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History of coding and decoding in Islamic Era

R eza kiani
As early civilizations progressed, competition between them over available
resources increased. The resources needed by early civilizations were: fertile land,
metals and precious stones, and human power. Competition often manifested itself
in two ways: commercial competition and wars. Competition between merchants
and wars guided them to use deceptions to eliminate their opponents, and for their
deceptions to work, they had to send their messages to their friends or allies in code
so that if a message accidentally fell into the hands of the opponent, he would be
unable to understand it. Thus, cryptography was born in Egypt, Greece, Rome,
etc. With the formation of the empires, these techniques became a necessity for
scribes and soldiers. Early codes were simple codes obtained by substitution of some
letters. With the development of mathematical methods, attempts were made to
create more complex codes using mathematical algorithms to make it more difficult
or even impossible for others to understand the encrypted text. This is where the
competition between cryptographers and deciphers began. Deciphers were looking
for algorithms to attack encrypted messages, and cryptographers were always
looking to improve encryption algorithms.
As encryption algorithms became more complex, empires trained experts who
could break encrypted messages in the shortest possible time. A new class of scribes
emerged who tried to attack encrypted messages with mathematical tools and pass
on their skills to future generations. This effort is now being carried out by
supercomputers in the intelligence and counterintelligence organizations of
countries.
Using encryption is not limited to intelligence and security organizations, and
encryption also plays a vital role in the lives of ordinary people. Software, computer
networks, and telecommunications equipment encrypt a message using
mathematical algorithms before sending it. The message recipient deciphers it using
an algorithm that the sender must provide. Modern banking transactions, social
media messages, and satellite communications rely on cryptography.
Although using cryptography methods predates the Islamic era, the first systematic
attempts to develop cryptographic methods were made by mathematicians in the

Islamic era. David Kahn, in his famous book, The Codebreakers, argues that
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cryptography originated among the Arabs. Kahn's main source is the
book Subh al-A'asha fi Sana' al-Insha’ by the Egyptian author Qalqashandi (V6% -
AYY AH). However, the discovery of a lost treatise by Ya'qub ibn Ishaq al-Kindi
(VAO-Yb0% AH) has led historians of science to push back the invention of
cryptography to the third century AH. Today, historians of science consider Al-
Kindi's book, entitled Risala fi Istikharaj al-Mo'ami, to be the oldest work
discovered in the field of cryptography.
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Using Geometric Patterns in Mathematics Education

Akbar Zamani
The mathematics of tiling patterns captivate human imagination. Patterns from the
[slamic era, for which Isfahan serves as an exemplary museum, offer fundamental
tools for applying mathematical equations and geometrical principles. Students
exploring the practical applications of their school lessons become intrigued by
mathematics through drawing these patterns and observing the underlying
mathematical concepts. We will demonstrate some of these patterns and illustrate

the connection between mathematics education and the geometry of these designs.
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History Of infinity

Payam Seraji

In this talk, we present a historical survey of the concept of inifinity in mathematics.
We begin with ancint Greek mathematics and paradoxes of Zeno, discovery of
irrational numbers and works of Arcimedes on comutind area and valume of
geometric shapes. Next part is about mathematics of VV,YA and V4 centuries. In this
part we discuss role of infinitsimals in development of calculus, inifinite series and
related paradoxes. Third part is about rise of modern set thory and mathematical
logic in the late V4 and earlly Y. century. We discuass most important result such as
Godel incompleteness theorems, Tarski's undefinability theorem and undecidabilty
rsults by Turing and Church. At the end, we present a short survey of recent

dvelopment such as large cardinal axioms and reverse mathematics.
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An Introduction to the Mathematics Used in Zijes
Maedeh Hosseinzadeh

The most important astronomical works of the Islamic period are Zijes. Zijes,
categorized as applied astronomical works, consist of numerical tables. These
numerical entries are the result of mathematical-astronomical calculations or
observations. Along with the tables, there are explanations about how to calculate
these values and how to use them. The contents of Zfjes are mathematical,
including trigonometry, geometry, spherical astronomy, and to some extent
theoretical concepts that can be categorized into four main topics: chronology,
mathematical geography, functions related to planetary motion, and astrology.
To understand these topics, advanced mathematics is required. In this workshop,
due to time limitations, some of the mathematics used in Zijes will be mentioned:

V- Number systems in Zfjes, including the sexagesimal system: Difterent
number systems are used depending on the magnitude and precision of
the number in different places.

