The 4-color theorem:

T Vvery normal map can be properly 4-colored.
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The 4-color theorem:

T Vvery normal map can be properly 4-colored.

Coloured map of France
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Gvotzsch  theorem:

Plomar + w9 ‘r-viaw\gle

=2 X £ 3,

Creating a dual graph

Graph of the map of France
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History of the 4-color theorem:

First asked by Francis Guthrie m October 1952
Kempe “proved’ It in 1830

Heawoeod found a hole m the proof

Furthermore, Wie showed Kempe's method would ot alwavs werk!

PG. Toalt 199D, wntreduced a  reformulation and claimed a proof
based on ot proven claim.

o cvery cubic bridoless (planar) agraph is Hamiltonan"

e ©VEry cubic bridgless graph 15 >-edge-colorable”

Disproved by Petersen 1640
— Disproved by Tutte 1040
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Tat's reformulation of the 4-color theorewm:

"Every cubie bridgless planar graph 15 2-edge-colorable’

Proof fhat fhe two claims are eduivalent:
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Handdhake Lemma

The number odd-degree vertices of any graph s even

> yuemboey d‘ veYt(ces 0’@ o Cubic g'mp\f\ (s CUEN\.

—Tf G i cubic & x(6)=3, then G s bxio(ﬁeia:%.

Observotion. G cubic plomoy CO Jual of C
bvidgeless > a0 \wop.

G’ PLWY\E’_ "’CYi&Y\(}\L\O&L‘OY\ — GO cubic bﬂ(&g\ess

- =
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G—L\J(’JV\ \ entex @meg \Lsme\ 00,0V,10,\\ we c\(\.(mae 1w A0
C%e, a{(miv‘na A +the dAwJ., ond Cof\\leﬂsebﬁ Sivezvx o eodge-calming

we C\I\M\ae WX AD ventex Oollmi\ft(i vt hete we hove 0 show thet

0 WY C@’tﬁrc‘né ie well-defined & W“”U
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Notions to study:

Chromatic number,

edge-chromatic number,

nowhere-zero flows,

Hamiltonicity
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Dischargng technique:

Example.  Given a planar geaph G, either

there exists a vertex statisfuymng d(v)< b, or

there exists an edge uV staustisfying diwy edey <l

A PYOO‘(' O'ﬂgih,nl- c\uwﬁe-. c(v) = o((\r\ -6

‘(0‘{ = sc(v) ¢ -\2 <0 (&df’/\/ 'gm’m‘"L&)-
tvngubt('ms

Discko«a(nﬁ e oV, d ca) 31, A(v)zﬁ =>w
o L t0 v,
3

I G s o conterexamgle, +them whtor this process odh vertices
Wwave m‘(\egativc d,\,avga, Comrdicﬂ‘nq S c(v) <0.
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Dischargng technique:

Example.  Given a planar geaph G, either

there exists a vertex statisfuymng d(v)< b, or

there exists an edoe uVv staistisfying diwy edey <l
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Discharging  technique:

Example.  Given a planar graph G, either

there exists a vertex statisfying d(v)< L, or

there exists an qu)e uvV ngaigﬁgjf\,]m@ O((UL)H{(\/}QI_

Tntroduced by Wernicke 1904
Further developed by Heesdn to attack 4-color problem.

The tednnigue was successfully used to prove the 4-CT
Mate) by Appel & Haken (1432 forbidden configurations)

Roberstoon, Sanders, Seymour & Thomas (19496) provided alternative

proof with 6223 forbidden configura tions.
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