ULoH

L eENP < HL'E)’/ POLINOR  p
- fxe {O'”*" xel & E‘TG{O,HYO’(') (a4) el
... SVEDOK  (WiTwEss) .
Le PP &> FLEP, Poundn
Xe | < 3 Asroy 2”0"”" e {O,ﬂr(m\

W‘{CH, 2F LX'\J.\QL' '
_ PODORNE  DPP.
POLTINONIALNA _ HERARCHIA - T, TT - k=12,
Le 2, & ALeP, formen p
P(rer) P ()

v P(x)
xe [ & 3y, Y, 3 Qk{k iy, o) e L
PoRoBNE T,

Zy=NFP, Tz w-NP




SAT : RopL. FoRNULY % € SAT &
Ixe Lo ¢ plx) =y
SAT 9E NP-Urued  yzHe AN K <wm
¢ 9B T2V. 2, -KUADFIKovars ' B.F
n. Y,- OBF,
padarne F, ~QBF ¢ Slxe 1041 Ve to it o (ko)
MODTE DEFINOVAT ZL»SAT.~
- AT of Y - kN IrZreADon K €m.

Q&F )/(UANT\FMOVAUE( Ro0( . FORNULE
(NIE 9 OHRANUCENY POCET KVANT FliafoRo )

QBF-SAT ... PSPACE - Grny .
PH: u@l Z'Jk ... PN, MIERAR CH A
PAN PH C TSPACE

R+ MAX-CL QuE L (GmY,
GRAF  (y A NAVATT |V KUKV VEwwm Wﬁ

e PAX-CLQUE € & 0T,
M PAXSCLIQUE € NP, Poron NIF = co- NP




L 13.03.701 Fr |
/Z PETER CERNO

NW'\]O%{O \/VRRANE: KAP. = Hfoi)sz SLO2imoyn I

ETA = P=NP 2 PH=P
VET Zk:ﬂl puy FH:Z’LM




01.04. Lo
4/ 3 PEeR CERNO

NTINOBL  VHarane’ kar. 2 1HF. SloZnosmy

MINUE  SDE. DEFINOAU  TRIE p 2, T ...
~ ‘e P .
LeZ, & JUep

X | |
xe L < I |)‘f1 \V/P(M‘Q = (x UM ) el

FRE DANT  x
! N \3 Y,
| o O
V '
Jvy

~~

ZAVADIAN g4 Tzy. ACTERNUSUCE TwrnGVE

(TR
e éﬁxwhzwa\nz[
ROZUIMENE “— Dnveraae STAVT
X
EXIsSTEN ONd - STRY
. UNIVERZS Ny Sy
ACCEPT




/Kuwsw‘tw .Y
«_ PO2ADWENE, A4t OBA

{ S { E PODSTRONY  ROUY PRINNA (K.
> RDIMNIE X % DHobNowng

ODSPODU . x 9E PRIATE & EXITWVE

PROIMADUC]  FPODITRON T. 3. {
VOEXSTENONTCH 02000 ma’ Acrokd ] $wug
V. UNIVERZAINNQY (RO Mg’ 0 SNloV
A WETKY L)TY U PROINAIUE
Pozok | NIE JE DANE OHRANIRENIE POTYV
ALTERKNIK' LI
ATERNUWIO TS Ny vty x OE
k= ATERNDUL <) N4 KAZDE) CESTE bone
K Nbvge k STRIEDANIAN  UNIERZANS CH
A EXUBTENONACH STAWOV
ACTERNUCL T3 3E k- ATeraupu &

VE k-ATERNOSU NA I vETVrROOq

/

1- ALTERNR UL TS 2000 VEDA NEDET. 1Po@on /
AK POUTIVA 1BA EXISTENINE' STA

RESP. (O~ NEDET. v{roo@\of), AK POV 2YvA
MA UNILV. STAM |

.

—




01.04.20M
4 PETQR CERNO

NTIN D86 [MeranE kAP, 2 e sLodrom 1L

ANME (t) = ™IEDA AoV Ro2PO2N,
AMernwUUNt TS PRACODVUN V E44E T .

AP= Uz, ATNE Q’k)
VETA: AP=PSPACZ.

TWRINGOVE  STRODE 5§ ORAKVLON

ORAKUIWN  NOINE CHAPAT™ Axg A4 ¢ §0, 43*
FOPR. AKO  FUNKCUIU ¢y 2 [9,11% - {011 .

TS md Ntviac T2y, OrRAKYLOWY PASKY
KTore™ JE W/0Q A Tzu. DOTA20VACf sTAY
KED JE NA ORAKULOVE) PANE x A
~ PREXDEN DO DOTH2. §TAW , POToN @

Xe (
DO A/:Q__- SLow x PAR{ Do A

(TAV YO ... SO0 x '\/Ef/}TR!( DO A
A
P - s FOL’H\OV\V\(LN’E PET. ﬁPo‘Qﬁ < U_!U?ﬂ(/)
ORAK\)LA ,L\
P - UAebP NAPR . PNP

ZRBNE NP co-NP & PNF




VETA : NPz PV & NFP= NP .

>) TRIVWWE

&) CHCENE Ukdesr FNrg NIF .
A uuaAT PATC NP

A0 VI2ERAT ViFQQET s Orakulon (4T -

X AN\ (pléSAT ~>

( \“"WGW T e
PROBLEN ¢ VECA DoTHM2o\/ ... o
AK (MEENE  POUDT |14 NP TRQ),
MOZNE POSTUrOYAT NAJ LEDOWNE :
~ UHADNENE WSETKY Po™zq .
= UMONENR, Q PATRIG DO $4T .. (%, %1 ;)
Yo = {4 -~ AK (. €3AT .. Wi JE CERNFKa™
Y Y ¢ AT — I~
KEDZE cO-M?:Nr/ NNE NTS
M RE AT, TAK A4 PRE  SAT .
~ NAKONIEC O\/Eﬂl,ﬁE/ Ql X NI ObMAD
KONZ:;T‘D\(Nﬂ', A Porony LZ Idg
ODSINVLWIENE  POVODNY ApoTET 0




01.04.2011F
% PETER CEQNO

NTIND 36 VMerane KAP. 2 rip. STy 1]

VETA NPNP: 2)1.