Y- Basic calculations: In the chronology section and also for using any
table, basic calculations and mathematics such as multiplication,
division, and interpolation are needed.

Y- Trigonometric functions: In Zies, a section 1s usually dedicated to
defining trigonometric functions.

f- Spherical trigonometry: Most of the topics mentioned in Zijes are
related to spherical astronomy. One of the most important theorems in
this field is the theorem of Menelaus.

0- Geometric methods: Another mathematical method used in Zijes is

geometric and graphical methods such as the analemma.

A
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Algebra History in mathematics education

Narges Assarzadegan

In this workshop, I intend to review the history of the tradition of Algebra in the
[slamic Era, which include indeterminate equations, third of fourth degree
equations, solving simultaneous equations, problems about inheritors, for applying
to mathematics education. The aims of this workshop are to introduce the process
of shaping Algebra, completion Algebra, and algebraic methods analysis, and the
comparison between ancient and modern methods. In this way, we focus on the
works of Muhammad ibn Musa Al-Khwarizmi (about YVA.- Ad-AD) and Abu
Kamil (about Ad-- 4¥.AD), two prominent mathematicians from the Islamic era.
At the end, participants ponder the open question of how the discussed problems
in the workshop helped to proceed Algebraic sciences and what was the importance

of Algebra in human life?
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Yazdi’s treatise named Majmiu’ al-Murabba’at

Zahra Pournajaf

Majmi’ al-Murabba’at (The Sum of the squares) is the title of an unknown treatise
of Muhammad Bagqir Yazdi (?-living in V#¥V A.D.). There is no mention of this
treatise in any sources, and it was thought that that is a part of Yazdi's Uyiin al-
Hisab, but with the investigations carried out for the researcher, it became clear that
it is an independent treatise. The treatise includes the design and examination of
several propositions related to the sum of even and odd square numbers and sum of
how many of these square numbers can give a square number. Apparently, this
mathematical problem was of interest to Islamic scholars such as Nasir al-Din Ths,
Abi Ja'tar Khazin, and Kamal al-Din Ibn Yinus.

Nasir al-Din Tusl (\Yeoo-YYVY A.D.) has a treatise entitled Risala f1 Innahua 12
yumkinu ‘an yajtami'u min ‘adadayn murabba’ayn fardayn 'adad murabba’ (a treatise
on it is not possible the sum of two odd square numbers to becomes a square
number) and Abu Ja'tar Khazin’s (?- between 4% and 4V\ A.D.) Under the title of
Risala fi al-Burhan ‘ala Innaht 13 yumkinu zil'a 'adadayn murabba’ayn yakiin
majmiahuma murabba’a fardayn bal yakunan zawjayn ‘w ‘ahaduhuma zawj wa-1
akhar fard (A treatise on the proof that the roots of the two square numbers which
the sum of them is square cannot be odds, but rather they can be evens, or one of
them is even and the other is odd) and also Kamal al-Din Ibn Yunus’s (YY0#-\Y¥)
A.D.) named named Risala fi Bayan annahil 12 yumkinu ‘an yijadu ‘adadan
murabba’an fardan majmiahuma murabba’ (a treatise on it is not possible the sum
of two odd square numbers to becomes a square number).

Yazdi’s treatise contains ) ¥ propositions. In this presentation, we will examine and

prove these \¥ propositions.



