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OwnnepoB NbT B rpad

3agada: [la ce Hamepu NbT B rpad, KOMTO M3MNOS3Ba BCSAKO pedbpo B rpada TOYHO
BEOHBX.

Ownnepos umkbs: [la ce Hamepu UMKbI B rpady, KOMTO N3Mosi3Ba BCAKO pedpo B
rpadpa TOYHO BEOHBX.



Hamepete Onnepos NbT




PelwweHne

An Euler path: BBADCDEBC



PeweHne 2

Another Euler path: CDCBBADEB



Owunepos NbT -> Onnepos Lnkbn

[lobaBame pebpo B rpacda oT Hayanoto Ha OnnepoBUAT MbT A0 Kpasi.




[TpoBepka 3a cbLlecTByBaHE Ha ONNEpPoOB LUKbLIT

1. TlpoBepsiBame, 4ye rpada e cBbp3aH
2. [lpoBepsiBame 6pos Ha pebpaTta nsnmsawm ot Bcekun rpacd.ColuecTByBa
OMNepoB NbT ako TOYHO 2 BbpXa MMaT HeyeTeH bpoun pebpa.



MmnnemeHTauus

int isEulerian(list<int> *adj)}{

if (isConnected() == false)
return O;

int odd = 0;

for (inti=0;i<V, i++)
if (adj[i].size() & 1)

odd++;

if (odd > 2)
return O;

return (odd)? 1 : 2;

}



Kak ga Hamepum Ounepos NbT?

Anropntbm Ha Prebpu

e [IpoBepu ganu rpada nma TOYHO 2 BbpXa C HeYeTHM pebpa

e 3ano4yHu OT eaunH OT Te3n ABa Bbpxa U obxoxagame rpada npemaxsankum
nocriegoBaTesniHo pebpa KaTto BMHarn ako € Bb3MOXXHO ce u3bupa pedpo
KOETO HsAIMa C N3TpMBaHETO CU [ia NPeKbCHe Bpb3KaTa B rpada

Cno)Hoct ?

O(EA2)



Kak ga Hamepum Ounepos NbT?

AntepHatuea? Anroputbm Ha Xernxonsep...

Obxoxaame rpadpa ¢ dfs,kaTto BMHArn Kato MMHEM MO NbT MO N3TpPUBaMe.
Ob6xoxgaHeTo 3anoyBa OT eAMHUAT BPbX C HeYeTeH Bpon pebpa 1 we CBbpLUM B
OPYruaT, KaTto npu camoTo obxoxagaHe BEPOATHO vacT oT pebparta HAMa ga obaat
BKItoUYeHN. BpbLlame ce Ha3ag 1 3a BCEKN Bb3€EST KOMTO BCe oLle nma pebpa
npaBMM 06XoXxaaHe KaTo BMbKBaMe HaMEePEHUAT LUMKbIT B HAMEPEHUAT MNbT A0
cera.

CnoXHocTt?

O(E)



XaMUITOHOB NbT B rpad

3apava: B HeHacoueH rpad aa ce oTroBOpu Aanu CbLUECTBYBA MbT, KOWTO
BKMOYBA BCUYKM Bb3NKM OT rpadpa nocellaBanku BCEKM OT TAX TOYHO €UH MbT.

3agadvaTta nogobHa nu e Ha OnunepoB NMbT?

Moxxke nu ga npunoXxem CbLlUMAT noaxon?



PelleHne ¢ NbNIHO U34vyepnasaHe

1. ['eHepupame BCUYKM NepMyTalum Ha nopegmua oT BbpxoBe
2. [lpoBepsiBame ganu nopeguuaTta OoT BbpxoBe € BanuaeH NuT B rpada

Cno)HocT?

o)



[To-0obpo pelueHue

Backtracking:

PekypcuBHO OT BCekM BpbX NpobBamMe BCeku crieBall, Bb3MOXEH U T.H. OKaTo ce
n3yepnar.

CHnOXHOCT:

o\



Mma nn no-gobpo pelueHmne!

3a MomMeHTa HsMa oTKpuTO nonnHomuanHo pelwieHmne(O(N”K)), ako HsaKkon ro

OTKpUE LLIEe CreYvenn Harpaga oT MUMNUOH gonapa ;) :
http://www.claymath.ora/millennium-problems/rules-millennium-prizes



http://www.claymath.org/millennium-problems/rules-millennium-prizes

P->NP->NP Complete->NP Hard

[Mpobnema 3a XamuntoHoB NbT B rpad € NP Complete npobnem.

Ha cnegsawnTte crnavgose e aepuHmpame kakso e P,NP,NP complete, NP Hard
npobnemu.



The Class P

A decision problem is a problem with a yes or no answer.

e Example: Does there exist a pair of duplicates in an array?
e Not a decision problem: How many duplicates are there in an array?

Minor technical point: N is
the number of bits needed

We say that a problem is in the complexity class P if: to specify the input

® |Itis a decision problem.
e An answer can be found in O(N¥) time for some k.

