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orNameNtal Geometries:  
a persiaN compeNdium at the iNtersectioN  

of the Visual arts aNd mathematical scieNces

an anonymous primary source in persian that abruptly 
begins with the arabic heading Fī tadākhul al-ashkāl 
al-mutashābiha aw al-mutawāfiqa (on similar and com
plementary interlocking figures) has fascinated his to
rians of islamic art and mathematics ever since its 
discovery in the 1970s by mitkhat s. Bulatov and Wasma’a 
K. chorbachi (fig. 1).1 these two art historians demon
strated its significance as a rare medieval document 
(hereafter referred to as the Anonymous Compendium) 
that points to intersections between mathematical and 
artisanal knowledge, particularly in the field of geomet
ric ornament.2 thereafter, it was widely acknowledged 
for its intriguing, though still debated, implications con
cerning the design procedures used in creating various 
geometric patterns and the relationship, or lack thereof, 
between the visual arts and applied mathematical 
 sciences.3  

the present chapter reconsiders this unique source, 
which was briefly discussed in my 1995 book The Topkapı 
Scroll: Geometry and Ornament in Islamic Architecture.4 
that book analyzed its ornamental patterns in compar
ison with those compiled in later design scrolls, the ear
liest extant example being the Topkapı Scroll, attributable 
to western or central iran in the timuridturkmen pe
riod (late fifteenth to early sixteenth century).5 it is 
therefore pertinent to scrutinize the Anonymous Com-
pendium more closely in light of the new information 
and debates that have emerged in the twenty years since 
my book was published. starting with a reexamination 
of the historical contexts in which this primary source 
came into being and geometric ornament rose to prom
inence, i discuss its relationship to relevant works on 
surveying and practical geometry that are included in 
the paris codex (Bibliothèque nationale de france,  

fig. 1. a “dividing and assembling” construction in two 
stages, showing the transformation of a pentagonal star and 
two congruent decagons into a larger decagon containing a 
central pentagonal star. from the Anonymous Compendium. 
paris, Bibliothèque nationale de france, ms. persan 169, fol. 
180r [1]. (photo: Bibliothèque nationale de france) 
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GüLRU NECİPOğLU12

astronomer Nasir aldin altusi (d. 1274), who directed 
the ilkhanid observatory at maragha in northwestern 
iran. related works include diagrams representing the 
qibla direction from principal cities in iran and from 
isfahan in particular, and a work containing a diagram 
on the qibla direction from Yazd, located southeast of 
isfahan. there are also arithmetic problems; sine and 
cosine tables; extracts from a treatise on pairs of num
bers; problems based on Book ii of euclid’s Elements; 
treatises on surveying (misāḥa, the science of measure
ment) and practical geometry; a diagram showing the 
derivation of cabbalistic letters from five secant circles; 
astrological tables; and a treatise on fingerreckoning 
arithmetic by the timurid scholar sharaf aldin ʿali 
Yazdi “almuʿammāʾī” (d. ca. 1454). 

the paris codex also contains an abridged persian 
translation of a treatise in arabic on practical geometry 
(ca. 991–92 to 998) by abu’lWafaʾ alBuzjani (d. 998), 
who wrote works on arithmetic, geometry, trigonome
try, and astronomy in Buyid Baghdad.9 titled Tar juma-i 
Kitāb-i Abī al-Wafāʾ Muḥammad b. Muḥammmad al-
Būzjānī dar Aʿmāl-i handasiyya (translation of the Book 
of abu’lWafāʾ alBuzjani on Geometrical constructions 
[henceforth Geometrical Constructions]10), this treatise 
is followed by our anonymous persian compendium. 
the postface of abu’lWafaʾ’s Geometrical Constructions 
was written by the iranian mathematicianastronomer 
abu ishaq b. ʿabdallah Kubanani Yazdi (fl. 1442–43 to 
post1483), who states that he “completed” the partial 
translation of this work, which had been started by a 
beloved late colleague, upon the request of the latter’s 
son. Kubanani Yazdi’s works and letters, which were 
compiled by a disciple, show that this bilingual scholar 
wrote scientific and literary works in persian and ara
bic.11 the latest datable treatises of the paris codex were 
authored around the same time in the timuridturk
men period, by the scholars mahmud haravi (ca. 1436) 
and the aforementioned sharaf aldin ʿali Yazdi. inter
estingly, the latter’s nisba (component of a name indi
cating relation or origin) is connected with the city of 
Yazd like that of Kubanani Yazdi. 

since all the treatises assembled in the paris codex 
are written in the same hand, it has been suggested that 
they may have been copied by or for Kubanani Yazdi.12 
the contents of this collection (majmūʿa) point to the 

ms. persan 169). following an analysis of the contents of 
the Anonymous Compendium, i conclude with an inter
pretation of its wider implications for mediations and 
conver gences between the realms of the applied math
ematical sciences and artisanalarchitectural practice.

the primary sources considered in this chapter ex
plicitly or implicitly allude to intersections between 
those realms. With a few exceptions, however, his tori
ans of islamic art and science have tended to resist en
tertaining the possibility that geometerastronomers, 
artisandesigners, and master builderarchitects could 
meaningfully communicate with or learn from one 
another through their engagement in interconnected 
epistemic activities. that tendency stems in part from 
the assumption that the domains of theoretical and 
practical geometry remained entirely separate, each 
having its own methods, along with a preference to 
attribute nearly complete autonomy to artisanal prac
tice.6 another related reason is a prevalent stance 
against interpretation, compounded by the commonly 
presumed illiteracy of medieval islamic practitioners of 
the visual arts as lowly handworkers, segregated from 
contem poraneous culturalscientific trends.7 taking 
into con sideration documented instances of boundary 
crossing, this chapter highlights the agency of tech
nologies and individuals who mediated the realms of 
theory and practice. even if those individuals may have 
been exceptional, the cultures of learning and circles 
of knowledge that rippled around them were often far 
reaching.  