% \f"“M ‘(ISHM) QLW‘ Qlﬁ"b‘:u @Jtﬁ {M)J.A

Applying Double False Position

Maryam Zamani
For many arithmetic questions, finding the answer often corresponds to algebraic
methods, which have developed over the centuries to help provide answers with
less difficult procedures. But what about solving the arithmetic questions before
developing algebraic methods? How were the answers found? And to what extent
were they accurate?

One method to get the answer for was applying the simple false position, an
algorithmic procedure to reach the numerical answers since the Babylonian
period. It can be found in some Babylonian tablets, Egyptian papyri, and Indian
arithmetic books. Another technique called “double false position”, used in
Chinese and Islamicate scientific books was a common approach to finding the
solution for a linear equation. These methods, two of the several other ways
applied to solve the equations in Islamicate arithmetic texts, were the subject of
several books at the time that some of them have reached us.

In this workshop, we will see the work-out questions related to the equation
of selected arithmetic books, such as Lilavati written by Bhaskara II, a well-
known mathematician who lived in India in the \ Yth century. We continue with
Ibn al-SarT’s (d. V\¥ &) approach to this method from his commentary on Jabir ibn
Ibrahim al-Sab1’s (flourished 4. +) geometrical proof related to the double false
position. Then we look at some solved problems of Ibn alBann2’s (\Y&#-1¥ YY)
Talkhis ‘amal al-hisab (Summary of arithmetical operations) and his pupils’

treatises.

A
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Mathematics in Medieval Islamic World

Z.einab Karimian

The emergence of mathematics in the Islamic era coincided with the first scientific
activities of Islamic civilization in the Y"¢ century AH/ # century BC. During the
reign of the Abbasid Caliph al-Ma'miin, a center called Bayt al- Hikmah (the House
of Wisdom) was established in Baghdad for the translation and research of scientific
works from Greek, Sanskrit, Syriac, and Pahlavi languages. Over time, this center
became an important hub for scholars and translators. One of the key scientific
initiatives of this period was the dispatch of delegations to other lands to collect
copies of important scientific texts written up to that time. Another important
program involved inviting translators from languages such as Greek and Syriac to
render works into Arabic. Notable figures such as Qusta ibn Liiqa and Thabit ibn
Qurra were not only instrumental in translating these works but also made
significant contributions to mathematical research. Another influential
mathematicians during this period were the three brothers known as the Bantu
Musa. They made significant contributions to the formation of early scientific
activities, particularly in mathematics, during the Islamic era. Along with searching
for and collecting important mathematical manuscripts, they engaged in translation,
research, and the creation of innovative works.

Thus, the rise of mathematics in the medieval Islamic world was deeply influenced
by earlier civilizations, especially those of Greece and India. Among the most
notable works translated from Greek were Elements of Euclid (f2—¥d centuries
BC); treatises by Archimedes (yrd century BC) such as On the Measurement of a
Circle, On the Sphere and Cylinder, and On the Quadrature of the Parabola;
Conics of Apollonius’ (¥rd—ynd
(¥ century CE).

I[slamic mathematics can generally be divided into two main categories:

centuries BC); and portions of Pappus’s Collection

\. Applied Mathematics: This category encompassed practical areas such as

calculations for trade, determining the Qibla (direction of prayer),

Yy
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inheritance laws, land measurement, and problems related to

astronomy and geography.

. Theoretical Mathematics: This included works on algebraic equations, as

seen in the contributions of Khayyam (6%—$t% centuries AH) and Sharaf al-
Din al-Tasi (¢ century AH), investigations on the measurement of areas
under curves and arches, exemplified by Ibn al-Haytham’s works (f®—o®

centuries AH), etc.