Example: Are there two items in an array whose sum is zero? Can solve using
technique from discussion (sort, then use two pointers). Runtime is O(N?).


http://datastructur.es

The Class NP

A decision problem is a problem with a yes or no answer.

e Example: Does there exist an independent set of size k for graph G?
e Not a decision problem: How big is the biggest independent set for graph G?

Clyde Kruskal has

P . £, suggested that “VP” is a
We say that a problem is in the complexity class NP if: better name, for "Verifiable
e |[tis adecision problem. in Polynomial Time”

e A “yes” answer can be verified in O(N¥) time for some k. More precisely, we
can verify a specific example of a “yes” answer in O(N¥) time.

Example: Is there an independent set of size k? Yes, e.g. some set of red vertices
Q. To verify, check that all vertices adjacent to vertices in Q are white. Runtime is
O(QN), which is O(N?).


http://datastructur.es

Why Does The Complexity Class P Matter?

Problems in the complexity class P are generally regarded as “easy”. For typical
N, k, can complete execution within a human lifetime. Example k values:

e Comparison Sorting: 2
® BreadthFirstPaths: 1

Nice features of P:

e O(N¥) is closed under addition and multiplication.
© Run two P algorithms, overall still in P.
© Run a P algorithmin N times, still in P.

Exponents for practical problems are typically small.

IN O[IN*90000] TIM

[(cc)\A I/
9 BY NC SA


http://datastructur.es

Why Does The Complexity Classes NP Matter?

Many (most?) practical problems can be cast as a problem in NP:

e Isthere a way to route my airplanes at a total cost of less than S1B/yr?

e Isthere a way to route the wires inside this microchip with a total path
length of less than 1 micrometer?

® Given Z, are there two primes such that X*Y =2Z?

® Isthere a protein configuration for amino acid sequence X whose total
energy is less than Y?

Aside: can generalize idea to problems for which a “no” answer is verifiable.



http://datastructur.es
http://en.wikipedia.org/wiki/Co-NP

NP Complete Problems

We'll define a problem 1T as NP-Complete if:

® TTisa member of NP.
® 1T cracks every other problem in NP.

This raises two questions:

® Are there any NP-Complete problems?
e Do we know how to solve any of them efficiently?


http://datastructur.es

The Cook-Levin Theorem

In 1971, Stephen Cook showed that the 3SAT problem is NP Complete.

e 3SAT is a member of NP.
® 3SAT cracks every other problem in NP.

Punchline: If we could efficiently solve 3SAT, we could solve ANY yes/no
question whose answer we can efficiently verify.

3SAT: Does there exist a truth value for boolean variables that obeys a set of
3-variable disjunctive constraints: (x1 || x2|] 'x3) && (x1 || x1 || x1)

Levin later (1973) showed a similar result. See Cook-Levin Theorem for more.



http://datastructur.es
http://en.wikipedia.org/wiki/Cook%E2%80%93Levin_theorem

NHTYyUTUBHA OePuUHNLNG:.

NP npobnewm: Npobnem 3a KOUTO MOXe Aa NPOBEpUM Aanu AaeHOo peLlueHne e
BAPHO 3a NOJSIMHOMMASTHO BPEME.

NP Complete 3agaya:3agada 3a KOATO ako ce HaMepu peLleHne 3a
NonnMHOMMaNHoO BpemMe, TO TOBa e AoBeae A0 aBTOMaTUYHO HaMMpaHe Ha
pelwieHne 3a 3a Bcuikm NP npobnemu.



NP Hard npobnem

NeduHnuma: Npobnemun, KOMTO ca NOHE TONKOBA TPYAHU KOSTIKOTO HaW-TEXKUTE
npob6nemun B NP (T.e. gopn 1 ga ce Hamepu nonMHOMManHo peweHue 3a NP
complete npobrnem, To 3a TsX He 03Ha4YaBa aBTOMATUYHO, Ye e Mma
NONMHOMMAIHO peLleHne 3a To3n Npoodrem).

[Mpumep: 3agaya 3a nbTyBaWMAT Thprosel, (Traveling Salesman Problem)

e [la ce HaMepu NbT, KONTO 0OXOXAA BCUYKN BbPXOBE TOYHO 1 MbT M e C
MUHUManHa ObImKUHA.

3a Tasn 3agava Aopu M Aa HU ce BbpHE Hal-KpaTbK MbT OT NporpamMa Kato
peLLeHne, He MOXeM a Bepudunumnpame pesynrtarta 3a NonMHOMUanHoO BpeMe.



NP-Hard

NP-Complete

P# NP

Complexity

NP-Hard

P=NP=
NP-Complete




ToBa e BCUYKO 3a OHEC.

KakBo cneaga:

e KoHTponHo 6 3ano4Ba B 174

e 17.01.2018 - INperoBopHa nekums Ha matepunana. NpMmepHN MHTEPBIO
BbMNpocn. KOHTpOsHo 7

o 2/7.01.2018 9:00 nznut