NP N = N p AT <,
X \
X
“
—~ o
ACCERT A CCEFT

CEC1 TeNm) PODSTROM S DA”
ZARAUT DY 1 ‘(/QT DOTA2Y ¢
Napr. T CESTA, W, 3 Regeet L

= N
7 L, one™
DOATNE EFTe NPT ¢ 3 poyurmmng

PODORNE  AKO V PREDUYADIMVCE) VETE
MEAK  FORMULE, O KORTCH §) NMSUNE, ZE U
NESPLNITECNE', OVERINE Vv  PODETRONE

7\




VETA : P=NP © P=PH.

ac P=NF, roron T ) Wk>/
xe | <D :;]”11 \{’;L ._-@rﬁﬂ (x %,...ﬁ,ﬁHXéLD

RE Q=3 smd povdr Poyfp ... o eP

PRE QEV e Vr‘z R(---’z)_—-_
"@PZ 1RC-, ZDU.GNT:F,

POPR . MMUTNENE PLNF':) - Co-NP_ |




08.09. 2o
/s PETER CERNO

NTINQSL  VHoRaNE ke, 2 viP. Solnosn TT
PP
Topoyy vETA : PH & P
M1 0 ukpzEne PH c ppp AT

SAT = £ @ (Xa,, %) | ¢ = SPumecena’}

AT+ 904, x) ™ FOCET FNLCIU
: OHOONOTENI"

ONAT = 12Xy xa) | €@ ™M NEPARNY
POTET SPLALDGCICY OMobNoTent! { .

T T PARITY AT

VETA : Yk21 EXITWE PRAVDEPODOBNOSTNY

ALLORITN. AL KT PRE  KAZDS FORNULY

7S5k KVANTFI RATOROMAL BLOKNT  R{Fe
FORNULY A(k()) (v PocinoniAuvon Tae) T

() @ 9E pravoi’ = Pr[Ay) e ®SAT) 2
i) ¢ Y& Nemavowy 3 Pr]A(v) € ®AT]= 0

T.2.!
> 2
3

= SLADA VER2A [ pbove) VET(, T.
i AT~y FSAT




1. KROWK :  SAT — DSAT

0 %)~ v ()
P e AT & W EDCAT

Qe SAT ~~ ¥ ™A PRAE EDNO
SPLQNUCE  OHODNOTRENIE |

O2NAThe H#¢ .. POTET (AN. OnopNoTeN(

K':z b w( )) v (2 b % &)2’,»::(9'
(g +1 = ()

PRE @, (X, xa ), (M, %) PRENENNE
(trqu ﬁ\PL) ~ tp(\ﬂ b \{7‘;\

.. TIErg PO20ROVANIA PLAT A PRE
KVANTIFIKOVANE.  FORNOLE . NAWAC
SA NENEN( ¥ RLOKOy, KVANTIR(KATOROV ...

N

Hq ... POCET OMOMNoOTEMI UOUNY QY
PRENENINMCH  SPLKUC(CH v

HASHOVANIE @%
| !

oryr  OAY




0%.04 LONMFr
2/ Y PETerR CERNO

NTINO 86 VABRANE Whriroy 2 vP- SLoZ.

) - UNIVERALNY,  Habvac  Syemeny
H={h | h:{O1"> o113
T.Z. V )(’\/XLG {Ol“»: XWI:XL
\M,wze 0,11 :

A
o ey hOayawy & b= ] = o

VE 10 10 ISTE | A KER1 H  OBMHOUAL
UPUNE \m:nm FUNKQE ...
B VSETW{oq  FuNikal?” oE ’Lkzn. ;
-~ D N4 POPAANIE /] FUE, POTREBUSEN
AP k" BITOV (= PRILT LEGA)

T EXUIDY NENDIE HATOVACE $1STERY -

Hoo= Uhao | Ae{on™ Lefont]
%A,\‘, (x) = Ax r Lo GF[1 .

CVITENE ¢ H, . Ve 2- UNIy. WaT. $9¢ER |
Na by, PorreRuzEn O (ken) BiTOV.

Hul ™Y DORRE WASTNAST :




LEMM NEcH l(.h }4/ Sgi()\/)\)n T.2.

k-3 £18) <& Qf“l, NEGH  H, . OE
1-UNIv. HAS. STSTEN , PoTon :

] {
PrkEHh,k L1{xed, hix)=0"3]=1]> .

I,RE F\OKHULU kQ LX1' T X’\\ EX‘SME ’Ch “-.
&
FORMUA - POPISUSO L FAKT | D2 b (%%, ) 200

MNOANA § OE MNoDdNg  rudnsciey
OMoDNloTENK  FORNULE ¢ .

= T2V |20t ey (Vauanr- Vazrann
DOXAL (T’R‘i SMSTEN Hu,k_l LINE LtA,L(X):AX*LS
1) PrheHn,k[\{‘(ewnﬂk | 3l xes
_ A
he)=yyl X 512

n k |
101} l’j POOST  kou'zy” -
;____,..__ X1’XL€—S/. X1'-txl
J j 2 (X’l) = h (XL\

| i 1 Ak %(Y,\:L(XL\
Uva2WNE K{x,’, X\ " { 0 Inak




0 Oy Qo i
3/5 PETER Qe,i\mo

NTINOSL  \NRRANE Wap 2 WP, SLoDT0ST

r [ {»ﬁdss K{&,XL} 2 l%‘ 1 < % @

hGHn'k XHXl
E { {%LXSS K{XH"L}‘& ~ {Xﬁw’dég E[K[X“X’-}] -

X1 ¥ Xy X145,

5: (‘i\>. E[k{xq,xd\ PRE NEMKE ij‘/;;ie_?
PY‘fvﬁHn,u (W)= h (xll: éi

(1) A ¢ S| (Is1-1) A \s)-
> \

—

/AN ) 4s| 8
TRRAZ UZ STAY rouziT MARKOVOVU NEROUN.

