FUN WITH GRAPH THEORY



GOALS FOR TODAY




WHAT 15 GRAPH THEORY!? o @



A GRAPH 15 A MATHEMATICAL OBJECT CONSISTING OF CITIES
(VERTICES) JOINED BY ROADS (STRATGHT EDGES).

OUR RULES:
. EACH ROAD MUST CONNECT EXACTLY TWO CTTIES. WE ALLOW THE GRAPH OF A
SINGLE CITY WITH NO ROADS.
. ROADS CAN NOT CROSS EACH OTHER.
. THE GRAPH IS CONNECTED, MEANING YOU CAN GET FROM ONE CITY T0 ANY
OTHER CITY BY TRAVELING ON THE ROADS.




LS THIS A GRAPH!

WHY? OR WHY NOT]




LS THIS A GRAPH!

WHY? OR WHY NOT]




THIS GRAPH HAS: o o
1] 100 .

-3 REGIONS



HOW CAN WE CHARACTERIZE
GRAPHST?



Y/
L X4

L X4

Leonhard Euler, Swiss
Mathematician
(1707-1783)

Studied Graph Theory
Discovered something
very interesting about
connected, planar
graphs when studying
#Cities - #Roads +
#Regions



(NUMBER OF CITIES) - (NUMBER OF
ROADS) + (NUMBER OF REGIONS)

[5 CALLED THE GRAPH NUMBER OF A GRAPH.



EAMPLE |




EAMPLE |




EXAMPLE /




EXAMPLE /




LAMPLE 3




LAMPLE 3




LAMPLE §




LAMPLE §




CAN YOU DRAW YOUR OWN
GRAPR AND COMPUTE 118
GRAPH NUMBER!



WHAT DO YOU OBSERVE!!



GRAPH FORMULA FOR CONNECTED FLAT

GRAPRS:
#CITIES - #ROADS + #REGIONS = /




S THE GRAPH FORMULA
ALWAYS TRUET WHY?



SIMPLEST GRAPH




WHAT IF WE ADD A

(ONNECTED (ITY?




WHAT IF WE ADD
ANOTRER CONNECTED

(ITy1




WHAT IF WE ADD A

REGION!




- THE GRAPH FORMULA HOLDS FOR STMPLEST GRAPH OF JUST L CITY
- ADDING A CONNECTING (ITY OR REGION DOES NOT CHANGE THE

GRAPH NUMBER

- WE CONCLUDE THE GRAPH FORMULA HOLDS FOR ALL CONNECTED FLAT
GRAPHS




NOW THAT WE KNOW WHAT A GRAPH
15, LET"S EXPERTMENT WITH



COLOR ALL THE CITIES OF YOUR
GRAPR.

- (ITLES THAT SRARE A ROAD
CANNOT HAVE THE SAME COLOR.



HOW MANY DID WE
USET CAN WE DO IT WITH
LESS]



HERE WE ONLY USE 3
(OLORS!



CHALLENGE: YIND THE FEWEST
NUMBER Of NEEDED S0
THAT CONNECTED VERTICES HAVE
DUFFERENT COLORS.



[XAAAPLE():‘\\\,

CYCLE GRAPHS

JAN




EXAMPLE /:
A COMPLETE GRAPH 15 A GRAPH

WRERE YOU CAN GET FROM ANY
(LTY TO ANY OTHER CITY BY A
DIRECT ROAD




[HE COLOR NUMBER OF A GRAPH IS THE
YMALLEST NUMBER Of NEEDED
10 COLOR A GRAPH BY OUR



tIND THE COLOR NUMBER OF
THE GRAPH YOU GENERATED
EARLLER TODAY.



WHAT DO WE KNOW ABOUT
THE COLOR NUMBER OF A
GRAPHY



THE COLOR NUMBER MUST BE MORE THAN 1, UNLESS THE GRAPH HAS NO
EDGES.

THE COLOR NUMBER 1S LESS THAN OR EQUAL TO THE TOTAL NUMBER OF CITIES
IN YOUR GRAPH, AND FOR COMPLETE GRAPRS THE COLOR NUMBER EQUALS THE

NUMBER OF CITLES IN YOUR GRAPH .

CYCLE GRAPHS HAVE COLOR NUMBER = 2 TF THE NUMBER OF CITIES I§ EVEN,
AND COLOR NUMBER = 3 IF THE NUMBER OF CITIES IS ODD.




WHAT DID WE LEARN
TODAY!
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carbon silicon
silicon
\{ v

carbon

diamond silicon dioxide silicon carbide graphite




THANKS FOR LISTENING!!
QUESTIONS!!



MOST OF THE MATERTAL IN THIS PRESENTATION COMES FROM JOEL
DAVID HAMKINS:


http://jdh.hamkins.org/math-for-eight-year-olds/
http://jdh.hamkins.org/math-for-seven-year-olds-graph-coloring-chromatic-numbers-eulerian-paths/
http://jdh.hamkins.org/math-for-seven-year-olds-graph-coloring-chromatic-numbers-eulerian-paths/

