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CLOSE YOUR EYES AND THINK ABOUT A REALLY BIG MAP

SHOWING EVERY CITY ON EARTH
















YOU WOULD HAVE A HARD TIME FINDING A

PLACE CALLED KENIGSBERG
















BUT ONE PARTICULAR CHARACTERISTIC OF ITS GEOGRAPHY

HAS MADE IT ONE OF THE MOSTFAMOUS CITIES

IN MATHEMATICS














IN THE OLD GERMAN CITY OF KONIGSBERG

WE HAVE A RIVER CALLED PREGEL




















THE CITY SITS ON BOTH SIDES OF THAT RIVER

IN THE MIDDLE OF THE CITY THERE ARE TWO BIG ISLANDS




















THESE ISLANDS ARE LINKED TOGETHER AND TO THE

RIVERBANKS BY SEVEN BRIDGES














A MATHEMATICIAN WHO LATER BECAME THE MAYOR OF

A NEARBY TOWN














GREW OBSESSED WITH

THESE ISLANDS AND BRIDGES




































THINK ABOUT IT
mn me




















YOU GIVE UP




















YOU SHOULD

IT'S NOT POSSIBLE














BUT ATTEMPTING
TO EXPLAIN WHY




















LED A FAMOUS

MATHEMATICIAN
1736




















TO INVENT A NEW

FIELD OF MATHEMATICS
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CARL WROTE TO EULER

FOR HELP WITH THE PROBLEM
















EULER FIRST DISMISSED THE QUESTION

AS HAVING NOTHING TO DO WITH MATH













EULER KEPT THINKING AND THINKING














AND IT SEEMED LIKE THERE

MIGHT BE SOMETHING THERE
















THE ANSWER HE CAME UP WITH

HAD TO DO WITH















A TYPE OF GEOMETRY














EULER FIGURED OUT THAT IT DOES NOT MATTER WHICH

WAY YOU GO WHEN YOU ENTER AND LEAVE

AN ISLAND OR RIVERBANK















THE MAP COULD BE SIMPLIFIED














WITH EACH OF THE FOUR LANDMASSES

REPRESENTED AS A SINGLE POINT














WITH LINES BETWEEN THEM

TO REPRESENT THE BRIDGES














THIS SIMPLIFIED GRAPH ALLOWS US TO EASILY

COUNT THE DEGREE OF EACH NODE













WHY DO THE DEGREES MATTER
















WHEN TRAVELLERS GET TO A LANDMASS

USING JUST ONE BRIDGE














THEY WOULD HAVE TO LEAVE IT

VIA A DIFFERENT BRIDGE
















THE NUMBER OF BRIDGES TOUCHING EACH

LANDMASS VISITED MUST BE














THE ONLY POSSIBLE EXCEPTIONS WOULD BE

THE LOCATION OF THE BEGINNING AND END OF THE WALK














LOOKING AT THE GRAPH WE OBSERVE THAT

ALL FOUR NODES HAVE AN ODD DEGREE














NO MATTER WHICH PATH IS CHOSEN

AT SOME POINT A BRIDGE WILL HAVE TO BE CROSSED TWICE














EULER USED THIS PROOF TO FORMULATE

A GENERAL THEORY





























































IE ICEBERG Bedge Problemme
BECOMES MORE INTERSTING LATER

MEANWHILE IT SUGGESTS OUR

BASIC DEFINITION OF A GRAPItm

A GRAPH G IS A TRIPLE CONSISTING OF A VERTEX SET G AN
EDGE SET ECG AND A RELATION THAT ASSOCIATES WITH EACHEDGE

TWO VERTICES NOT NECESSARILY DISTINCT CALLED ITS ENDPOINTS

KID FIRE In EFI t.EE
aPhAcIIEEFinEEE IIf Is






























































IE ICEBERG EIDGE PRoBtEMm
C

e 06

W y
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THIS GRAPH G HAS VERTEX SET V G X Y Z W

THE EDGE SET IS ECG enC2E3Ey es es et ANDTHE
ASSIGNMENT OF ENDPOINTS TO EDGES CAN BE READ FROMTHE PICTURE
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NOTE THAT EDGES C1 AND C2 HAVE THE SAME ENDPOINTS AS
DO E3 AND CU ALSO IF WE HAD A BRIDGE OVER AN INLET