S~

S FPRAVDEPODORNOITOY 2 NAN  ZOSTANIE
ASPONI  [S]/2  PRukov & OEDINAR (%)
V20ROT) ... CHeene OF S TEDINTD VZorON
roLovica (A, L) N DAY varmvest (%)
Na b 1S] /L PRWMDV S Qk’3/1 1

NENS ... , 2 -
ok NoNoIT PRE L, 2k A

P>

MANE |Bx  POLOVICU A ... DOSTANENE j"{ u

——————————




(¢ x
Xp, o Xn ROOL. PREMENNE’,

t\n (X‘l:-—'/x"» PMMVA/ <:> LAIL> (;B:Ok
AX +L) :O = \7{(:""'1'4"
i O xg +1 20 (mod 2)

|

VISECEUMNE qul Xiy ) een, X

) X, T,
= (X% ® Xy © ... ®X'\«m® bi ®4) |

™ NOWD 2AVEDENTN  FONOCNH Cxy PRENENNTCH
PRENEST NA  TROMI(E :

e x0xen)t(1oy,0x0y,) . "

NETO PRENENNE Y KVANTIEIKUWENG EXISTENNE

q)(xh"'/xn) 7P (x,',,__lxh) &
ZVOL  UNIFORNANE T (x
kep\{?,---,v\} h Y1/"-:XH/
NeHopNE | A S {O,’l}“k"‘ ‘4’ e “")
| b €n {0,713} (S PMVD.m 5
PRAVE 1] OHOpNO TENIE




08.04.20)r
‘%' PETER GERLO

NTINOSL  VMorane’ war. 2 vip. 30D IL

UUAADNE k- KVANMFIATOROWM T RLowoy
35(-: V»?’Lflxl .- Q )?k U() L)-(_)\ -~y )?k\
— \\)(Qv;l""!?Ll?l'”\

L. WROK © ZAVEDENE T2u. PARITNY KVANTIF,

O (PR S | . ‘(n\ YE  PRAVDIVA”
& Uy - Y ) OE PRAVBIAT FRE NERARNY
POCET VvOUER Vi, Yw € QO/HM .
ZATAL NMANE  NASEDRUCE
IR A~y ®RY (\e(i)&},(i’,ﬁ))
”*m{v:wm:. LB BEZ. wuAnDF.

IDEA : 70, 2¢ ¢ DE BEL KWMANTIFIKATOROY,
NIE OE PODSTATNE'

Al TA KVANTIRIKATORY | UEME 10y
VISTROT pRED FORAVLY ... M. DO STAVANE

I VR () o XY W ( )

$ .PRAVDEPOD.ORNOST'UU 2 A
22




(% ) & (®F ¢ (M) =
®RT (YR &9 ())
1@ (v(x)) = ®Xz ¢'(X,2),
KoE H@(X)+A = v 9'(R,2)
MOINT AT ' = (¥ +1)
@%@ v (@F w(D) =
O, Z ((#m) & (v+) +1) (X,7,2)

PROBLEM ¢ DISTUNKCA  ATDEHO NNOZSTVA
FoRNULY ... VEKOST P31 DB PRIBLIINE
DVOINASORNA’ OFROT) ¢ ...

_ . _ .

(% @,@) v v (0% 1 () =

= @iz.\.>?>M%°(L(‘c+1)&--*€(t\w>)+4\

7). TWNE IRA UNRARNT NARAIT VEWKOSTT

—

ARO ZUEPDIT™ PRAVDERODOBNOST 5 1
PONOCOU OPQKO\/AM)/




08 04.20/) F
A PETER. CERN()

NTINO3 L, VMRRANE ap. 2 WP, stoTpsm I

ZWINE M= 1h .
wi-KRAT  \MGENERUY  REDUKQUY  SAT — @SAT
BXi 6, &), - ®xu (k)
rOToN  VERNENE DISJuN KT
- @U@ v (@xu )

§ AKOU FRAWEPODORNOSTOY JE AJPON /|
2 TYHO ForRNUL. PRAUDIYA’ L

- (1-3g)" > 1- e

(PLATY TOMZ  f-x ¢ &)

————————

~UVAZDNE IR VR, .o (R, Xp 1oy X )

MY @GV R (e(x“xz,..,/?,:)

v
ZNEGUVINE TVTO FORNULY , D,

= D =
®X4 7(’ VXL - - - Q(‘ (X1,X,_, Ty Tk )




=—5
PREDPONADAINE, 22 X, T’ {, PRENENNYCH
ACE VECKE <, MUSINE 200uT Pre TEN
VNUTRASSDK ,  ADT 10 FunicoyACo e ¥x,
¢, = (1 (ogcll()k

POTON  DOSTAVANE  PRAUDE FoORNONT TRE ] f: |
> A -e ol 5 g 1
= =~ 2410k

PRAVDEFOPODNOST, 2E rRE VTETYq Ry Z)

TRANSFORMATIA - ZACHOVALS  PRAVD) VO TS

HODNOTU  vNUTRMYSK Yy o > /- TA&

DOLTAVAN  Tepa  FornuLy
= = - =
O (%2 Y3 .y (X)) =
= = =
= ®X'\ x'LZ Vf‘ --~ \V'(iq ~~-)
MANE O 2 KVANDE  NENE)

Po k KROKDCH ODSTRANINE.  WETKY KVANTIE
PREDPQKLAD"T)(\E/ 2 A G SNE 2yolyyy (03 (‘lOl()

L N loy (10 L) ... 475,




5S040
4/3 PETER Cﬂlto

NTNORG VMorang warimor 2 Wr. sodrosny 1T

MINULE = PH € BPP (Topous 1)

Narkobne vipocry & PsEubonay. 6ENERATORY

BUDENE JA ZAWINATT O NAM. WroTry v naton
PRIESTORE ..

vsTve R/0
| PRAC. -
— | s oty
1) rR/w

(. — Weve W/ 0 |
... TREDA DSPACE (loyn) =: L

_PRIKUMY PRORLENOY, KTORE 34 DAOU RIES)T
Y (oo() PRIESTORE : |

T OSTIMANIE X, 9§ > X +y

~ NASORENIE MATIC AR = AR
(POCINOMIANE  vECkE €A )

STCON = { (Giat) ) J A sty 6
STCON € DSPARE (togt n)
STON E NI : NSPA(E((og n) - dpun,




EXISTWS ROZNE VARANTY  STCON
TREESTCON = { (6, sit) € STCON |
(- 7E NEORIENMOVANT  sTrop }

bA' §4 UKARAT, & TREESTrON €( -
(FRAVIDLO  PRAVEY RUKY ~ cTAQY 2ADERINoy4r
JEDNOZNATNY  ORIENTACIY  HRAN )

DA SA bOUON(A TaKM KONmoLovAT‘( Q) ™
+ dE S§TRON 3
[ . STCoON

A

v/a——_q( U ITCON
A

) TREESTCON

USTCON = { (C. Stt) c ST CON ) & MEO&chr-}
VETA (Remtoo) @ UST(ON e L. (2003)

~

USTCON Sa DA 2REDUKowar™ NA  TREESTTON
USTCON Sa pA RIEDT vy PRAVDEFOD. log -sracE.
ALGORITIOS & yeror (G, 5,4)

VR—
OFAKVY  bn® KRAT

> U < nahopnd SWED U
AK u= t TAK PRIDNI
ODNMETN|




15.04.00 1K
% PETER. ( ERNO

NTINO8L VHBrRANE waAP. 2 wp. Sodmwgm IT

VETA : Ak EX0TWE CEsTA 5 o t v G,

Poron SA  ALLORITIUS 2Asm41Y A PRIDNE.
S PRAVDEPODORNOSTOU > 27

RE2Z DoAYV .