clues coNcerNiNG the AnOnyMOuS 
 COMpEndIuM’s historical coNtexts

the unicum copy of the Anonymous Compendium is pre
served in the paris codex, which, according to its latest 
cataloguer, comprises twentytwo persian and three 
arabic treatises on mathematical sciences.8 most of 
these works lack a preface, a title, and an author, and the 
majority are abridged extracts or translations of longer 
works in arabic or persian, datable from the late tenth 
to the midfifteenth century. the treatises address top
ics such as astronomy, with a work on the astrolabe and 
a poem on mansions of the moon by the geometer 
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alKhalil altajir” and “abu Bakr alKhalil” (fols. 187r 
[25], and 189r [31]). one of the two other works that 
mentions him begins with the heading Fī Qismat 
al-muthallathāt kullihā bi’l-awtār (on the division of 
triangles by chords). a compilation of practical geom
etry problems related to surveying, it focuses on the 
measurement (misāḥa) and division of triangles, quad
rangles, and other polygons (fig. 2a). the work ends with 
a section on numbers and numerical tables, one of 
which is attributed in an arabic caption to abu Bakr, 
whose name is cited differently: “this problem was de
rived by abu Bakr b. alKhalil, the pride of geometers, 
by intellectual  power” (Ikhrāj hādhihi al-masʾala li-mu-
fakhkhar al-muhan disīn Abī Bakr b. al-Khalīl bi’l-quwwa 
al-fikriyya) (fol. 118v [fig. 2b]). the title of the second 
work, which suggests that it may have been a compila
tion extracted from a longer treatise, is named after him 
as Lil-aʿmāl Abī Bakr al-Khalīl al-Tājir al-Raṣadī (of the 
con structions by abu Bakr alKhalil altajir alrasadi) 
(fig. 2c). i previously proposed that abu Bakr, whose 
nisba (al-raṣadī) suggests his specialization in observa
tional astronomy, must have been a practiceoriented 
geometerastronomer familiar to some degree with 
both theoretical and practical geometry.17 a closer look 
at his works in the two treatises of the paris codex sup
ports this inference. after briefly summarizing the con
tents of these works, which deserve more detailed 
analysis in the future, i will consider new information 
on abu Bakr that was brought to light by Özdural.

Two anonymous treatises and further traces of Abu 
Bakr’s identity

“on the division of triangles” starts with problems ex
plicating the division of triangles in ratio/proportion 
(nisbat) and moves on to the division of quadrangles 
into triangles. it also explores the relationship between 
a hexagon and a triangle, and between a heptagon and 
a triangle inscribed within a circle (fig. 2a). labeled sec
tion (faṣl), problem (masʾala), and example (misāl), 
much like its counterparts in the Anonymous Compen-
dium, the geometrical constructions of this work also 
include analyses of proportional relationships between 
polygons with equal areas. examples include the area 
of a square to that of a regular octagon, and the area 

special interest of its owner, perhaps Kubanani himself, 
in the practical application of mathematics to a wide 
variety of fields. i find it significant in this regard that he 
has recently been identified as the probable owner of 
another codex, comprising a collection of mathemati
calastronomical treatises copied not by him, but by 
several different scribes. a verse in persian appears as 
an annotation on one of the folios in this codex. accord
ing to a statement in arabic (written by someone else), 
that verse had been copied by Kubanani: “script (khaṭṭ) 
of the master of great mathematicians (ustāẕ akābir al-
riyāżīyīn), who revived the traces of the sciences of past 
philosophers, his excellency abu ishaq b. ʿabdallah al
Kubanani.”13 

the Anonymous Compendium was believed to have 
been an appendix to the abridged persian translation of 
abu’lWafaʾ’s practical geometry treatise in the paris 
codex and both works were ascribed by Bulatov to the 
early eleventh century.14 disputing this presumed con
nection, chorbachi noted the greater complexity of the 
geometrical constructions in the Anonymous Compen-
dium, which she dated to iraq circa 1200 (late twelfth to 
early thirteenth century). this hypothetical date was 
further extended to circa 1300 (late thirteenth to early 
fourteenth century) by alpay Özdural, who attributed 
the Anonymous Compendium to mongolilkhanid iran.15 
Whether it was put together as an informal record of 
gatherings attended by geometers and artisans, or as a 
teaching manual, as some scholars have speculated, 
must remain an open question.16 Nor can we be certain 
of its date and place of production. By whom and for 
what purpose it was initially compiled is not disclosed 
in this primary source, unlike abu’lWafaʾ’s Geometrical 
Constructions, where, as we shall see, the author implies 
that the intended audiences of his treatise were artisans, 
surveyors, and other interested parties, whether or not 
this expectation was fulfilled.  

in my 1995 book i drew attention to an otherwise un
known individual, whose name appears not only in the 
Anonymous Compendium but also in two other persian 
treatises of the paris codex, which likewise bear arabic 
headings in red ink, with no further information as to 
the author. it seemed to me particularly important at 
that time to determine the identity of this person. the 
Anonymous Compendium refers to him as “abu Bakr 
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of an equilateral triangle to that of a rightangled oc
tagonal star (fig. 2a). the latter example is significant 
because star polygons are typically omitted from sur
veying and practical geometry treatises, including 
that of abu’lWafaʾ (with the exception of pentagonal 
stars, which are introduced in his last chapter, on divi
sions of the sphere). as we shall see, several construc
tions in the Anonymous Compendium also address the 
topic of polygons and star polygons with equal areas. 
“on the division of triangles” culminates in a section 
on numbers and numerical tables, some of which are 
attributed to Nicomachus of Gerasa and pythagoras  
(fol. 116r). 

