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O0’€eKT DOCTIMKEHHS . XPOMAaTHYHE YHCIIO A1 PI3HUX KJ1aclB rpadi..

IIpeamMeT D0C/IIKEHHS . METOAY CIIEKTPAIBHOI TEOP1i rpadis.

Meta podoru:

IpOaHaJlI3yBaTh METOAU CICKTPAIILHOI Teopli rpadiB 4
3HAXO/KCHHS XPOMAaTUYHOI'0O YKCiia a00 OLIIHKH MOro BepXHiX Ta
HHKHIX TPaHULb IJIs PI3HUX KJIAClB rpadiB Ta CKJIACTH aJITOPUTM 1A
PO3PAaXyHKY OI[IHOK XpOMAaTUYHOI'0O YMCIIa 1 peall3yBaTH Ha MOro
OCHOBI IIPOrPaMHUM KOJI.



CnekrpaJjbHa Teopist rpagiB — HaIpsIMOK B Teopli rpadis,
1[0 BUBYA€E BIACTHUBOCTI I'padiB, XapaKTCPUCTUIHUX MHOTOUJICHIB,
BJIACHMX BEKTOpIB 1 BJIACHHUX 3HAYCHb MATPHIlb, MOB'I3aHUX 3
rpad)oM, TaKHX, SK KOro MaTpulsl CYMDKHOCTI a00 Marpuisd
Kipxroda. e Hanpsm BuHuK B 1950 — 1960 poxkax.

HaliMeHIIa KUIBKICTh KOJBOPIB, SKa HEOOX1gHA IS
po3dapOyBanHsa rpada G, Ha3UBAETLCSA XPOMATHYHUM YHCJIOM 1
3a3Brdai mo3HadaeThest X(G).
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NOCATAETHCS, HAPHUKIIA, ISl IOBHUX rpadis.
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BepxHsi olIHKA 3a MAKCMMAJbLHHM | — 1HJICKC, IKMH JTOPIBHIOE MAKCUMAaJIbHOMY

BJACHHUM 3Ha4YeHHsIM (TeopeMa BIIAaCHOMY 3HAYE€HHIO 3B’SI3HOTO rpada.
Yiaga) X(G)<r+1

BepxHsa Mexa 1 XPOMATHYHOIO 1
X(6) <1+ 2m<1 ——)

YHUCJIAa IOBHOIO rpaga -

BepxHd onmiHKa KLJIBKICTIO peode
P B peocp )((G)S%+\/2m+%

Bepxnss ominka 3a Teopemor G (V, E) — moBinbHMII 3B’ I3HUI HEOPIEHTOBAHUM rpad
Bpykca 3 MmakcuMasibHuM creneneM A(G) — y(G) < A(G),
ko G (V, E) — kiika ab0 HemapHHM ITUK
x(G) =AG) +1

Bepxusa ominka kijgbkicTio pedep i G (V, E) — noBinbpHUI 3B’ I3HUI HEOpIEHTOBAaHMH rpad

. . . , . n?
KIIBLKICTIO BEPIIMH (BEPXHsl OUIHKA , BepIIHHAME i M pedpamu. Tomi — < x(G)
I'ennepa) i




HuxHa oninka 3a r (r # 0) 1 — HaiiO1IbIIe 1 HAMEHIIIEC BIACHI 3HAUCHHS

HAUOLJIBIIUM | HAMMEHIIUM rpada G, To
BJIACHUM 3HAYCHHAM X(G)=>—+1
(Teopema Xohdmana) 1
Teopema IBeTKOBHYA G — rpad 3 N BepMHAMU, 1HAECKCOM I 1 XpOMaTUYHUM
gyuciioM X(G), To
X(G) =
n—r
HuoxHs oniHka 3a G (V, E) — moBinbHMi1 3B’ 13HMI HEOpIEHTOBAHUM rpad 3 N
MAaKCUMAJIbHUM PO3MipoM BepIIMHaMu. To/l

He3aJ1eKHOI MHOKUHH n/a < x(G)



Ipukiaaa podOTH IPOrpaMHOro MPOAYKTY

1. JIBopoabHMM rpad
1.1 BBeneHHsT MaTpuiil CyMI>)KHOCTI

1.2 O0urcneHHs BJaCHUX YMCEJ Ta BEKTOPIB

aiven matrix has such eigenvalues and eigenvectors:

Eigenvalue:

-1.931851652578134

Eigenvector:

[ @.5824751% @2.15687376 2.42842142 -8,3238151134 -8.38151134 -8,52222297]

Eigenvalue:

1.59318518525781368

Eigenvector:

[-@.522£751% -2.15687376 -2.42642142 -8,328151124 -@.38151134 -@,52222297]

Eigenvalue:

-8.999999099999999395

Eigenvector:

[ 4.4721359%2-21 -4,47213595e-81 £.257841122-16 -4,.47213595e-a1
4,.472135952-81 -4.47213595e-81]