FOUZIvA 08 Ty, COVERIG, TINE .

NIE JE No2NE TENM WIEMK  IEDNOVCHO
ARENIEST NA  ORIENTOVANE (RAFY :

I R S "
- [
( .
OTVOREN ProREN : RL =L .
TRIVAWNE PO20ROVANIE : L S RLESNLC >
bA  SA va’zAr', X RLC L
Ah A'—l Ty A'\ hWxn PANCE

S Owan 0<¢ <1 (Somamed)
Vi 2%24 Ay =1

QIEC © spoOmMT Ay x . x A,

V RL 2 NoNE sPoOTAT APROX) NRLIV WA
TY . A‘ T.2. PREC A ﬁlﬂ

\V/|Q lAt:} ij'<2 :

Puﬁ\‘n’ :




A, A, An PRE  UADDE G

—30 - 0) .
0 20 o ] (
L =0 ... o NANODNY  PRE (MADNK )
. S
MBI Rt o A';j 3E FODIEL
PRE (MAD20K , WT. DORAUA
DO . .

DA sA UKAAT, 22 A'LJ s BUR Aig
BUDENE PREDPOLADAT, 22 ClSLa sY TuARV
Plq, e pqe OW)

hir Ain Aiy

P +—

0 1

NWNASOBERR  VNODNMN QSLon  DOSTANEN
CECE OSLA ...

CELT TENTO ALG. NoNoO INPLENENTO VAT
V LOGARIMM (KON . FRIE§TORE. |

AQ‘n
]

PRAVDEPODOBNOSTNY  TURINGOV TR0 FRACUS
V Qo ~ PRIESTORE :

usTVP X € 10,11 |
k TAaL. rACOK VEWosTY O(leq n)




1S.0%.2011 Fr
% Perer CErnO

NTINO3 b V“IBMNE( KAP. 2 WT. SLo’z.\msﬂ IE

POCET KONIFIGORAUI IF  h O@).
(
PSEUDONAMODNE  GENERATORY

310,130 — fo4l”
CHCEU R»Y Jng U= D((og )

CPRE UFETK] TURINGOVE STRODE N4 VSTURE
Pt n t M(x,7) & N(x, 1)

PRI S
Te1oNl” tefoyt

~ NISANDY  PSEUDONAHOLN GENERATOR

9: {0} = {01\ Cx O(togtn)

~PRE WPOTT) QETW(E V PRIESTORE O (toqn)
A CA’SE PO(\Q Qq)

nxn

Ay, Avy A, 0/% MNCE | STOCMAY CUE

BUDEAL $1 NOST ZvOUT & .. POTMOVMA’ CHBA
_ A
TR &3 7

L - UNWERANIY  HaTOVac( orsTEN -

H: { l": {O/?}M - {O-rqlu‘}




X€ iOcqagm, \"1: Lll -y L‘k 6 H
Gy (X) = X
Glul (X’ ll"" l77~l ~37d Lku) =
GL (X, L’u L\Ll ) L'k) ) (:)'L (l’!k”(X), l,,"/‘_‘/ l"l(\

X
(r L(\(

CLX ) /‘\E'(X\ h(x) hz("‘ (x))

DA \mwr\; (L O 2 m

VOUNE k= (03 n, m= Olley n),

NA FOFIS KADDE> FCOE. h 9 O(m) Bitov.

MINULE  INE LaRoVALl  HASOVAC! SvsTEn
Ax + b NY ALE POIRERVENE

! A\ w BIToV
mxwm BITOVY ™ B'7\')\/

TERAZ WUAERE b (X) = ao\x v b

A A /
mrm.{ m ROy KONVOLLCA

(aox)L = EMQHM X5 (uod 2)




/ 22090 F
/S FetTeER CERNQ

NTIN 0% VWBRAMF_( WAP. 2 HPOCTTN( Jodmam 1L

H={h:fon"s ol 2 - UNivERA A
HASHOWAL $M3TEN
xdx PLhO)=yg & b(x)sv]= 2
Gy (x) = x
/\GL (X/ Wy, -, L\k) = qu (X, hy x 114(-4\'
G U O, Wy, g )

RIETWLI SNE ULOHU : N4 VSTUPE :
0-1-3 twnee Ay, .-, An

(\J/L\ (VY\ L, (A")r,k =1
ZAWINA NAS A, A,
~PorR. MANE O-1-4 mamey A, Cueene A"

G, (X0 hyroor b ) NN WAM RETAREC BITOV
bu  25.m RITOV.

CHENE  APROXINOVAT AN

NAHY DNE' PRE(H/(DZM RUDENE  APROXIN VAT

PO G, PRE NEJAKE  2AFIXOU4NE'

hey ooy b o 2 KADDEY mANCE NAS >AWINA
- : ~f ( A~

kA 4. RIT, OSTATNE  ZAHODINE .




UMARENE, 22 KeB S) 2wodnE by, ..., b,
NAHODNE | TAK § VEWOU PRAVDEPGDORNOJTOU

DAL pOBRY  GENERSTOR G, PRE MYNICU A,

1 o A 5 A o R 0

1 o o o o

by oo 0 o J

L . ~
V‘CS 0] 0 O

(/\")(j APROXINDENE  POCETNOTOU - CIEST

7z ¢ DO J ... <2 ¥ NAH PREQ4ADUM N

ODTERAZ OVADWNE, ZE NAMODNE RITv
RERIENE PO m-TIUAW,

N. VEZNENE h.m NIDOV
Ly qll 1 qn Q: € iol"}k‘ V"

/

o oBy o4 ozudne Rie & WO

L < 00  nNnodny RETRUOV, KT
)o./ NAS 2ALEBL 2 ¢ Do f

.. PODORNE )gea

Ul




2/ 22042014
5 Perer. QeRNQ

NTINOBL  V/RRANE KA. 2 WP SLo oS

DEFINWNE B;tgtj =t xy \ xeRit VGR(ji
ZAning A w( B;(-B(ﬂ .