fig. 2a.  page with geometrical constructions; from top to 
bottom: division of a triangle; a circle inscribed with a tri
angle half of whose side equals the side of a heptagon; an 
equilateral triangle and a rightangled octagonal star with 
equal areas. from “on the division of triangles.” paris, Bib
liothèque nationale de france, ms. persan 169, fol. 114v. 
(photo: Bibliothèque nationale de france)  

fig. 2b. page with numerical tables attributed in the last line 
to “abu Bakr b. alKhalil.” from “on the division of trian
gles.” paris, Bibliothèque nationale de france, ms. persan 169, 
fol. 118v. (photo: Bibliothèque nationale de france)

since the previously mentioned numerical table is 
ascribed to abu Bakr b. alKhalil, he may have been the 
author of some of the other constructions compiled in 
this source, given their similarity to those of the second 
treatise, which is specifically named after him. “con
structions by abu Bakr” demonstrates his ability to com
bine arithmetical (numerical) and geometrical methods, 
neither of them provided with proofs (fig. 2b). While 
both methods coexisted in the field of surveying (miṣāha, 
measurement), practitioners of the visual arts and archi
tecture generally relied on the latter, a constructive ge
ometry that subordinated the computation of numbers 
to the manipulation of geometrical shapes.18 this work 
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A Persian Compendium at the Intersection of the Visual Arts and Mathematical Sciences 15

Wafaʾ wrote one of the earliest treatises.19 the next two 
pages present diverse numerical tables for the most im
portant dimensions of rightangled triangles, extracted 
by abu Bakr [b.] alKhalil altajir in the “arithmetical 
method” (uṣūl al-arithmāṭīqī), for use in “constructions 
of surveying” (aʿmāl al-miṣāḥa) (fols. 125v–126r). the fol
lowing section explains how harmonious numbers are 
a property of squares, produced by means of rightan
gled triangles.  

another section, on the measurement of arcs and the 
division of circles, is once again accompanied by nu
merical tables. it differentiates the method of “astrono
mers/astrologers” (aṣḥāb-i nujūm, munajjimīn), based 
on the division of circles into degrees, minutes, and 

cites Book x of euclid’s Elements (on irrational magni
tudes), and also makes a crossreference to ptolemy’s 
astronomical “tables” (jadval), in keeping with abu 
Bakr’s expertise in observational astronomy. these cita
tions show his familiarity, at least to a certain degree, 
with theoretical geometry treatises. the title page and 
the page facing it begin with the division of rightangled 
triangles, pertaining to “the method of arithmetical ra
tios/proportions” (al-uṣūl ʿalā nisbat al-arithmāṭīqī), 
whose properties relate to “harmonious numbers” 
(aʿdād-i wafq), as seen in an accompanying numerical 
table. the table is a square with sixteen subsquares or 
“compartments” (khāna, lit. cell), constituting a magic 
square of order four (fig. 2c), a topic on which abu’l 

fig. 2c. title page and facing page with a magic square. from “constructions by abu Bakr.” paris, Bibliothèque nationale 
de france, ms. persan 169, fols. 124v–125r. (photo: Bibliothèque nationale de france)
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of a heptagon and an octagon. accompanying lists give 
approximate (taqrīb) measurements of the ratios/pro
portions (nisbat) of the sides and diameters for all regu
lar polygons inscribed in a circle, from the triangle to the 
decagon (fols. 132v–133r). 

“constructions by abu Bakr” culminates with dia
grams on applied surveying problems related to the 
 construction of pulleys; the measurement of inacces 
sible heights by means of reflections on two mirrors  
(fig. 3); the measurement of the height of “a wall, tree, 
minaret, mountain, or something else,” illustrated with 
the case of a mountain (fig. 4); and the measurement of 
the depth of a well (fig. 5). the last three diagrams make 
use of triangulation techniques, based on proportion
ally related “similar” (shabīh) triangles. one of the texts 

 seconds, from that of “surveyors” (massāḥ), referred to 
as the “method of simplification and approximation” 
(ṭarīq-i tashīl va taqrīb) (fol. 129r). abu Bakr firmly as
serts his preference for triangulation methods in survey
ing: “know that the best kind of surveying is that in 
which one divides surfaces/areas into triangles.” this 
statement is followed by tables with measurements of 
triangles, and a geometrical construction showing the 
measurement of a quadrangle by means of triangulation 
(fols. 131r–132r). the subsequent section deals with ap
proximate construction methods used in surveying 
(aʿmāl-i miṣāḥa ast bi-taqrīb). it focuses on measuring 
the sides of diverse polygons inscribed in a circle by 
means of a central triangle whose apex coincides with 
that circle’s midpoint, as is illustrated in two diagrams 

fig. 3. approximating the measurement of an inaccessible height by means of reflections on two mirrors. from “construc
tions by abu Bakr.” paris, Bibliothèque nationale de france, ms. persan 169, fols. 135v–136r. (photo: Bibliothèque nationale 
de france)
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A Persian Compendium at the Intersection of the Visual Arts and Mathematical Sciences 17

by sayyid sharif (shāqūl, min taṣḥīḥ-i Sayyid Sharīf) (fig. 
3). this name can almost certainly be identified as the 
celebrated timurid philosophertheologian and math
ematician sayyid alsharif alJurjani (ca. 1339–1413).20 if 
so, the original text by abu Bakr must date earlier than 
alJurjani’s gloss. 

admitting that the date and provenance of the Anon-
ymous Compendium “remain uncertain,” i tentatively 
ascribed it in my book to sometime between the elev
enth and thirteenth centuries, with the proviso that it 
could be more precisely dated if abu Bakr’s identity 
were ascertained.21 following up my insight, Özdural 
discovered a clue on the basis of which he hypotheti
cally identified “abu Bakr alKhalil altajir” as the father 
of “ʿali b. alKhalil altajir,” who, in 728 (1327–28),  copied 

refers to this common mode of surveying as the “method 
of the ratio/proportion of square numbers” (ṭarīq-i nis-
bat-i aʿdād-i arbaʿa), that is, numbers for which square 
roots exist (fig. 3). the other two surveying operations 
also involve the “method of ratio/proportion” (ṭarīq-i 
nisbat), based on similar triangles and triangulation. 
their textual commentaries, aligned with the diagonal 
and/or vertical outlines of accompanying composite 
figures, recall the multidirectionality of texts in the 
Anonymous Compendium (figs. 4 and 5). the treatise 
ends abruptly, with the measurements and drawings of 
scalene triangles, in keeping with abu Bakr’s preference 
for triangulation methods in surveying. a marginal gloss 
accompanying the diagram showing the use of two mir
rors indicates that the word “plummet” was corrected 

