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9 Interactive Exhibits + 8 L earning Journeys

Counting Arithmetic

The modern use and development of numbers
and counting began with the rise of cities as a
result of the need to organize people and
allocate goods and resources.

Addition, subtraction, multiplication and
division of numbers are important to trade
and have been employed by civilizations for
thousands of years.

Algebra deals with solving problems that
involve mathematical symbols. The simplest
of such problems were studied as long ago as

1900 BCE.

The Pythagorean theorem relates the side
lengths of a right triangle and was known to
the ancient scholars and builders of
Babylonia, Egypt, Greece, China and India.

Geometry focuses on the properties of space
and the size and shape of objects. Its
investigation dates back to the earliest
recorded civilizations.

Primes are numbers having exactly one divisor
other than 1. They are the building blocks of
all counting numbers and were studied as
early as 250 BCE.

While the Greeks studied mathematics for its
own sake, it has also been seen as needed
only for certain trades. It is now a central part
of school curricula.

P
il o
—

The computation of 1, the ratio of a circle's
circumference to its diameter, has been of
‘ practical and mathematical interest in both
the ancient and modern world.

Polyhedra are solids consisting of polygons
joined at their edges. They were known to the
ancients from nature and used in art,
architecture and games of chance.
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9 Interactive

Counting

The modern use and development of numbers
and counting began with the rise of cities as a
result of the need to organize people and
allocate goods and resources.
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The Pythagorean theorem relates the side
lengths of a right triangle and was known to
the ancient scholars and builders of
Babylonia, Egypt, Greece, China and India.

The computation of 1, the ratio of a circle's
circumference to its diameter, has been of
practical and mathematical interest in both
the ancient and modern world.

Addition, subtraction, multiplication and
division of numbers are important to trade

and have been employed by civilizations for
thousands of years.

Geometry focuses on the properties of space
and the size and shape of objects. Its
investigation dates back to the earliest
recorded civilizations.

Polyhedra are solids consisting of polygons
joined at their edges. They were known to the
ancients from nature and used in art,
architecture and games of chance.

Exhibits

Algebra deals with solving problems that
involve mathematical symbols. The simplest
of such problems were studied as long ago as
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Primes are numbers having exactly one divisor
other than 1. They are the building blocks of
all counting numbers and were studied as
early as 250 BCE.

While the Greeks studied mathematics for its
own sake, it has also been seen as needed
only for certain trades. It is now a central part
of school curricula.
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Incan Yupana

Ancientincan abacus
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Yupanas were ancien calclating devic of the Inca. The e yupana derve from the indigenous Andean Quechus
angusge i which yupay means o count The most mportant bisorca document concerning the yupana i  sketch made
by Flipe Guaman Poma de Ayala n 1615, which was oignaly st then rediscovered at the Royal Libeary of Copenbagen .
1916 While the yupana depicted by Poma de Aala s out n 5 4 grd, exampls shaped a5 polygons withdiffrent
numbersof sids are s common.
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Yupanas were ancient calculating device of the Incas. The term yupana derives from the indigenous Andean Quechua
language in which yupay means "to count.” The most important historical document concerning the yupana is a sketch made
by Felipe Guaman Poma de Ayala in 1615, which was originally lost then rediscovered at the Royal Library of Copenhagen in
1916. While the yupana depicted by Poma de Ayala is laid out in a 5 x 4 grid, examples shaped as polygons with different

numbers of sides are also common.
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Interactive and Computational Content

+ Interactive content gives a Manipulate~basec:l
explora’tion of artitact content inclucling some

basic background and information

© Coml:)utational explanations give detailed
explanations of the mathematical content of
the artifact that make extensive use of the
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Interactive Content

In the quipu recording devices of the Andean peoples, knots were used to indicate numeric values based on their positions and types. Similarty,
the positions of each of the squares on 2 yupana board indicated numeric value. Poma de Ayala's yupana board consists of five groups of four
squares in which groups Indicate ten thousands, thousands, hundreds, tens and cnes, respectively. Within each group, there are four squares that
represent the values 1, 2, 3and 5.
Staring Siate Ending State The value being represented on 3 yupana ks encoded by plading 2erc, one or more markers on the squares. Pereyra (1990) and Prem (2013)
e suggest the following arrangement of markers for the Integers between 0 and 9:

3 4 5
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Computational Explanation

cthth i s he yupans e ha .3 1615 st ot 110 e mancipt o O
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Using these arrangements, any nan-negative integer (35 long as it fits within the number of available columns| can be represented on the yupana,
and by using differently colored markers, more than one number can be represented at the same time.