PEFNWNE  HUSTONY 0 (R) =

UWVAQDDE hel, A,B&{O,ﬂ”/ e >0.
“h 9E ¢-DORRE’ PRE (AR, A
[{x] xeA &hiyeRH

?_M

YeTA © Ao B0 N H = 2-

UNIVERZALY] HAIMo VA Ll S4CTED,  Foton
f\.PheH [h NE E e-bopee rre (A B) ] 4
| g(a)- S(R). (1-¢(m))

Z'"-gl

VHMODND VOCRoy M MODhE pUruNI’
bOWWY RNE2 PRE € . [BupEne PoZADOMT

(NA KonRl) € o poly (n).
DOWsz . mnE A R<io”  §(4), S(B)
h  WMEERANE  NAHODNE . . .

- 04)-0(B)

£ ¢,

L

c—




(™~

PRE  2AFIXOUANE X €A  NAS 2adA
PRAVDEPODOBNOIT, 25 h(x) eR .
ZREME - R [hG)e B)= §(®).

PR Rz Tyy, .o, ¥l E
R Lhooep) = & B [hey=¢: 7= IR]- 27"
DEF INDNE

G {1 ek yla e

0 hx)¢B
ZRENE Y= HX T.Z. xhix) €AR.
ELY] = |AI'S@®Y. .. 7o™ ry sne cHeedlt,

Oma2kA 2ZNIE, AKO CASTO TO NAITAVA - -
P C1Y-ET| > t] = RL(Y-EMT) > ] ¢
[ Y ‘E[ﬂyl Var (4]

7 ¢(R)

/
o o 11 = (g 29 (1061 2)

KEQTE H s L-UNIVERZINTY .
xSV PO DWW NEAVISWE .

BT S €20 2 SsR) (1-5 @)
n. B LI {ﬂ\) | —r i




| 22.04.2041
3/5 Perer CerRnO

NTINO & V4RranE wap. 2 vp. sLODTot T

10 2uanEng’, Ax 1 2wdn L e M '\JAHODMr'
roron Flx-hix) € A-R] 14 Cuova’ Poborne
4o fixv e A-R] NaniEsSTO 2v AWM. BITDV
NAN sTa” m NAM. RITpV.

) v&"z.\/)m“ A D-1-n J‘mcuAmcuA’ MTCA
SA(LM, = L \l] {X€i0| 11 ~--1 ,"k)

A rm:n/EmE 2 i00 5 v AZL ] |

A(h, ., W) = M Manch, woE:
oy = Bl by

/Llh
“PRE MAMcy 1 2AUEDENE NORNU
Ml = max; (Z- .‘j|>

Zpwitg s 1| A (0 by ) - AT
Zf\llL\ADNE/ VLA™ O Norey || - |
I M+ N £ IR+ i)

[ NN ant-ng .
M oAk 2= K 4.




A 0= WM | ["1"'-/ LILQH.
hyvo b 9B €-DomRa’ pre A =S

A Chy W) - A ¢

VETA: Ak H o Q—umvmu'tm, hy, boeH,
A D D-1-% SOLANWA’ TUWNCA  nxn, &0

th___'m [l"n--,l\k NE JE (?-k-”i-DOBM/ J L

PRE A
; htk
- E'L ZM
Pre k= QOQLY\, £ = -/L , PO J‘TA’L\(

h?.

A
Napr Wz AS Loa,n  Pofon FRAVD. & O(F)

= hy o by 2wl NabosnE |
> ke m, k£ Dltegn) or nodne’

Wyo - by NAYST DETERD. v POLMNON . TAST
DOXA2.  ((INDuKCIoV ropes k) .

PRE k=0 9F To TWMiNE ..
PREPPOKL., 26 TVRBENE PAN' PRE k.




4/ 29.04.20MF
PETER CERNQ

anpa—

NTINORG VUBRANE vAr. 2 Wr. swoamoem 1L

ZVuNE by, ., by Nabobne . CHeene
() b by, s (24 ) ¢ - popee
PRE MYV A .

(2) (\fi,j,Q) l/)k JE i/n"-POBKE( PRE
~ (SA(M,...‘Lk_‘\ N, SA(L.,,-.,, L‘k)(,j)

{4 b Jo
Y .

2 k- 2[—1

PRAVDEFODOBNOIT, 2E 1 4 (2) NATAYAIY

= thM .

MAE  hy, o, by (ST (1))
Pl. eH [kk NIE )E hE-DOBKE( PRE
(SA(% Yo, Salh LM»]
£ " ?(SA v i) i /5LZ stt:":f,\?(oVANE/)




4 2( S)(SAUH,"-:L,H\(( :/‘

=7 \DMEHU“ NIE JE h%-bonkl‘{ PRE

¢
NEAwe” L LY - 1 = :2‘“ .

D PlA)] ¢ 62(2,“ |

PowaC (1) & (1) NAsTAYAYS , FOTON
Wy by s (244 c-pomRE RE A .

E ; 14
; : : e ¢
1AL b - AT € QA - (A ke ) 1)
+ l\ (A(h "\L.W AZ \ R ¢ (21(- Z) ¢ | +

PRE PEVNE.'( le VE

(Al Vs = Lo Al b )i AL
- ﬂ( ?UAK Sl S)(Sﬁ('“)(j) J

QUICENTT




) 21.04.2%MF
/ 5 PETer. Gmvo

NTINORE  VMRRANE KAP. 2 HP.SLo?]mm I

ozmte M = Alh, . b)), I\):/‘\q‘k‘1

I ME-N") 2 IMI-(M-N)) +
I M-NF N > £ (2416

=

~ Wl U &)
= IM-Nr 2 (25-2) ¢

SPOLY  DOSTAVANE
. l
IA (b, b ) = AT £ (251 e
~0 DoL) TRERA DPOUAZAT . nm




29.09. 20N~
4 PETER Cerng

VNT“\J O?)(o V“UBP\A'\IE/ KAPTOM % W(P, JLOLIMOs T ]1

N SANOY  PSEUDONAODN GENERATOR_ (MNULE)

OTVORENE PROBENM = MWIA W17y, RE2NE 2
NA KA HASH. FUu aex + b

POTRERDEN  Im-1 3oy \Zmﬂ/\M BITOV
M, k 0((03 h) s (koo dua)
X L\L(Y\ L]‘\

X W (x) x

qu (x) oL "N«b‘) lﬂ
1
~ s NAN OUOQ y\) FROESTOR ..,

RL ¢ LOG?
RL < TISP (rottn), fog(n)
(PMNE , SPACE)
CAs-2hoy . RL € ¥ (9¢)
... 2REDULKOVAL| POTET HASH. FUI. NA i .
. SnE SCHoPN SPoTMAT /‘\vT v LOG. PRIEITORE