fig. 4. approximating the measurement of the height of a mountain, accompanied by two alternative solutions for com
posing a square from three squares. from “constructions by abu Bakr.” paris, Bibliothèque nationale de france, ms. persan 
169, fols. 136v–137r. (photo: Bibliothèque nationale de france)
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as “conjecture,” by his iranian informants, without con
crete documentation.23 Nonetheless, it is indeed strik
ing that both men were involved in the applications of 
practical geometry to the field of surveying. moreover, 
as noted above and further elaborated below, extracts 
from abu Bakr’s works that are preserved in the paris 
codex resonate in several ways with the contents of the 
Anonymous Compendium. coupled with the conspicu
ous similarity of names, the circumstantial evidence is 
compelling enough, in my view, to posit a familial rela
tionship. Besides, it was common in medieval iran for 
mathematical training to run within families. to give an 
example, abu’lWafaʾ, who was born in Buzjan near 
Nishapur in northeastern iran, initially studied numbers 
and arithmetic with his paternal and maternal uncles 
before moving to Baghdad.24 

moreover, the different spelling of abu Bakr’s name, 
as “abu Bakr b. alKhalil” in the work titled “on the divi
sion of triangles,” finds a hitherto unnoticed parallel in 
a collection of mathematical works in saint petersburg, 
where his name is similarly cited as “abu Bakr b. al
Khalil altajir.” he was the copyist of this arabic codex, 
which features a fragment of a treatise on surveying il
lustrated with geometrical constructions and authored 
by the famous iraqi geometerastronomer and physi
cian ibn alhaytham (d. ca. 1040). in his discussion of the 
treatise, rushdi rashid states that “we know nothing 
about this copyist, except that he had a somewhat me
diocre grasp of orthography. the number of his mistakes 
in fact suggests that abu Bakr did not belong to the 
learned classes.”25  

Judging by the works of abu Bakr compiled in the 
paris codex, i suggest that he was one of those inbe
tween scholarpractitioners who mediated theory and 
practice with ingenuity. although these works betray 
his less than thorough knowledge of arabic grammar 
and orthography, he nevertheless had a fine command 
of persian. it is not unreasonable to hypothesize that the 
correct version of his name was abu Bakr b. alKhalil 
altajir alrasadi, given that it was not uncommon for 
the “ibn” to be left out during copying. if so, it is likely 
he was the brother of ʿ ali b. alKhalil altajir, rather than 
his father, and that they were both active towards the 
end and possibly beyond the reign of the ilkhanids  
(r. 1256–1335), whose territories encompassed iran and 

an arabic manuscript on surveying now kept at the 
astani Qudsi razavi library in mashhad. this tantaliz
ing clue encouraged him to propose that abu Bakr prob
ably flourished around the late thirteenth to early 
fourteenth centuries, thereby suggesting a date circa 
1300 for the Anonymous Compendium.22 

the same codex in mashhad includes the persian 
translation of another arabic treatise on surveying that 
lacks a colophon but was transcribed in the same hand, 
by ʿali b. alKhalil altajir. these works are discussed in 
the present volume by elaheh Kheirandish, who ques
tions the fatherandson relationship between abu Bakr 
and ʿ ali that was inferred by Özdural. We learn from her 
that this inference had only been proffered to Özdural 

fig. 5. approximating the measurement of the depth of a 
well. from “constructions by abu Bakr.” paris, Bibliothèque 
nationale de france, ms. persan 169, fol. 137v. (photo: Bib
liothèque nationale de france)
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A Persian Compendium at the Intersection of the Visual Arts and Mathematical Sciences 19

wrote short essays on the properties of the rightangled 
triangle with respect to its height, as well as on the con
struction of conic sections by mechanical means.31 this 
major scientist composed at least four works on survey
ing methods, revealing his readiness to address the 
needs of practitioners. one of these is an essay titled “on 
Knowing the height of upright objects, on the altitude 
of mountains and the height of clouds.” another ver
sion, titled “on the determination of the height of 
mountains,” lacks proofs and was intended for practitio
ners.32 

ibn alhaytham’s treatise “on the principles of 
measure ment,” which abu Bakr copied, was meant 
“to provide surveyors with a rigorous but elementary 
geo metrical manual of their art.” everything in it is 
reduced to linear measurements (rather than curves), 
with polygons divided into triangles and polyhedrons 
into pyramids. this testifies to the prevalence of trian
gulation methods in surveying, as noted in abu Bakr’s 
own treatise on the same subject. in ibn alhaytham’s 
“principles of measurement,” geometric magnitudes 
consisting of lengths, areas, and volumes are measured 
from given rectilinear dimensions or angles. as we shall 
see, the Anonymous Compendium likewise employs both 
rectilinear and angular measurements in the construc
tion of proportionally related interlocking figures. such 
modular measurements in ibn alhaytham’s surveying 
treatise are referred to in terms of arbitrary units (such 
as the cubit), expressed as rational or irrational num
bers, through which the author introduces a “numerical 
concept of the ratios of magnitudes,” with some degree 
of approximation.33 accompanied by scientific proofs, 
his manual ends in an excerpt summarizing “practical 
procedures” that, in his own words, was intended for 
use by surveyors. since they “do not make use of any 
proofs when making their measurements,” he hoped 
that “its content may be accessible and easy for some
one who wishes to acquire instruction in the art of 
measurement and to make use of the practical proce
dures.”34 ibn alhaytham’s statement echoes a similar 
remark concerning artisanal practices in abu’lWafaʾ’s 
late tenthcentury Geometrical Constructions, to which 
i shall turn later. the Anonymous Compendium, too, 
differentiates, though not consistently, between geo
metrically accurate and approximate solutions, thereby 

iraq. these bilingual individuals, then, appear to have 
flourished in the 1300s, each copying—and in the case 
of abu Bakr also authoring—arabic and persian works 
on surveying and practical geometry that were illus
trated with geometrical constructions, although we do 
not know where.26  