ey st i
Summaticn of multiple numbers can be performed through the mechanical operations of ungrouping, moving and minimézing the number of 1 Qi o Sz s sl
markers on the yupana. In particular, these operations can be iterated until a ending state is reached in which no further actions can be made. At
this point, the sum can be read directly off the encing configuration of markers. This process can be viewed In snapshet form using the following
controls:
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Counting

The modern use and development of numbers
and counting began with the rise of cities as a
result of the need to organize people and
allocate goods and resources.
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Arithmetic m

Addition, subtraction, multiplication and
division of numbers are important to trade
and have been employed by civilizations for
thousands of years.
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Leamiﬂg Joumegs

Intended as an engaging and fun joumeg" through mathematical artifacts

Aimed at students and other virtual museum visitors who are interested in

the "mathematical story'

Useful for classroom exploration orasa teaclﬁing tool
Contain images and links to individual artifacts

Include interactive content

Primari|9 visual and clescriptive with minimal mathematics

8 leamingjoumegs
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to Solve the Mathematical
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+ Mathematical Beans and
Knotted Strings

. Balancing Ducks, Frogs and
Grasshoppers

+ Show Your Work!
* Squaring the Apsamikku Circle
* Making Machines l:lg

+ The Mathematics of a
Masterpiece

* Ancient Right Triangles

* Ancient Games of Chance
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8 Learning Joumegs

Mathematical Beans and Knotted
Strings
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Ancient Games of Chance

Shahr-e Sakhté (Persian: diage 5o, meaning, "The Burnt City")
Dice crafted about
4900 years ago and

discovered in the 1 970s
bg an Italian expedition
 to the Burnt City ruins
located in nowaclags
Iran, midwag between
the Middle East and
the Indus Va”eg, India.
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(Persian: €iage 43, meaning "The Burnt Citg")




e e s e e e My by M S 33 3 ool 0, PN U g i N e B ST 5 R

g7 T T e A O IO T Ry E N o Mgy T N

ddbica

PO R SR
oA L ISR M I R
S LB L S B Sl s
B PLAC /o Wi S B SE Bt S DL e e S

d
:.' L




bk BN Z

A 2 gl
PEEDRPERP SRS SR RN N

I:our~va|uecl clie From ’che Burnt Cit9

morphed to a modern six-sided cubical die.
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~ Ancient Games of Chance

Shahr-e Stkhté (Persian: diasa i, meaning, "_The Burnt City")

The game board was
adorned with a knotted
snake carved in relief
and is identical in
lagout to a board
found in the Rogal
Cemetery atUr.
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Ancient Games of Chance

Rogal Cemetery at Ur (British Museum), 2600 BCE

Game board from the
v 5 T el Royal Cemeteryat Ur
% § om | G o = o
® @ BV Sevwrrorevsl ﬂ/zﬁ | (British Museum item
@ IRETN gwx,- ® ® &3;% 7 ON _' #120840), which has
oo ; been dated to 2600
e | | ¥y DBCE. Whilethe Ur
= :.:.L’.:.::.:_"‘ F board is identical in
| form to the Burnt City

board, it is much more

rega”g adomecl,

inclucling many
beautiful and intricate

geometric: Pattems.
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Ancient Games of Chance

Rogal Cemetery at Ur (British Museum), 2600 BCE

While the Game of Twenty
Squares is the world's oldest
known board game, it can still

be Plaged toclag, since its rules
have been clecipherecl bg BPr
Irving Finkel, assistant keeper
of ancient Mesopotamian
script, Ianguages and cultures
in the Middle East depar‘cment
at the British Museum.
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Ancient Games of Chance

Eggptian game box, ca. 16551458 BCE.

Sheep knucklebones
were used as a
ran&omizing device
'~ because it has four long
sides on which it can land
when cast, with the
. numerical value assigned

to the side Facing up.
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Ancient Games of Chance

Eggptian game box, o 165458 BCE.

ﬁ‘t< e d Sheep knucklebones

were USCCI as a

ran&omizing device
because it has four long
' sides on which it can land
when cast, with the
 numerical value assigned

to the side Facing up.

