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Early combinatorics
European combinatorics:
Middle Ages to Renaissance
9dzf SNQRa& O2YOoAVY!
Magic squares, Latin squares
& triple systems

Thel9th century
Colouringmaps

//8. A century of graph theory
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Early mathematicgime-line
A2700¢ 1600 BC Egy

: pt
A2000cmMecAA—A—N¥—a-S32 132 (|

A1100 BQ: AD 1400 : China
A600 BQ; AD 500 : Greece (three periods)
A600 BG: AD 1200 : India

A-AD-500c-1000-Mayan

AAD 750c 1400 : Islamic / Arabic
AAD 1000c . . .: Europe




| Ching(yljing) (c.1100 BC)

; e ; ; ; : Z ; Number of yinyang

hexagrams (chapters)
= 2X=64



The Leshu
diagram




Greek
mathematics:
three periods

Early: Thales 600 BC
Pythagoras 520 BC

Athens: Plato 387 BC
Aristotle 350 BC
Eudoxus 370 BC

Alexandria / Syracuse:

Euc
[Arc
Apo

id 250 BC?
nimedes] 250 BC

lonius 220 BC

Ptolemy AD 150
Diophantus  AD 2507
Pappus AD 320
Hypatia AD 400
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Pythagorean figurate numbers

triangular .- ¥
numbers ¥ ® ¥
n(n + 1)/2 e o o o

1,3,6,10,15,21, o o o o

sguare numbers
n2
1,4, 9, 16, 25, 36

:__IO OPQ

6=z143 4S5+ 7

Any square number
IS the sum of
two consecutive
triangular numbers
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The five regulapolyhedra
OWt {2y A0 &az2f

tetrahedron
= fire

cube
= earth

tetrahedron cube octahedron

octahedron
= air

Icosahedron
= water

dodecahedron
dodecahedron icosahedron = CosMmos




Polyhedral dice &stragali)




Archimedes
(c.28%212 BC)

A On floating bodies

A On the equilibrium of planes

A On the measurement of a circle
A The Method

A On Spirals

A On the sphere and cylinder 1, II
A Quadrature of the parabola

A Onconoidsand spheroids

A The sand reckoner

A Semiregularpolyhedra




Archimedean(semtregular)solids




PappusY Why UKS a
(regulartilings)
(early 4th century AD)
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Semiregular(Archimedeaniilings




{ dza NXfeatisedéth century BC)

Medicinescan besweet, sour, salty,
pungent, bitter, or astringent.

Susrutalisted:

6 combinations when taken 1 atime
15 combinations when taker? atatime
20 combinations when taker8 atatime
15 combinations when taked at a time
6 combinations when takerb at atime

1 combinationwhen taken6 atatime

Thus: C(6,1) = 6; C(6,2) =15, C(6,3) = 20;
C(6,4) =15; C(6,5) =6; C(6,6)=1



Indian combinatorics

c. 300 BCJainagBhagabatisutra:
combinations of five senses, or of men,
women and eunuchs

c. 200 BCPingala(Chandrasutra
combinations of short/long sounds
in a metrical poem{ * 1**3% S{0OCc



c. AD 550+ I NJ K I YBEh&tdakitd) a
on perfumes: choose 4ingredients from 16
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Number of combinations = C(16, 4) = 1820



Arrangements: Vishnu
(from . K I & | Uilanadti, @B 1150)

Vishnu holds in his four hands
a discus, a conch, a lotus,
and a mace:
the numberof arrangementsis
4x3x2x1=24 =4l

Bhaskaragave general rules fon!, C(n, k) etc:

The number ocombinations
of k objectsselectedfrom

a set ofn objectsis

B [l I 3 o0 X (1= o 1]
kx(k—-1)x--x1




Kl a | dermlitg€da@ns: Sambhu

How many are the variations of form of
the god Sambhuby the exchange of his ten
attributes held in his ten hands:
theNR LISTE G KS St SLIKI Yy i
the tabor, the skull, the trident,
the bedstead, the dagger, the arrow
and the bow?

Statement:number of places: 10
The variations of form are found to be
(10! =) 3,628,800



Permutations and combinations

Four types of selection problem: choose r objects from n objects:

1.

Selections ordered, repetition allowed:
number of waysis xnx...xn=n

Selections ordered, no repetition allowefpermutation):
number of ways Is
P(n,rN=mx(n¢l)x...x(n¢gr+1)=n!/(n¢gr)!

Selections unorderedno repetition allowed (combination}
numberof ways isC(n r) =P(n, r) /rt =n!/rl (ngr)!

Selections unorderedrepetition allowed:
numberof ways isC(n+rgl, r=(n+c1)!/(ngl)!r!



The Hindu
C Arabic
numerals

-szyhe))

Brahmi Numerals,
second century AD

NRAFAULI0H00

Gwalior inscription, aD 870

]2 gre 56972850

1Rygy€occae-

I PMmmo0 4y VA9

Gobar numerals, undated
(West Arabic manuscript)

113194V 782

Codex Vigilanus, Spain, Ab 976

Modern Hindu script (Néagari)

Modern East Arabic Numerals

ITFRAUPARTS

Apices, first half of eleventh
century A (MS, Erlangen 879)

14345 6789

l2384h6 A8 %0

Durer, sixteenth century

Early printed numerals, 1474




Influences on Baghdad

rg

Byzanz

Gund-i Saspur
\ ‘\—.
Bagdad

PRINCIPALL ROUTES OF SCIENCE

INTO THE ARABIC—=ISLAMIC WORLD.

Baghdad was on the trade routes between
the West (the Greek world) and the East (India)



Al-Khwarizmi (c.788c.850)

E===gl A Arithmetic text

A Algorithmi de numero

Indorum
W5 AENsmQ

A Algebra text
Kitab al-jabr g Q-mfigabalah
Ludusalgebrae
et almucgrabalaeque
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Al-Biruni on the
combinatorics of

Sanskrit metres
(11th century)

There are 8 possible
three-syllable metres,
where each symbol is

either heavy (<) or light (|)



Arithmetical triangles of AlKaraji(1007)
and Nasir aeDin atTusi(c.1240)
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ZhuShijie (1303):
Sljuanyujlan
(Precious mirror

of the four elements)




From Baghdad to Europe
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PRINCIPAL ROUTES OF SCIENCE

FROM THE ARABIC—-ISLAMIC WORLD INTO EUROPE







Arabic tiling (Alhambra)