Abu Bakr and the connection to Ibn al-Haytham

ibn alhaytham’s fragmentary surveying treatise in the 
aforementioned arabic saint petersburg codex, which 
was copied by abu Bakr, is titled Fī uṣūl al-misāḥa (on 
the principles of measurement).27 this illustrious iraqi 
scientist flourished in Basra and Baghdad, the capital of 
the abbasid caliphate, which was then under the tute
lage of the Buyid dynasty, spending his later years in the 
fatimid capital, cairo.28 another work transcribed by 
abu Bakr in that codex, titled al-Fawāʾid al-bahāʾiyya fī 
al-qawāʿid al-ḥisābiyya (Notable uses of arithmetic 
rules), is a treatise on geometry, algebra, and arithmetic 
that includes a chapter on surveying methods.29 it was 
written by the mathematician muhammad ibn al
Khawwam alBaghdadi (ca. 1245–1324), who worked in 
Baghdad as well as isfahan and was a pupil of the first 
director of the maragha observatory, Nasir aldin  
altusi (d. 1274).30 that treatise is followed by ibn al
haytham’s piece, and another work titled al-Ḥisāb 
(arithmetic), by the mathematicianengineer abu Bakr 
b. muhammad b. alhusayn alKaraji (ca. 953–ca. 1029), 
who prospered in Buyid Baghdad. 

interestingly, “ibni haytham” (i.e., ibn alhaytham) 
is mentioned in one of the commentaries in the Anony-
mous Compendium, which refers to his nowlost treatise 
on a rightangled triangle with particular proportions 
that he constructed “by means of conic sections, a hy
perbola and parabola.” it is tempting to conjecture that 
the author of this commentary may have been abu Bakr, 
who copied ibn alhaytham’s treatise on surveying. tex
tual commentaries in the Anonymous Compendium re
fer not only to ibni haytham and abu Bakr [b.] alKhalil 
altajir, but also to euclid’s Elements, indicating that its 
author(s) knew at least the subjects covered in some 
treatises on theoretical geometry. ibn alhaytham used 
intersecting conic sections in three theoretical works—
two treatises on constructing a regular heptagon, and 
another piece titled “completion of the conics.” he also 
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 particularly relevant for composing interlocking star
andpolygon patterns. this construction is accompa
nied by several others on drawing regular pentagons 
with a fixed compass opening equal to a given altitude, 
or side, or the radius of a circumscribing circle (fols. 
186r–187v).   

one of those pentagons contains an annotation ex
plaining that the method for its construction was “de
duced, not transmitted,” a comment implying that the 
constructions compiled in the Anonymous Compendium 
were the result of a mix of methodological continuity 
and innovation (fol. 186bis(r) [21]). the simpler, exact 
methods for drawing a regular pentagon with a fixed 
compass opening that are explicated in abu’lWafaʾ’s 
Geometrical Constructions are not repeated here, an 
omission suggesting a prior knowledge of those meth
ods. only one of his pentagon constructions, slightly 
modified, appears in a tiny marginal drawing of the 
Anonymous Compendium.37 it was apparently added 
later, close to the edge of a page, with a caption written 
in a different hand than that of the midfifteenth 
century copyist (fol. 186r [20], pls. 20.1–4). the script of 
this document is otherwise generally uniform, with the 
exception of another caption in the same hand that 
accom panies a pentagonal star inscribed within a semi
circle, which is likewise drawn close to the edge of a 
page (fol. 186bis(v) [24]). rendered in black ink, both 
figures and their captions were seemingly inserted by 
the same person, as a visual commentary or gloss, next 
to two of the original pentagon constructions. 

unlike abu’lWafaʾ’s Geometrical Constructions, a 
substantial part of the Anonymous Compendium deals 
with ornamental patterns. the repeatunits for such 
patterns combine diverse polygons, the stars associated 
with them (often named after the corresponding poly
gons), and the fragments of these figures, all of which fit 
seamlessly together. the textual instructions for the 
generally square and rectangular repeatunits describe 
geometrical procedures for inscribing proportionally 
related similar and complementary figures, which in 
turn interlock with one another. in comparison with the 
seemingly generic audience of artisans, surveyors, and 
other interested parties targeted by abu’lWafaʾ ’s practi
cal geometry treatise, the Anonymous Compendium ad
dresses the concerns of a more specialized audience 

linking the worlds of the scholarpractitioner and artisan 
designer.   

the genre of “mixed” mathematical sciences, com
bining knowledge (ʿilm) and action (ʿamal), has only 
recently attracted the attention of historians of islamic 
science.35  already theorized in the early classification 
of sciences by the philosopherscientist abu Nasr al
farabi (d. 950–51), who flourished in abbasid Baghdad 
and passed away in damascus, the tradition of “mixed” 
sciences provides a fruitful framework within which to 
contextualize the Anonymous Compendium. alfarabi 
classified seven fields of mathematics (arithmetic, ge
ometry, optics, astronomy, music, weights, and mechan
ics), each comprising theoretical (al-naẓarī) and 
practical (al-ʿamalī) branches; among these practical 
geometry was used by carpenters, metal workers, ma
sons, and surveyors. abu alhasan alʿamiri (d. 992), 
who enjoyed the patronage of the Buyid vizier ibn al
ʿamid (d. 971), states that geometry is easier to under
stand than arithmetic, as it is concerned with “sensual 
prototypes,” and is more farreaching in its practical ap
plications, “for without its aid the arithmetician cannot 
extract irrational roots, nor the surveyor determine the 
shapes of sites, nor human reason calculate the extent 
of the seas and the height of mountains.” he adds that 
geometry is also useful to “all gifted architects, car
penters, sculptors, and goldsmiths, and used for the 
manufacture of astronomical instruments.”36 Before 
proceeding further, it will be helpful to consider abu 
Bakr’s personal involvement in the authorship of some 
of the geometrical constructions in the Anonymous 
Compendium.   