.
Vany st 2 /\“ 0 BU2u(p TOHD,
00 (HCENE . VISEDOK  ZAOKRUHULINE

A PROES SPUSTYNE  2NOVU

(AR = A
k
OPAKWSENE  Jk - KRAT... DXSTANENE AZ

Baine rop2IMe. NIANOVYHO P.N. GEN.
X'h T X € [Kh

NVONNISON- LINDENSTRAUSE  LENNVS -
(REpUKtA PWENZIE) 5 VECKOY PRAVDEP.
AT 1] ko log n «on

Yo = A Xy S /Reogn

POTON V'ﬁ ”X.‘ ‘Xj ”z Y ” 1 =) ”z {03 "

/

R/ 2) (
PRIVADY POVATIA ' baaSTREANOVE APLIKACIE,

FOROVNAVANIE DOWVARNTOY X ... DOKUNENT
POROVNAVANIIE OBRAZKOV X{ --. OBRAZOK

AUD  NADSTT DETERNINISMWY A V6. RIESIORE

PROBLET NONO  DERANDON20VAT™ FONOCOU
N SANOV MO PSEUDONA‘H., GEN .

([ Swakwmr 2007




2/3 26.09.2_/044 o
PETER CERNO

NWNO%Q VWBMNE’ KAPITOLl Z V‘)’ﬁ SLo?mJn 1l

Grae G 3= (4, £) ~ Exeanssk

G ”\“REGULA%W,[SJVISL\{]
n VRGO U4

M(8)= (cvsenip §) vy §
£ .. KONIMNTA

VSV, |S1e g [T 2 (Aee) ¢y

ZRENE  PRENER  GRAFL 3B O(Ulog n )
- RENENE 2 loy, N

PRE S A € 9 POCET CIEST 2 ¢ DUy
~NAwvie 2 (oamn otINon ANy ...

ALGEBRMAICK A DEFINITYA  d-REGULARNY, [souiscd |
GRAF  (; 9= (d, \) - ExeANDER <=
DRUME" NAVATIE  yummee' Q5o (v A Nodw.)

NORDAU 2 DVANED) @) NATCE  SUSEDNOIN ,4]('r
= 4N 2w ko A (G)

MANCA  AG T §Ac OE STO0MATTIKA




ZRENE  NAVATHE . Thio Ae & =d
n. MNE AL e =,

PRIILUINY VL vEKTOR - (111

7 KADY d-reg. [sovsef ] oar Om (A1) -
PRE o~ REC. GRAE 5 \i. Qlsean) (EP VRIS W
PATY: () G 0B sévsef < N o
@) G e mimrnT™NY & N\, = -
(W) ACG 2 svustl 4 NE E RIFRANY D)

\fiZ 1 - l >\L ’ < '1~ ;% (NETRIVW{LNT D(’SI(A'Z.\
?UV&'/L‘\O'\E :

(Ac)t ... AN NunoRary, k7. 98
dt-REGUWRNT ... Ouuade  (G° ~
Act = U\‘(,)Z . Da sa ZOREcNm N G

PRE o -REG sdusyy ,  NERIPARDITNG (-
nl 1 nJ 4
me kant om IN|T4 (1-8)" ¢ g
1
- GRaE (M OE Uk

ZI6-2A6 FRODUCT ... 2L09+A' DEEIN{c
POU2VIENE.  RV. REPACENENT  PRODUCT




( 040N &
%! Perer. Cerno

_NTINOM VV&RANE( aPIor 2 VIR Swdtoen T

G H

n VRUHOLOV d VROV
d - REGL LARNY o' ~REG YLARNY

(l’oZbr\! ® NI
JE DEF. JFDNOZNADNE.

!
| no RG-0Lo Y
- (d'+1) ~RELULARNY

G . G ®H
kes H x (d, N)-Exranoer , XN'= 7,
“Pron X (6®H) & A(G) -
PLATT NIECD  AXO %(4- 2(G)) ¢ 4~XL6®H\
BUDENE  OPAKOVANE  UNOCNDYAR_GRAT
A WKONAVAT  REPLACENENT PRODUCT ..
. Mxona'ne Oltoy n) - kT .

( 4
VUISLEDNY GRAR  BUDE POLINONIAWNE  VELKY
bOKONCA STASY .LOGL. PRIESTOR . .




06.05. Lo/ Fr
4/3 PETER CERNQ

NTINORE  VYRRANE kap, 2 VPO, SL0DTosT

KOMUNIKaTRA” ZLoTosr

~ - /
ALICA - BOg é LUBOVOU\l:‘)
h UNKCIA 2NAMA
xewomr L Ye {0 | ovon o A

AU A Bop v srodtraT 5y ) Gop x ...
5:Xx{ > 7 , WE 2 E KNENE TEEIQ
ZANINANE $A O :

= POCET BITOV, KT SI NUSIA \MNeENIT
— POCET SPRAV , KT.§) VINENIA = tOCET KOL

/ 1 Ak X‘ NAS NopeL -
PRIKLAD : §(X/P {0 Al K#(\} 1sPrAVA = 1B 1T

~ KOCKO INFORMCIE TREBA PRENES- L
-~ L, DO NEZ ¢ 4 (g (log |2[)

T OBECNE N+ log 12 piToV

OOHObA @ K™ na krawsy  |sTVP

STRIEDANE. = (KT WEDY HOWR/ N\
PROTOKOL = ZAKORENENS BINARNM  STRON

PRE WAZDY WNUTORNY U20L. v MAINE FunKQIy :

)




Oy ° X - {O:“/ ALEBO PuNiK v
by = {2 {01y

A KWADY LT E OHODNIOTENY PRWKON 20 2

Ceng PROMOKOL) = ded

H3KA sTRony PRONMUKOL)

(NEKNRE BTV 2y
B17 NEDQSITUMNE _
AE TO SE ok )

ze L ... SmAyNs  HOboTA J(xg)

__I/_(\')HU\MAM’ 2002108 FUNKCUE § .. D
P() = CENA NayLAWNEDEMD PROPOKOLY PRE £

Ve D) ¢ loy IX] + tog |2

PRICLAD : MAXa ( x, 4) = max (x\;g)/ —
KPE X S 1, n}

D(MAX,) ¢ n+ r(o@ﬂ

D(MaXn) ¢ 2Ttogn]




2 0. 05.20)Fr
A PETER Cerno

NTINOAL VMBRANE KArTOG z MNP stodmosn 1T

MED, (x,4) = MEDIAN  x (ﬁ” v
MULTIMNO2INOVE ZIEPNOTENIE
DO\?ED,\> = O((oa‘v\)
DA SA O((Ogﬂ

KONBINATORICKE OBBZNIKY

X, ¢ - AxB < XM ok KomB. oBDEINKK |
ENM : V€ XxY 98 Kons. ORDIINIK <=>

V (xy), (xiy)e Ve (xhy)eV
Y A

|

Y 1

o2alE R, = {(vy) e XxT | o
NA VITUPE  (x,4) DDWIENE b0 RCHOW Vv

Ry E Komiy. ORUNIK |




ROR A

0
1
0
1

101010 10 X
ALlcA )

FUNKCA § OE ROWAKA" V KAZDON oppl@Niku . Ry,
KT ZObPOVEDA' NEAKENL LISTY V.