White stone die. 30 BCE-%64 CE. Roman Periocl.
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Ancient Games of Chance

The process of making fair dice from Folio 65V of the hand-illuminated

manuscript the Book of Games, or Libro de axedrez, dados e tablas

(Book of Chess, Dice and Tables, in Old Spanis )

During the Greco-
Roman Periocl, cubic
dice became more

common and graclua”g

rePlaced throwing sticks

ancl l(ﬂUC‘(leOﬂCS {:Ol"

use with board games.
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Ancient Games of Chance

The theory of Probabilitg was born when the nobies, in the i7ti'l century, commissioned the
scientists of the time to solve the various questions that arise in games of chance, in Particular the
game of dice. Galileo Galilei's paper "About the Discoveries of Dice" dates from 1596, in which he

investigates how bg throwing three ciice, sOme sCores are more advantageous than others.
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which approaches a normal distribution.

The probabilities for obtaining a given total using three dice,
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Ancient Games of Chance

Galileo stated that with three dice, there can onlg be one way of
obtaininga 5 (1,1,1) and an 18 (6, 6, 6). However, there are three
combinations for obtaininga 6— 2,10, (3,210 and (2, 2, 2)—which can
occur in different orders, making 10 Possibilities. There are four
combinations fora 7—(5,1,1), (4, 2,1, (3,3, 1) and (3, 2, 2) —which lead
ko 15 Possibili’cies. However, althougi'n 9 and 12 could be made up inthe
same number of ways as 10 and 11, from their experiencej gambiers
claimed that the occurrence of 10 and 11 were more likeigl Galileo showed
that the total number of Possible throws with three dice are 216, and he
gave a table of the number of Possibie throws for a total of 10,98 26
g1 and g showing that the throws for 11 to 18 were sgmmetricai with
these. In this way, he showed that there were 27 Possibie throws to
obtain a10, and 25 fora 9.

— e T T RS S T e s



Ll i s b

bl

o s U QIS AE R S

Ve

T T T Ty TR e e AT S S O T
d ¥ r L R =9 - ;.

P T ey



https://history-of-mathematics.org/learning-journeys/AncientGamesOfChance.html

Ml : R ¥
L 1

PR PR . B.Y

BB L U P e s b

+ Mathematical Beans and
Knotted Strings

. E)alancing Ducks, Frogs and
GrasshoPPers

+ Show Your Work!
* Squaring the APsamikku Circle
* Making Machines l:lg

+ The Mathematics of a
Masterpiece

* Ancient Right Triangles

* Ancient Games of Chance

8 Learning Joumegs

Mathematical Beans and Knotted
Strings

LY I
I
|

Ancient Right Triangles

Balancing Ducks, Frogs and
Grasshoppers

The Mathematics of a
Masterpiece

Ancient Games of Chance

i

T TT————

P T s T T e S T e T e eyt . T T W ATy AT O Y,
d ¥ B Sy =9 - s




TR T s gt T S A

A 4 Y - ‘. X
~ PN ORI Y R ARSI e ':'4.; ' L 20)
e e
s
B 3

N g A AT T Ve,
i ¢ :

Balancing DUC‘<S) Frogs aﬂCl GFEBSS"'IOPPCFS
Barleg was so important to the ancient Mesopotamians thai o
2 _ t barley grain was used as the smallest unit of leng’ch, area, volume

and weight. A shekel of silver weighecl as much as 180 barleg grains,
o or about 8.4 grams. 60 shekels weighecl | mina, and 60 mina

welghecl I talent.
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Merchants would carry around their own set of weights to help them with trading. Most weights were sort of grain-shaped.
Mesopotamian weights were often made of polished hematite:

Hematite weights ranging from three shekels to one mina. Uruk, Mesopotamia, ca. 2000-1600 BCE.

Mesopotamian weights were often shaped like a sleeping duck, with its neck and head resting on its back:

Left: Duck-shaped hematite weights, Mesopotamia, ca. 2000 BCE.
Right: Asleeping duck!

There are rare examples of Mesopotamian weights in other shapes, but most weights were eith
are some unusual examples of Mesopotamian weights: a grasshopper, a shell and a cute frog:

Left: Mesopotamian grasshopper weight made of hematite, ca. 18001600 BCE.

Center: Mesopotamian shell weight made of hematite, ca. 1800-1600 BCE.