A further classification of Islamic mathematical contributions identifies several key

fields:

Algebra: The foundation of this field was laid by Muhammad ibn M1isa al-
Khwarizmi (Y"—¥" centuries AH) with his treatise Al-Mukhtasar fi Fisib
al-Jabr wa al-Mugabala. Subsequent mathematicians such as Abt Kamil
Shuja‘ ibn Aslam (late ¥™ century AH), al-Karaji (¥ century AH), ‘Umar
Khayyam, and Sharaf al-Din al-TusI wrote numerous treatises on algebra,
demonstrating its significance.

Geometry: Influenced by Euclid’s Elements, Archimedes’ works, and
Apollonius’ Conics, Islamic scholars innovated in areas such as optics, the
construction of various curves and geometric shapes, and even solving
certain algebraic equations through geometric methods.

Trigonometry: Trigonometric works were generally written for their
practical applications in astronomical calculations, such as determining the

positions of the sun, moon, and certain planets at specific moments.

In this program, we aim to provide a concise overview of the history of mathematics

in the medieval Islamic world by delving into the details of these contributions.

Yy
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Discovering Babylonian Mathematics: Insights from Ancient

Numeral Systems
Hassan Amini

In this course, participants will delve into the world of Babylonian mathematics, an
ancient tradition that has contributed significantly to modern mathematical
concepts and practices. This journey into the mathematical history of ancient
Mesopotamia will begin with an exploration of the unique sexagesimal (base #.)
numeral system and its role in various calculations. Participants will examine how
this system has influenced our modern understanding of time and how it underpins
contemporary timekeeping methods.
The course will then turn its focus to cuneiform script, an ancient writing system
used to inscribe clay tablets in the Akkadian and Sumerian languages. Participants
will learn how historians have deciphered these tablets, unearthing invaluable
insights into the mathematical practices of the ancient Near East.
Special emphasis will be placed on studying influential tablets like Plimpton ¥YY
and YBC VYAQ, both of which exemplify the Babylonian approach to problem-
solving. Plimpton ¥ YY, a Babylonian clay tablet dating back to approximately YA.o
BCE, contains a list of Pythagorean triples, predating Pythagoras by over a
thousand years. This remarkable artifact showcases the sophisticated mathematical
knowledge of the Babylonians, who were capable of generating these triples
through an algorithm based on their understanding of reciprocal pairs.
Another significant tablet, YBC VYAA4, dates back to the Old Babylonian period
and illustrates a square with its diagonals, accompanied by cuneiform inscriptions
detailing the sexagesimal values of the square's sides and the length of the diagonal.
This tablet demonstrates the Babylonians' understanding of the Pythagorean
Theorem, highlighting their advanced geometric knowledge and applications.
As attendees examine these artifacts and learn more about the Babylonian
mathematical tradition, they will gain an appreciation for its role in the
development of various mathematical concepts and methods.
The course will highlight Babylonian problem-solving techniques, teaching
methods, and the broader historical context in which this mathematical tradition
flourished. Participants will recognize the historical significance of Babylonian

mathematics and its enduring impact on modern mathematical practices.
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Greek Mathematics

Hanif Ghalandari
Like many other branches of science, mathematical writings are also compiled and
preserved in the Greek tradition. Many of the ancient mathematicians we know of
originated from the Greek tradition and some of the most famous geometric
theorems are associated with Greek mathematicians. Therefore, understanding the
history of Greek mathematics is essential for studying the history of mathematics. In
this program, we intend to get to know some Greek mathematicians and see the
historical development of some geometric theorems.
In the history of Greek mathematics, if we want to mention key periods, one of the
most important is the ¥rd century BC, during which Euclid, Apollonius, and
Archimedes lived. First, we will turn to Euclid, the author of the great work
Blements,” which has been preserved since ancient times. The structure of the
Elements is said to be synthetical; what does ‘synthetic' mean, and why is Greek
mathematics usually called synthetical? What are the books of the Elements, and
what subject does each discuss? For example, we will follow one of the most famous
geometric theorems, the Pythagorean Theorem, and study its proof in the
Elements.
After that, it was Archimedes' turn, who, according to his writings, corresponded
with the mathematicians of Alexandria, and some of his works have come from
these correspondences. One of the earliest attempts to obtain the ratio of the
circumference of a circle to its diameter (the number p1) will be followed, and we
will observe Archimedes' solution in this regard in the treatise 'On the Measurement
of the Circle.'
Next, it is Apollonius' turn, the author of one of the most challenging mathematical
books of the classical ages! How did the ancients deal with conic sections? We will
follow how each of the conic sections was introduced and will study theorems on