THEN ITS ENDS WOULD BE IN THE SAME LAND MASS

WE HAVE APPROPRIATE TERMS FOR THESE TYPES

OF EDGES IN GRAPHS



























































A LOOP IS AN EDGE WHOSE ENDPOINTS ARE EQUAL
MULTIPLE EDGES ARE EDGES HAVING THE SAME PAIR OF ENDPOINTS
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A SIMPLE GRAPH IS A GRAPH HAVING NOLOOPS OR MULTIPLE EDGES

WE SPECIFY A SIMPLEGRAPH BY ITS VERTEX SETANDEDGE SET TREATINGTHE
EDGE SET AS A SET OF UNORDERED PAIRS OF VERTICES AND WRITING UN
OR E NU FOR ANEDGE E WITHENDPOINTS V AND N

TWOVERTICES AREADJACENT OR NEIGHBOURS WHENTHEYARETHEENDPOINTSOFANEDGE

A GRAPH IS FINITE IF ITS VERTEX SET ANDEDGESET ARE FINITE

EVERY GRAPH MENTIONED IN THIS LECTURE IS FINITE AND SIMPLE






























































Get G GRAPH H
3

1 A
5
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B D B D

6
7 10

C
9

G A B C D H LAIBIC D

E G 11213141516171819,10 E H LAB LBIC had Aid

VERTICES B AND C AREADJACENT

6 AND 7 ARE MULTIPLE EDGES B AND D ARE

2 AND 3 ARE LOOPS NEIGHBOURS OFA

G is FINITE BUT NOT SIMPLE G is FINITE AND SIMPLE



























































SHE SEEM SIMPLE GRAPHS

A PATH IS A SIMPLE GRAPH WHOSE VERTICES CAN BE ORDERED SO THAT
TWO VERTICES ARE ADJACENT IF ANDONLY IF THEYARECONSECUTIVEINTHELIST
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A PATH OF LENGTH 6
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SOME SPECIAL SIMPLE GRAPHS
mm mm mm mm

A CYCLE IS A GRAPH WITH AN EQUAL NUMBER OF VERTICES AND EDGES
WHOSE VERTICES CAN BE PLACE AROUND A CIRCLE SO THATTWO VERTICES

ARE ADJACENT IF AND ONLY IF THEY APPEAR CONSECUTIVELY ALONG THECYCLE

A BCG
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E D

A CICLE IF LENGTH G
































































SHE SEEM SIMPLE GRAPIS

T.FI HmNAIffIffmBEaRnnfe
HE Ess GRAPH 5m is THE GRAPH
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SHE SEEM SIMPLE
GRAPHST
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SHE SEEK SIMPLE GRAPIS

A GRAPH IS BIPARTITE IF WE ONLY REQUIRE TWO COLORS FOR
COLORING ITS VERTICES IN SUCH A WAY THAT ADJACENT VERTICES
RECEIVED DIFFERENT COLORS






























































CYCLES OF EVEN LENGTH
mm m m m
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BIPARTITE
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EYES IF ID LENGTH

NON BIPARTITE
m






























































KONIG 1936

A GRAPH IS BIPARTITE IF AND ONLY IF IT HAS NO CYCLES

OF ODD LENGTH















IE EKEBERG IEEE Problemme
































































WALK THROUGH THE CITY

A Xl
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ID
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A WALK IN A GRAPH IS A SEQUENCE OF VERTICES AND EDGES
on er Nz ez 53 E3 NkEk Man

SUCH THAT THE ENDPOINTS OF EDGE EI ARE Ni AND Nita 1 i k

IF I SKA THE WALK IS A CLOSED WALK OR A CIRCUIT
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A GRAPH IS CONNECTED WHENEVERTHERE EXIST A WALK CONNECTING

ANY TWO VERTICES

THE DEGREE OF A VERTEX IS THENUMBER OF TIMES THAT AN EDGE
TOUCHES THE VERTEX

OUR GRAPH IS CONNECTED A

2 5

THE DEGREE OF A is 3 B 6 D
THE DEGREE OF B is 5 4
THE DEGREE OF C is 3 3 7
THE DEGREE OF D is 3 C
































































IE EKEBERG BIDGE Problemme
1 A

gZ

6B D
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ffff.tt IN WICH EVERY EDGE Is Usean