DOWNE ODHADY N4 KON, ZLOZTOST ..
# ENEv NA RO2USENE  (OW) PR EQ)
log H LSTOV = o = HEMKY
(09 H MONOCHRONMATICUSCH O@C?jc(ov‘ KTORE
POTRERWEN NA TO, ABY son PokRYL € ...
H NONOCHR. ORDEDNIKOY > & 1~ DRDUENIKOY
v preavE EO . #1-oDuuoy = IX) =¥
> prROMKOL MR > [X]|+1 usov
> eNa z fog (IX]+1) > n
> \ng 7 b+

DEQL) 20+l 3 D(Ep,)=h+4

RN



3 06.05.2011F
/ PETER E'Eklwo

NTINOJe VMBRANE Wap. 2 WrOTEN Slodmrst 1L

DEﬁERvamME/ PROTOKOLY , ODMADY
FOCTY  ORDUSNIKOV
D (PariTa ) = ) |
DIsIn (xi9) = [x0y =81 xycth-n}
" PRIKLAD POUDTMA ©  EXICTWE TERNN, kepy
At Alcs a3 Ror wino b
NORNS  OdMan D (bisyn) & h+A .
3 9" pwaic (AjA), Ac T 0t
Mou MAT TEN IS™ konr. ORDYNiK ©
ak AR, (AA), (B,B) €V, rmon |
~zvene (B,4), AN (A,B) ¢V,
PRETOZE DIsY, (AA) = D15, (B,B) =1, A=
DIsA(R,A) = J%(A,EFO : |
= ¥ 0"+ ooy > D(DiS),) =t

LENMA : POKIAC LUROWINE RODEENIE Xx
NA MNONOCHR. OBDUDNIKM PRE § ORSANDE
AsPON £ OBDUZNIKOV, poron D (5) 2 log, € .




D19 (% Yy} = (S, X"V":D)
DEFINANE  |P, ()"3\ e (ﬂ. x,«,,—) mod

D(IPy)=nt1 . boond Obmad My oo,
POCET () -ORpI2NIKOY = — S
A n - 1n-A f‘“’:ffi.?“—‘_
=10 =z29 AF‘f:/ -
L o _r
<A> <BY ... GF[2)
SPAN]
3 D&D\.’NM
QGAVI )‘)1/ L‘LCR

{allY = 4all, > 20 o <alb+b, ) 0

Ar,.-.,a, 9E 042n A D din LB = h-k

PRETOX <Ry OE ORTOGONALNY Doruvox <A
| <A> x <B> , ( Q‘dim<4>+d:~<@>:2u

——

K Ny
N\ 1- OmuaNiwey

QQnJ'

= # ORDIANIKOY >

::7 2L02T0ST N . 0




1.05.20
4/ 4 PEMER CERNO

NTINORG VMORANE iar. 2 VIPOTEN! SLoDmpsm TT

| DOPISAT rozwdnit 20 0405 ~Zo441\]

ALlca : Kon POZNAGY
X ST- Y Xx1>T
| KGX | /
¥ H -
ey Auch # Rop GHed srodfmar 5(x, )

KONUNIKATNIY  PROTOKOL  (£TRoN |
5 Y

(E—
/ // ’ x""’ja@fv\ £

VETA : KONUNIKADW ZWw2nost D) »
2 Coy rank (1]

Ms SA DA UDADRIT AKkO SUTET

Mg, +WR1
0
R

rank U/’p\ =

—

—




ZREONE T‘QV\L\O\J)CS) & 22\14 Fank (HR\'\

PRILD © §Coy) = (x=y)
EQ

DG) > loyn

"]

0 PO 2ZNANKA ; S
m"kchz“Jm) rankg (N)

>
t — 3/

VETA D(§) Z rank 0)}> + (CVIC\EN)L\

(Q?a;rqn k CONDECTURE

D(5) £ 0oy rank (M) “

PO20R KA PROTOUOL ZODPOVEDA'

POKAITIV - ORDE 2NN,
ALE NAOPAK O NEPATY

Ol =
~
-~ =20




NS0 &
Z/ 4 Peter Cerng

NTIND B[ VMBRANE kar. z 1P 509 og1 1L

NEDETERNINISNCUN  NODEC  UoN. ZLoDTorN

REF PQILE NEDET. BITY
AU A / \ Boxg
X 1

~Rlupp . RE - EQ  smaQ), ART
ROZMOD (A PosalL ALiC) A Boso v
INDEX, XDE" 54 x5y oD 4
< NEb. kOn. 20071957 & log n + 2
VETA © EQ M NED. koh. 20005t h A
NOTAcA = NO(§) ... NED.uon.2C. §
N'(8) ... NEb.kon. 20, §
TWROINE, 2 N°(EQa) £ log h 4+ )
N! (EQn\ = nt
DA SA (ANWO NAMUWDNUT, 2E
\\11(5\ - 603(:11 a_r.pmomovw’w

OV DU LNV POMR“‘\/Ap\fUCH
JEDNI DU s,) + 2

/\




DA SA UKA2AT A5 DFATDNAY NEROVNOIT -
N'(s) > Loy (DN # OBDUz\”KoV,,,>

ROZMOD(A VLASTINE  ORAY, AW PRoTOK oL
NA Atica A Bos Pov2r ...

PRE 'EQ JE hawny, & ORDL{ﬂ\NKOV Qn .