Right: Mesopotamian frog weight, ca. 2000-1600 BCE. The Akkadian inscription under the frog's throat reads: "a frog [weighing] 10 mina, a legitimate weight of the
god Shamash, belonging to Iddin-Nergal, son of Arkat-ili-damga."
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» To understand how these weiglﬁt stones might
have been used | created the Fo“owing balance

| scale interactive. As you add more barleg

{ grains on the left side of the scale, the merchant

adds duck weights that come in fractions of a

shekel so the sides balance. The beam at the

| toP of the scale acts as an "equal" 5ignl
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Weight units: - Ounces
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Further Reading

WOLFRAM



https://www.history-of-mathematics.org/learning-journeys/BalancingDucksFrogsAndGrasshoppers.html

Benefits of a Wolfram Language
build system

* Easy to curate all relevant data (text, images, metaclata,
mathematical and interactive content) in a single Place:

notebooks

s Content elements such as maps, timelines, and thumbnails
can be generatecl completelg Programmatica”g using

built-in Wolfram Language Functionalitg

* Incremental builds are easy simplg !39 checking for
changed notebook content
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Thanks!

Overdeck I:amilg Foundation

MoMatn, the Museum of Mathematics in New York Citg.
StePiwen Wolfram

Andrea Gerlach, Eric Weisstein, Sarah Keim Williams
Lor Gooclman, Sushma Kini (Project management)

Michael Trott (content suggestions and review), Cnristol:)her Wolfram (content
suggestions and discussions), Dan McDonald (sgnthetic geometry contributions),

MinHsuan Peng (custom timelines)J Shadi Ashnai and Giulio Alessandrini (image

Processing)

Heidi Kellner and Jeremg Davis (web clesign), Marion Morris (web implementation),
Tagior Birch (Prootreacling)

Our network of 50+ domain and content exPerts
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Backgrounc] and Timeline

s n 2019 Stephen Wolfram Proposecl a Project to clevelop a virtual

interactive collection of mathematical artifacts for the Museum of
Mathematics (Mol\/\ath) in New York Cit9

* The Project was generouslﬂ funded bg Overdeck Familg Foundation

» Over the last two years, researchers at Wolfram Research have

investiga‘cecl and written up detailed histories, C]escriptions, and

explanations for a collection of mathematical artifacts

+ The results have been incorporated into a website (historg~o1c~

mathematics.org) created usinga custom build sgstem modeled after

the one being used for Stel:)hen Wolfram's Phgsics Prcy’ect
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Build s 3stem
Website is built using the Wolfram Language
Source documents are taggecl notebooks [examl:)le]

All content built to and hosted in the Wolfram Cloud

ComPutational /interactive content are simplg
notebook sections embedded direc’tlg in the cloud
using WolframNotebookEmbedder

Core workflow based on XM LTemplate + Exportl:orm:
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Build sgstem

Website is built using the Wolfram Language

Source documents are taggecl notebooks [examlale]

CloudDeploy |
ExportForm]|
XMLTemplate[File[CloudObject [$HTMLTemplateFile]]] [xmlfile],
{"Text", "HTML"}
I,
$MathArtifactsURLBase <> url,

Permissions - "Public"]

Core workflow based on XM LTemP!ate + Exportl:orm:
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8 Leamiﬂg Joumegs

Mathematical Beans and Knotted Strings. Counting Methods from the Moche Culture.

Balancing Duc|<s, Frogs and Grasshoppers. Weiglﬂts and Measures in Ancient
=g p— | )

MesoPotamia.

Show Your Work! Doing Math Homework on Clag Tablets, Papgri, Wax Tablets, Bamboo
Strips and Birch Bark.

Squaring the A!Dsamikku Circle. The Search to Solve One of the Oldest Problems in
Math.

Making Machines Flg. Overcoming the 5quare~Cube Law.

The Mathematics of a Masterpiece. Portrait of Luca Pacioli.

Ancient Right Triangles. The Pgthagorean Theorem and the Gou-Gu Rule.

Ancient Games of Chance. The Beginnings of the Mathematical Theory of Probabilitg.
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https://www.history-of-mathematics.org/learning-journeys/MathematicalBeansAndKnottedStrings.html
https://www.history-of-mathematics.org/learning-journeys/BalancingDucksFrogsAndGrasshoppers.html
https://www.history-of-mathematics.org/learning-journeys/ShowYourWork.html
https://www.history-of-mathematics.org/learning-journeys/SquaringTheApsamikkuCircle.html
https://www.history-of-mathematics.org/learning-journeys/MakingMachinesFly.html
https://www.history-of-mathematics.org/learning-journeys/MathematicsOfAMasterpiece.html
https://www.history-of-mathematics.org/learning-journeys/AncientRightTriangles.html
https://www.history-of-mathematics.org/learning-journeys/AncientGamesOfChance.html