Constructions by Abu Bakr in the anonymous 
 compendium   

two geometrical constructions in the Anonymous Com-
pendium are attributed by accompanying texts to abu 
Bakr. the first concerns the method for drawing a regu
lar pentagon with a fixed compass opening equal to the 
chord (fol. 187r [25]). this pentagon construction, as
cribed by its arabic caption to “abu Bakr alKhalil al
tajir,” is based on a sophisticated approximation, in 
accordance with his competence in the approximative 
methods employed in surveying. Because abu Bakr’s 
pentagon is inscribed with a pentagonal star, it is 

Gülru Necipolu - 9789004315204
Downloaded from Brill.com02/26/2019 11:45:38PM

via Harvard University



A Persian Compendium at the Intersection of the Visual Arts and Mathematical Sciences 21

proaches to a given problem, one rectilinear, the other 
angular (i.e., curvilinear). the square repeatunit with 
fourfold rotational symmetry consists of two large par
allel squares creating a border around a third rotated 
central square, whose sides extend to form four kite
shaped quadrangles (fig. 6). Özdural has suggested that 
the purpose of delineating both constructions on the 
same figure was to compare the differing proportions of 
two variants of the same pattern (pls. 30 and 31). Jan 
hogendijk explains that the first version (fol. 188v [30]) 
is based on a given rectilinear unit repeated in many line 
segments and distances, which is derived from the sides 
of a rightangled triangle (1:2:√5), while the second ver
sion is generated by a given angle called a “line [num
ber] four” that is repeated throughout (fol. 189r [31]).39 

the instructions in the Anonymous Compendium ad
dress practitioners in their own specialized technical 
language; allusions to drawing a “line [number] four” 
(khaṭṭ-i chahār), “line [number] five” (khaṭṭ-i panj), “line 
[number] six” (khaṭṭ-i 6), “line [number] seven” (khaṭṭ-i 

with relatively advanced skills, probably scholarpracti
tioners, artisandesigners, and master builderarchi
tects. the genre of ornamental starandpolygon 
patterns scrutinized in this source had been evolving 
since the eleventh century, having now reached a stage 
that involved the crossexamination and rationalization 
of their ratios/proportions, along with a growing con
cern for precision. 

such a process of crossexamination is implied by the 
textual commentary of the other geometrical construc
tion that names abu Bakr (fig. 6): 

masters (ustādān) examine the proportion (nisbat) of this 
repeatunit (ʿaqd). abu Bakr [b.] alKhalil examined it in a 
few ways. the constructions were made. one of these [con
structions] is the one that has been explained (fol. 189r 
[31]).

the drawing corresponding to this text is on the previ
ous page, where it is stated that: 

some practitioners of geometry (aṣḥāb-i handasa) held that 
[if] we want the distance between two parallel squares to 
be equal to the side of the square in the middle, then it is 
necessary that magnitude sN be equal to [r]J. the propor
tion (nisbat) of it [the repeatunit] is such that, since the 
square of of is assumed, they draw this repeatunit (ʿaqd) 
in another way…. if one of these two squares is known, the 
other is found by means of the proportion [of the repeat
unit] (fol. 188v [30]).

the “masters” (ustādān), including abu Bakr, who ex
amined the proportions of this geometrical construc
tion may or may not have been the same individuals as 
the “practitioners of geometry” (asḥāb-i handasa) men
tioned on the previous page. the latter could have be
longed to another time and space, when they 
formulated that particular construction method. as the 
text is ambiguous, the “masters” and “practitioners of 
geometry” may also have been one and the same.38 
Whatever the actual circumstances, it is telling that not 
all of the constructions made by abu Bakr were record
ed. the texts cited above hint at investigational pro
cesses that led to the modification of preexisting designs 
and the formulation of alternative construction meth
ods, only some of which finally made it to the Anony-
mous Compendium.                   

in this particular example, a single geometric dia
gram has been provided to describe two different ap

fig. 6. a geometrical construction examined by abu Bakr, 
composed of parallel concentric squares forming a border 
around a central rotated “fourlegged” square surrounded by 
rotating kites and nonconvex hexagons. from the Anony-
mous Compendium. paris, Bibliothèque nationale de france, 
ms. persan 169, fol. 188v [30]. (photo: Bibliothèque nationale 
de france)
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repeatunits in the Anonymous Compendium (fols. 180v 
[2], 182v [10], 188r [28], 188v [30], 189v [33], 191r [36], 192v 
[41], 194v [48]). one of these has an outer border formed 
by two parallel squares, but lacks a rotated central 
square (fol. 192v [41]). the accompanying text explains 
that it is based on a given unit of measurement, from 
which one derives its “small and large proportions” (nis-
bat-i kuchak va buzurg,). Not all of these geometrical 
constructions seem to have been intended as repeat
units for decorative patterns. as a group, they may be 
interpreted as explorations of the properties of the ro
tated “fourlegged” square as a dynamic proportioning 
device, which could play a role in generating ornamen
tal panels or in setting out ground plans and elevations. 
in some of these constructions, the “fourlegged” square 
forms an underlying generative scheme, indicated in 
dotted lines, that structures a decorative pattern (see fig. 
17), or as a design motif surrounded by four rightangled 
triangles that are proportionally subdivided into small
er units, including kites, rhombuses, and triangles (see 
fig. 12). 