EULERIAN
CIRCUIT

alkane

EULERIAN WALK






























































IMAGINE WE HAVE A WALK IN A CONNECTED GRAPH WHERE

EVERY VERTEX IS USED EXACTLY ONCE

IttERIAnN Circuita

AT EVERY VERTEXOTHERTIAN THE COMMON
STARTING AND ENDING POINT WE COME INTO

THE VERTEX ALLON ONEEUDGELIANIGO OUT
ALONG ANOTHER THISCANHAPPENMORETHANONCE






























































IMAGINE WE HAVE A WALK IN A CONNECTED GRAPH WHERE

EVERY VERTEX IS USED EXACTLY ONCE

ILETIAN Circuita

SINCE WE CANNOT USE EDGESMORETHANONCE
THE NUMBER OF EDGES THAT TOUCH EVERY
VERTEX MUST BE EINEN





















































IMAGINE WE HAVE A WALK IN A CONNECTED GRAPH WHERE

EVERY VERTEX IS USED EXACTLY ONCE

ELEKIAN Circuita

i IEE iiiiii i iiii.EEiEiii






























































IMAGINE WE HAVE A WALK IN A CONNECTED GRAPH WHERE

EVERY VERTEX IS USED EXACTLY ONCE

ILELIAN Circuitm

THE STARTING VERTEX MUST BE TOUCHED
BY AN EVEN NUMBER OF EDGES






























































IMAGINE WE HAVE A WALK IN A CONNECTED GRAPH WHERE

EVERY VERTEX IS USED EXACTLY ONCE

ILELIN Circuitm

EVERY VERTEX MUST BE TOUCHED
BY AN EVEN NUMBER OF EDGES
































































IEE EKEBERG BIDGE Problemme
13

5 B

B

ALL VERTICES HAVE LED DEGREE

THE DESIRED WALK DOES NOT EXIST
































































Icu I a TEE THEREGHASEIIYSIE.EEERiA.N






























































IMAGINE WE HAVE A WALK IN A CONNECTED GRAPH WHERE

EVERY VERTEX IS USED EXACTLY ONCE

WALKEULERiANmnmm

Y.name

ACONNECTEDGRAPH G HASANEULERIANWALK IF ANDONLY IF
EXACTLY TWOVERTICES HAVE ODD DEGREE
































































IEE EKEBERG EIDGE Problemme
13

5 B

B

VERTICES HAVE LED DEGREE

THE DESIRED WALK DOES NOT EXIST
















HOW MIGHT YOU CREATE A DESIRED

WALK IN KONIGSBERG
































































IEE EKEBERG EIDGE Problemme
13

5 B

B

ANY TWO VERTICES HAVE ODD DEGREE
































































IIE EKEBERG RIDGE Problemme
13

5 B

B

ADD DELETE AN EDGE BETWEEN

ANY TWO VERTICES
































































IEE EKEBERG BIDGE Problemme
13

5 34

THIS WILL GIVE US A GRAPH WITH 4 VERTICES

WHERE EXACTLY TWO ODD VERTICES

AND TWO EVEN VERTICES
































































IEE EKEBERG EIDGE Problemme
13

5 34

SUCH A GRAPH WILL HAVE

AN EULERIAN WALK




















IT TURNS OUT THAT HISTORY

CREATED A EULERIAN WALK OF ITS OWN














DURING WORLD WAR II THE SOVIET AIR FORCE

DESTROYED TWO OF THE CITY'S BRIDGES
















no

MAKING A EULERIAN WALK EASILY POSSIBLE




















BUT TO BE FAIR THAT PROBABLY

WAS NOT THEIR INTENTION














KONIGSBERG WAS LATER REBUILT AS THE

RUSSIAN CITY OF KALININGRAD





























PRESENT STATE OF THE BRIDGES
mn m m m














SO WHILE KONIGSBERG AND HER SEVEN BRIDGES

MAY NOT BE AROUND ANY MORE














THEY WILL BE FAMOUS IN HISTORY BECAUSE OF

A SIMPLE PUZZLE THAT MADE A NEW

KIND OF MATH






























































WITHOUT hitting E PENCIL






























































WITHOUT hitting E PENCIL
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WITHOUT hitting E PENCIL
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HETING
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WIRE fitting IE PENCIL
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WITHOUT hitting E PENCIL
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WITHOUT hitting E PENCIL






























































WITHOUT hitting E PENCIL
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