Eigenvalue:

-2.51l753889822528411

Eigenvector:

[ 8.156@87376 @.58247519 -2.42648143 -8.38151134 -8,38151134 8,52223297]

Eigenvalue:

1. @20aaad28aa2281

Eigenvector:

[ £.47213595%2-21 -4,£7213595e-81 2.8972491%:-16 4,£72135952-81
-4.472135952-21 4,£7213595e-81]

Eigenvalue:

2.51753 82582058415

Eigenvector:

[-8.15687376 -8.5824751%9 @&.42648143 -6.38151134 -8.381581134 6.52223297]

/




1.3 BuBeneHHs1 mpaBUIbHO po3dapOoBaHOro rpada Ta TOUHOIO 3HAYCHHS

XPOMATHUYIHOI'O YHUCJIA

Exact Chromatic Mumber:
2




1.4 O0OunceHHs BEpXHIX Ta HIKHIX OLIIHOK XPOMAaTUYHOTO YHUCIia

Upper Limits:

Upper Limit From Maximum Of Eigenvalues:
This function took less than 10°-16 seconds to execute.
Limit is 2.931851652578138

Upper Limit From Dimensions:
This function took less than 10"-16 seconds to execute.
Limit is 5.281744192888377

Upper Limit From Edges Quantity:
This function took less than 10”-16 seconds to execute.
Limit is 5.216990566028302

Upper Limit From Brux Theorema:

This function took 0.01099085807800293 seconds to execute.

Limit is 3

Upper Limit From Heller Lemma:
This function took less than 10™-16 seconds to execute.
Limit is 2.5714285714285716

Lower Limits:

Lower Limit From Maximum And Minimum Of
Eigenvalues:

This function took less than 10"-16 seconds to execute.
Limit is 2.0000000000000018

Lower Limit From Regularity Index
This function took less than 10°-16 seconds to execute.
Limit is 1.3846153846153848

Lower Limit From Maximum Independent Set Size:
This function took 0.0019981861114501953 seconds to
execute.

Limitis 1.2




2. IlloBuuu rpad

2.1 BBegeHHs MaTpHIll CyMI)KHOCTI
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2.2 O0OuHCIEeHHS BIACHUX YHCEJI Ta BEKTOPIB

Given matrix has such eigenvalues and eigenvectors:

Eigenvalue:

-1.0

Eigenvector:

[-0.91287093 0.18257419 0.18257419 0.18257419 0.18257419 0.18257419]

Eigenvalue:

5.0

Eigenvector:

[0.40824829 0.40824829 0.40824829 0.40824829 0.40824829 0.40824829]

Eigenvalue:

-1.0

Eigenvector:

[-0.09779559 0.90883893 -0.20276083 -0.20276083 -0.20276083 -0.20276083]

Eigenvalue:

-1.0

Eigenvector:

[ 3.64918457e-17 -4.74666155e-17 -5.00000000e-01 8.33333333e-01
-1.66666667e-01 -1.66666667e-01]

Eigenvalue:

-1.0

Eigenvector:

[ 3.64918457e-17 -4.74666155e-17 -5.00000000e-01 -1.66666667e-01
8.33333333e-01 -1.66666667e-01]

Eigenvalue:

-1.0

Eigenvector:

[ 3.64918457e-17 -4.74666155e-17 -5.00000000e-01 -1.66666667e-01
-1.66666667e-01 8.33333333e-01]




2.3 BuBeneHHs IIpaBUIbHO po3(hapOOBaHOTO rpada Ta TOUHOIO 3HAYCHHS

XPpOMATHUYIHOI'O YHUCJIa
1

Exact Chromatic Number:
6.0




2.4 O04YMCIICHHST BEPXHIX Ta HUKHIX OI[IHOK XPOMAaTUYHOIO YHCa

Upper Limit From Maximum Of Eigenvalues:
his function took less than 107-16 seconds to execute.
Limit is 6.0

Upper Limit From Dimensions:

This function took less than 10°-16 seconds to execute.

Limit is 8.071067811865476

Upper Limit From Edges Quantity:

This function took less than 10”-16 seconds to execute.

Limit is 8.262087348130013

Upper Limit From Brux Theorema:

This function took less than 10°-16 seconds to execute.

Limit is 6

Upper Limit From Heller Lemma:

This function took less than 10”-16 seconds to execute.