ETA = DE) £ O (N"(®)-N'(+))

Doknz

K 00--0 T

—~— l

/
1) VIZNATENE ORDUNIMY  ZDIECHIY RIADOK
(A WZMA@EMF;(. — 1— STUPEC
»o o—n NIC NE2bIE AU

PRONOKOC :  Ponocoy  1-ORDENIKoV
BUDENE Y KADPON KROKY EUNINO VAT
poLoVicv O -Onp(Duikol




1 B0S. ToMFr
A PETER. CER\O

NTINOG b Vusrang Kap. 2 viroQenul co3. I

ALICA ¢ ~ kKEp WETXY O-0BbCyny

U NETVE > MaTur A
- INAK NAODE 1 -0BDUINIK, KTORY

FOKRIVA x, A TENT 1-0BDUINIK |
_ POKRMVA  PAXINAWNE 15 2wy

O-osptdnmaly (v rapkoci )

.. PRISLUONE’ QL0 PORE  RoBov|
Rop : ~ KES AU NaA - Obb. y
- /

PokraATDY DAWN Kkolohn
~ NAODE 1-OBDEENIK, KT- FOKR7YA Y
- (V sTreocy )
~ POKJAC T D WwWstwve O

NAK POSLE  Ap gy PRISWINE QL0

zLodmoyr 4 kos oE N'(s) .

ORDUZNIK SA JTANE NMRYVT | KED o
NEPRETNE  OPOSLANY /- ORpU 2Nk

KED 5()(,*3):1', poron  Adlcn / Bor
ZNIDA  PoteT 2oy O-0mbUNIKOV Na 1L




TAKZE PO O(N%L)) KOAty  ZARIDY
WETXY  O-pspr2niky A AL(Cy
VRATY visTup A

KED $(xi9) =0, PO™N O-puvdfk
OBANuWO Q) (%,Y) NENDOE NikdT 20nR(ET
2 0 NAawvlag O (NO(&)) URO Koy
BOoR WAT Wistur (). 0O

PRAVDEPODOBNOSTNA' KONUNIKADN ' 2(0T.

~ ALICA DOSTANE TRED SFUSTEN/) PROTOKOLU
NAMODNM  RETAZEC Y

- RoB DbostANE ... rp
7
AUQL\ % EOB
X Y
Y,
A - R

RXITWE  VECA VarANT PODLA TONHO
A0 0Ob ToHo PROTOKOLY CHCEN ...

S MRy L Re(d)

= JEDNOSTRANNA Cpa .. RJ($)

~




13.05. 201
H/q PeTeR. CERNO

NTINOA(, VVIBW\!E( KAP. 2 Vﬁ'rot?gwr/&o?ﬂ

l’Kl/kLP,D c Re QEQ\

- JE NOINE  APUKOVAT SANOOPRANE KdpT
T . NASKIR APLIKVIENE  SANOOF. Ko

A POTON  VHRERIENE f POROWNANE METD
kod{ ~A NA log N NAH. PouIACH

O Ak b o NAH. RITY ZDIEWNE,  Popgn
sTAQ’  PORONAT PAR[Ty  NAHOBNE  MBRANMCH
POPONODN  (HadANARDOY koD )

- 200U SA NAH. PRIGDSLO 2 PRWCH p?
PRUWQSEL . ALiIch INTERPRETE X AKQ
(ELE A5 A PSLE (X MMP, )
~Bog OProviE ;& X2y (wadp) .

(WS Cnsun EPA O 219Bkoc )
Pp\fgmy roDOBI\m‘ "I/‘HHOIMMJU

SUKRoNNE VS VEREDNE W4'HoDNE B)Ty

—> NAsLEDWECA PREDNASUA




1/ 10.05.90M
/(L PETER CF;’QNO

PNFDMDM MBRANE KAP. 2 HPotEN stoz . 1T

1405 20114 . PREDAASUA Obrapa'
4. SERIA .. NA WEBE — VIREDF NA SKusku

op 1. AUGUITA NIE JE NONE V& N4 SKUIWY

K\O NUNIKA TN 202201

I~

AlcA _—  Bog

L X g()(/:}\ %
[ | * NAHOMNE BT [T
AK SO NAHODNE ©ITY 2DIELANE | PoTyn)

R (EQ - 0(1)

APRE SUKR()HNFI NAH 0DNE BTy E

PHV

1/3 (EQ) = OUM& ‘”)

) rmv
OBE(NE PATY @ : 4/3*2(5) % () +0(toy n )
(NewmNl 30’ IVINOE PROTOKOL PRE 3,
AT. FOUDA VEREINE NANODNE RITY 4 € bim) .
KONUNIKAUE

ZQSTRODINE  FROTOKOL SO cSURONAMNI NAY.
gt At +OWUogm) BT KONVNIUACIE




WBERENE  0n  N4h. RETVAZWOV 13, -, ¥y,
PROTOUDL P: A(ENKA NAHODNE
VRERIE (e 34, .., 10n} A4 rane  Bogoy)

A+ B koNuiwsy AKD S NAK. R1ImY| .

UAZWNE PEULNE X, ¢ . AkA xm PRAVD.,

2E PRE NAHODNE  ZUOUENE” e Moy, -

It FlotR) = Spap) 1) 2 b
puzene, e B, [ <6 ] <
kot Ix|=]v]=n

[l.\<¢m]3

101 Top

[{:? [ Poarr) =5 25 )

z rOn 1S] (4\’)))5‘ é é Z—Lh.

SST1 ., 104} CVICENIE
131> 4

}

g NoNe POV T (MERNOFFOW NEROWOST.

|




/A 20.05.20 Fr
/1 PETER CeriNO
‘N’DNOM VL ORANE WAPITOlY 2 WF SLo> . 1]

POUZME PRE DOLNE ODHADY FPRE
PATOVE STRUKNSR  (CELL PRogE MODEL)

St Ny (0 151 sty 00)

CHCENE PAT. TTRUKTURY, KT. OPFOVEDA
“NA DOTAZM TPL te § L

l

C  RERREZENTSEN V

ALLA €& —,_~ CELL (BN
QUER1 L T L Rimoy < n
N BITs\f L ‘. \

~ / BIMoy [T QBOB
v

POCET BUNIEK ...s
KONVNIIKA LA

REZ, t KOL

DAT . TTRUKNIRA ORGAMWE POPIS NEAKEHO
poprRESTORU - V' GF,"

QuEry (e GE" .. bvoTAz (eV 1

ava (D = ros(v)




VETA KAZD PROTOUOL PUIE LA
o RAPoVO {L(n) Bitov Ob Auc
k Bokovi, AERo ~L(n2) oV
op 3orga K ALicl.

BEZ DOWAZY. (T

POSLEPOK ' s= _7_12_("/1&)

DWADSNE L =n A #P0TA20y T

Ron Lt imm)l ALICA

Ak t € o(n), roony Aucp

Must BoRow) PoSIEWAT fabovo ﬂ“‘) BiTol/
P AU POSIEW U(}) Riov / boTat ﬂ
7 lgs 2 Q). o