the Anonymous Compendium also features a series of 
constructions composed of kites with a twofold rota
tional symmetry that are framed in rectangular repeat
units. one of these is based on a “difficult” (mushkil) 
rightangled triangle that “falls outside euclid’s Elements 
and concerns the science of conics (ʿilm-i makhrūṭāt).” 
it therefore required the use of a “moving ruler” (fol. 185v 
[17, 18]). (as the Elements deals only with polygons 
drawn by rulerandcompass, conic sections and poly
gons with seven, nine, eleven, thirteen and fourteen 
sides fall outside its scope). the special rightangled tri
angle on which the proportion of that repeatunit is 
based has been “established on the backside of this fo
lio” (fol. 185r [16]). the rectangular frame of the repeat
unit is composed of two such triangles, whose shared 
hypotenuse divides the pattern into two congruent 
parts. cutting off a triangle from the tip of each of those 
triangles creates two quadrangular kites facing in op
posite directions, which are further subdivided into 
three kites. replicating the repeatunit yields a compo
sition combining irregular hexagonal stars, hexagons, 
and kites (pl. 16.3).46 this pattern and others like it have 
indirect relevance for ornamental patterns, in that they 
investigate proportional relationships between trian
gles, quadrangles, kites, and their derivatives. 

haft), and “line [number] eight” (khaṭṭ-i 8) constitute a 
shorthand for designating various angle measurements, 
their numbers corresponding to angles formed by the 
radii of uninked circular construction lines.40 the text 
of the same construction also refers to “four [number] 6 
kites” (chahār turunj 6), each of which is further subdi
vided into a smaller kite and a chevron (a nonconvex 
hexagon) (fol. 189r). the quadrangles called “[number] 
6 kites” combine two congruent rightangled triangles 
(30°60°90°), drawn by means of a “set square [num
ber] 6” (gūnyā-6). We shall see that elsewhere in the 
Anonymous Compendium a template is provided for 
such a set square (fol. 184v [14]).41 it is likely that the 
repeatunit analyzed by abu Bakr was based on a pre
existing pattern. early variants of this geometrical con
struction appear at the mausoleum of the rum 
(anatolian) seljuk sultan ʿizz aldin Kaykavus in sivas 
(1217), and in a madrasa at Zuzan in eastern iran (1218) 
that was built by a Khwarazmshahid governor on the 
eve of the mongol invasions (fig. 6). Both variants fea
ture an additional hexagonal star motif, unlike a later 
timurid version at the Gawhar shad mosque in mash
had (1418), which comes closer to the pattern in the 
Anonymous Compendium (pl. 30.3b).42  

simpler versions of this square pattern, without the 
outer border, contain a smaller rotated square at the 
center, whose extended sides touch the framing square 
to create four kites or four rightangled triangles along 
each side. it is known today among some traditional 
iranian builders as chahār turunj (lit. “four kites”), or 
chahār langa (lit. “fourlegged”), in reference to the four 
extended sides or “legs” of the rotated central square.43 
an early example with four rotating kites, mentioned by 
chorbachi, appears in one of the twin seljuk tomb tow
ers at Kharraqan in iran dated 486 (1093): it forms the 
invisible underlying scheme that structures repeat pat
terns in cut brick. the same scheme is used as a decora
tive motif in its own right in the woodwork door of the 
imam ibrahim mosque at mosul in northern iraq, which 
is dated 498 (1104) (pl. 2.6).44 subsequent examples 
decorate the woodwork minbars and screens of several 
late thirteenth to early fourteenthcentury mosques in 
anatolia, produced after the 1243 subjugation of the 
rum seljuks by the mongols.45  

this versatile pattern, which comprises a central ro
tated fourlegged square, is featured in many square 
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ors to geometers, this diagram must have been particu
larly relevant for practitioners in those fields. applied 
problems discussed by the author in the same chapter 
include the cutting and assembling of bricks, and the 
division of estates among heirs.47

Özdural plausibly identified one of the two diagrams 
in “constructions by abu Bakr” as the solution of abu’l
Wafaʾ and attributed the other one to abu Bakr himself 
(fig. 4, pl. 2.4). Noting the latter diagram’s similarity to a 
geometrical construction in the Anonymous Compen-
dium, he suggested that that one too might have been 
drawn by abu Bakr (fol. 182v [9], pls. 9.1 and 9.2a–b). 
although Özdural surmised that the paired diagrams in 
“constructions by abu Bakr” were arbitrarily inserted by 
the author into one of the margins of his surveying trea
tise, they are actually fully integrated with that page, 
rather than having been added as an afterthought. 

remarkably, two variations on a square containing a 
rotated “fourlegged” square, surrounded by four right
angled triangles, are drawn side by side in the margin of 
a page in the surveying treatise titled “constructions by 
abu Bakr.” initially these drawings seem to bear no obvi
ous connection to the text and illustration on that page, 
which concern how to measure the height of a moun
tain by approximation (fig. 4). labeled “two alternative 
solutions for the problem of composing a square from 
three squares,” the drawings address the problem posed 
by artisans to geometers at a gathering attended by 
abu’lWafaʾ . as we shall see in the next section, the solu
tion to that problem involved a similar geometrical dia
gram based on “square numbers,” that is, numbers 
having square roots (fig. 7). since abu’lWafaʾ’s chapter 
on the division and composition of squares addressed 
questions most frequently posed by artisans and survey

fig. 7. abu’lWafaʾ’s solution for composing a square from three squares, consisting of four triangles rotating around a 
central rotated “fourlegged” square. from the Geometrical Constructions. paris, Bibliothèque nationale de france, ms. 
persan 169, fol. 171v. (photo: Bibliothèque nationale de france)  
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to my mind, a provisional date in the 1300s seems 
more than likely for the initial compilation of the Anon-
ymous Compendium, given its connection with abu Bakr 
and extracts from other works of his included in the 
same codex. this first compilation, in turn, was in all 
probability copied again, in a revised version, around 
the midfifteenth century by or for Kubanani Yazdi. it is 
hoped that, with future research, additional clues con
cerning the historical contexts of this fascinating source 
may come to light, particularly visàvis the familial re
lationship and scholarly profiles of abu Bakr b. alKhalil 
altajir alrasadi and ʿali b. alKhalil altajir, as well as 
the specific locales in which they flourished. for the 
time being, however, a close reading of the Anonymous 
Compendium in relation to abu’lWafaʾ’s Geometrical 
Constructions can furnish fruitful insights. 