Limit is -1.5

Lower Limit From Maximum And Minimum Of Eigenvalues:
This function took less than 107-16 seconds to execute.
Limit is 6.0

Lower Limit From Regularity Index
This function took less than 107-16 seconds to execute.
Limit is 6.0

Lower Limit From Maximum Independent Set Size:
This function took 0.0019969940185546875 seconds to execute.
Limitis 1.2




3. I'pad, AKkuid He HAJIEIKUTD 10 KOAHOI0 KJACy

3.1 BBeaeHHs MaTpHIll CyMIKHOCTI
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3.2 O0O4uCIEHHS BJaCHUX YUCEJ Ta BEKTOPIB

Given matrix has such eigenvalues and eigenvectors:

Eigenvalue:

3.64575131106459

Eigenvector:

[0.47922932 0.47922932 0.39434614 0.39434614 0.47922932]

Eigenvalue:

-1.0000000000000007

Eigenvector:

[ 8.16496581e-01 -4.08248290e-01 -5.05854502e-16 -5.06721863e-16 -4.08248290e-01]

Eigenvalue:

-1.6457513110645903

Eigenvector:

[ 0.32198228 0.32198228 -0.58693366 -0.58693366 0.32198228]

Eigenvalue:

0.0

Eigenvector:

[-1.30841038e-17 4.00459955e-17 -7.07106781e-01 7.07106781e-01 1.22904198e-17]

Eigenvalue:

-1.0

Eigenvector:

[ 1.35584079e-01 -7.65081591e-01 2.13775490e-17 -1.51258330e-17 6.29497511e-01]

13




3.3 BuBeneHHs npaBUiIbHO po3(papOoBaHOro rpada Ta TOYHOTO 3HAYCHHS
XPOMAIMYHOI'O YKCa

Exact Chromatic Number:

None




3.4 O0OunCIeHHS BEpXHIX Ta HIXKHIX OLIIHOK XPOMAaTUYHOTO YHCIia

Upper Limits: Lower Limits:

Upper Limit From Maximum Of Eigenvalues: Lower Limit From Maximum And Minimum Of Eigenvalues:
This function took less than 10"-16 seconds to execute. This function took less than 10”°-16 seconds to execute.
Limit is 4.64575131106459 Limit is 3.2152504370215302

Upper Limit From Dimensions: Lower Limit From Regularity Index
This function took less than 1016 seconds to execute. This function took less than 10"-16 seconds to execute.
Limit is 6.366563145999495 Limit is 3.5714285714285716

Upper Limit From Edges Quantity: Lower Limit From Maximum Independent Set Size:
This function took less than 10”-16 seconds to execute. This function took 0.0009987354278564453 seconds to execute.
Limit is 6.520797289396148 Limitis 1.25

Upper Limit From Brux Theorema:

This function took 0.026983022689819336 seconds to execu
te.

Limitis 5

Upper Limit From Heller Lemma:
This function took less than 10°-16 seconds to execute.
Limit is -2.272727272727273




IlpakTH4YHE 3aCTOCYBAHHS: CKJIAJTAHHA PO3KJIATY

0011101010110
0011010101101

1101101010110 - [['CAH].','CAHZ'],

1101101010110 .
1010001010110 ['BJ JI1', 'B/1 J12'],

0101000101101 / . & ' /"',.A, ['Mar anamis'],

1010100011110 . i , | ['Exonomika?2’, 'Mar anami3 [1pl],
0101010011101

['Exonomikal’, 'Mar anami3 I1p2'],
1010101100111

0101011100111, _ ['BA [pl', 'BA T1p27],
1111111111011 64nn n? ['CA TIpl', 'CA ITp27]
1010101011100
0101010111100

CkJ1agaHHsl MaTpUIll Po3dapOyBanns rpada Pesyneratu
CYMDKHOCTI 16




JlumiomMmHa poOOTa MOPHCBAYEHA aHall3y METOIB CHEKTPAJIbHOI Teopil
rpadiB, CKJIAJaHHIO AJITOPUTMY JUJIS pO3paxyHKY BEPXHIX Ta HMKHIX OILIIHOK
XPOMATUYHOTO YHCJIA JJIs PI3HUX KJIAclB TpadiB Ta peaizamli IIporpaMHOro
KOLY.

3a JOIIOMOIOI0 METOAIB CIEKTPaJbHOI Teopli rpadiB HPOBEACHO aHall3
pPO3paxXyHKy BEPXHIX HAa HHKHIX OIIIHOK XPOMAaTHYHOIO YHCJIA IJs PI3HUX
KJIaC1B rpa@is.

HoBu3zHorw pgaHOl poOOTH € [OpOorpaMHUM KOJI A PO3PaAXyHKY
XpPOMATUYHOTO 4YHCjiIa a00 OIIHKM MOro BEPXHIX Ta HIDKHIX T'PAHUIb IS
PI3HUX KJIaclB IpadiB 3 BHUKOPUCTAHHAM CIIEKTpaJbHOI Teopli rpadis, a
TAaKOK PO3pPOOJICHO IPOTrpaMHMK MOPOAYKT, SKHH CIPOIIYy€E MPOLEC
CKJIaJIaHHS HAaBYAJIbHOT'O PO3KJIady.



JISIKYIO 3A YBATY!