the general rules of conic sections from the first treatise of the book.

Yo
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The Developments of Geometry in Greek Antiquity

Konstantinos Nikolantonakis
In this presentation, we will focus on the important contributions to the methods
and problems from the surviving mathematical works of Hippocrates, Euclid,

Archimedes, Apollonius, Ptolemy, Heron and Menelaus.

Using History of Mathematics to Teach Mathematics in Primary and
Secondary Education

Konstantinos Nikolantonakis
Mathematics is a key part of education. In this presentation, we will argue that
integrating the history of mathematics into mathematics education could support
the teaching of specific content. We will provide examples of using the history of
ancient Greek mathematics in education. We will refer to: a) the Greek-
multiplication algorithm, b) the problems included in the Palatine Anthology, ¢)
Greek historical sources concerning area-perimeter relationships and d) problems

on similarity.
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On a little known Isfahani instrument for finding the qibla which was

auctioned recently in London (Y- YY)

Jan P. Hogendijk

In his book World-Maps for finding the distance and direction to Mecca (1444),
David A King published two

instruments for finding the gibla and the direction of Mecca for all localities in the
Islamic world.

These instruments were made by extremely skilled metal workers in YVth-century
Isfahan on the basis of a correct mathematical theory, which may be substantially
older and go back to the V\Vth or even \-th century. I will briefly discuss these two
instruments and then turn to a third instrument of the same type, which was
described very briefly by David A. King in his book In Synchrony with the
Heavens (Y-+0, vol. 1) on the basis of defective and often illegible photos. In

Yo YY, the anonymous owner decided to sell the instrument at an auction in
London and as I was consulted for the preparation of the auction catalogue, it was
possible for me to obtain detailed very high-quality photos of the instrument, so
all the information can now be read completely. The instrument is now in Saudi
Arabia.

[ will introduce this third instrument to the audience and discuss several
mysterious aspects of the three instruments (for example, controversies date and
place of manufacture), and some new clues offered by the third instrument. I will
also discuss the relationship with a rather mysterious scientific treatise written
around V... In this way [ want to suggest an exciting research project to the
Iranian audience - and [ hope that Iranian researchers will eventually be able to
solve some of the mysteries on this Isfahani instrument which was one of the high

points of the entire Islamic scientific tradition.
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Aims:

The city of Istahan has a longstanding connection to mathematics, whether when
Khayyam wrote his treatise on theoretical mathematics about the parallel postulate
in V\th-century Isfahan, or when in the Y\th- \Vth century the geometric
representation of practical mathematics adorned the Jame' Mosque. History of
mathematics in Iran began with surveyors and engineers in ancient times,
acknowledged internationally with the notable mathematicians of the Islamic
period, and continues even today with contemporary researchers. Maryam
Mirzakhani is a notable figure emerging from this rich tradition, highlighting the
need to preserve and continue Iran's unique mathematical history. The Isfahan
School of Mathematics History (ISHM) aims to foster scientific and historical
connections between modern mathematical researchers and instructors and their
ancient roots. By acknowledging mathematics as an integral part of Iranian culture,
the school seeks to protect this knowledge and contribute to its development.
Motto of the school borrowed from Khayyam, where in the introduction of the
treatise on algebraic problems, he praises the one who effort for "Seeking for the

right and preferring the truth".
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