aBu’l-Wafaʾ’s treatise aNd  
the proliferatioN of Geometric orNameNt  

on a page in the Anonymous Compendium featuring two 
constructions, the text for the lower geometrical dia
gram explains that, “the ratio of the length and width of 
this repeatunit is determined by geometrical method 
(bi-ṭarīq-i handasa) from the octagon” (fol. 187v [27], pls. 
27.1–2). the construction at the top of that page illus
trates a “simple proportion” (nisbat-i sahl), which re
flects the working method of “some artisans” (baʿżī 
az-ṣunnāʿ) that is “extremely close” to the required ra
tio/proportion (fol. 187v [26], pl. 26.1). the juxtaposition 
of a geometrically exact construction with an approxi
mation discovered by artisans indicates that the 
author(s) of this source were cognizant of alternative 
ways of achieving a particular construction. a similar 
awareness characterizes the celebrated passage in the 
tenth chapter of abu’lWafaʾ’s Geometrical Construc-
tions, in which the author states that he had participat
ed in one of the gatherings (majālis) attended by some 
artisans (al-ṣunnāʿ) and geometers (al-muhandisīn) 
where the differing geometrical construction methods 
preferred by each group became manifest. When the 
artisans inquired about the construction of a square 
from three squares, a skilled geometer easily responded. 
however, none of the artisans were satisfied with that 

moreover, the surveying problem accompanying both 
diagrams is related to them.48 this problem, on the mea
surement of a mountain by approximation, involves a 
triangulation technique similar to the one using two 
mirrors; the aforementioned text on the latter tech
nique refers to that procedure as the “method of the 
ratio/proportion of square numbers” (ṭarīq-i nisbat-i 
aʿdād-i arbaʿa) (fig. 3). thus, the paired diagrams that 
are also based on “square numbers” were not an irrele
vant insertion to this page (fig. 4). the prominence of 
the rotated “fourlegged” square in the Anonymous Com-
pendium, then, accords well with abu Bakr’s expertise 
in surveying methods dominated by triangulation and 
the proportional division of polygons, particularly tri
angles and quadrangles. he may well have contributed 
to some of the patterns with rotated “fourlegged” 
squares that constitute a special subgroup in this source. 

Whatever the unknown circumstances and contexts 
of its production, the Anonymous Compendium likely 
drew upon geometrical constructions formulated in 
nowlost earlier arabic and persian treatises.49 as a mat
ter of fact, freely copying and reworking older problems 
was a typical characteristic of medieval practical geom
etry manuals circulating in the latin West and in the 
islamic lands.50 Nor do ornamental patterns in extant 
buildings or artifacts that find counterparts in this doc
ument allow us to confirm its date and provenance. af
ter all, those patterns could have been drawn later, 
contemporaneously with, or even before their appear
ance on particular monuments, whether directly copied 
from them or from previous drawings. Briefly put, the 
contextual circumstances in which the Anonymous 
Compendium was compiled must remain open ques
tions until more concrete additional evidence is gar
nered in the future. that said, even if it included patterns 
from earlier monuments and extracts from previously 
written sources, it appears that the unicum copy in the 
paris codex was compiled at a discrete point in time and 
in a particular place, rather than having been formed 
additively over several centuries. this is strongly sug
gested by the relative consistency of its language, its 
technical terminology, and the types of issues addressed 
in its textual commentaries, which persistently focus on 
ratios/proportions (nisbat) and close approximations of 
geometrically correct constructions. 
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Both treatises exemplify the abiding dedication of the 
author and his royal patrons to fostering the practical 
applications of arithmetic and geometry. these works 
were commissioned from abu’lWafaʾ at the height of 
the Buyids’ royal and elite patronage of the mathemati
cal sciences, when they reigned over a territory roughly 
corresponding to modern iraq and western iran.56 it has 
been shown that interest in geometry and algebra (com
bining computational and geometrical problems) 
peaked in the late tenth century, which saw the “emer
gence of a new mathematical community, whose mem
bers [were] linked by exchanges of letters, and face to 
face conversations in the numerous salons (majālis), or 
even the courts of Kings, Viziers, and around patrons.” 
Geometry was one of the topics discussed in royal and 
vizierial assemblies in an era characterized by a multi
plicity of courtly and scientific centers, among which 
Baghdad reigned supreme.57 

tenth and eleventhcentury geometers worked com
petitively on conic sections, using parabolas and hyper
bolas to solve challenging theoretical problems, 
including the trisection of the triangle, as well as the 
construction of the regular heptagon and nonagon. in 
so doing they went beyond euclidean rulerandcom
pass methods in solving these problems.58 simpler, ap
plicationoriented versions of such theoretical problems 
found their way into not only abu’lWafaʾ’s practical 
geometry treatise but also the Anonymous Compendium. 
Yet unlike the latter, the Geometrical Constructions does 
not deal with the ornamental patterns that were just 
being developed at that time in, around, and beyond 
Baghdad, when the capital of the abbasid caliphate re
mained under the governance of the Buyid dynasty (ca. 
945–1055). an early example of this distinctive mode of 
geometric ornament can be found in the starandpoly
gon patterns with interlaced strapwork, combining oc
tagonal and sixpointed stellate figures, that appear in 
the frontispiece of a Koran manuscript produced in 
Baghdad in 391 (1000–1001) and signed by the renowned 
calligrapher ibn alBawwab.59 having flourished during 
the Buyid period, this calligrapher probably died in 1022, 
before the emergence in 1055 of the turkic dynasty of 
the Great seljuks (r. 1037–1194) as the new guardians of 
the abbasid caliphs (fig. 8). 

geometrically correct construction, based on proofs, be
cause the artisan wants to divide those squares into 
pieces from which a single square can be assembled.51 
in other words, artisans favored the method of “dividing 
and assembling,” also common among surveyors, which 
has been compared to the “cutandpaste” technique of 
modern computer technology.52

abu’lWafaʾ stated that the aim of his treatise was to 
expose the correct rules of practical geometry because 
some artisans made errors in dividing and assembling 
geometrical figures. While geometers steeped in theory 
lacked practical experience in finding the approximate 
geometrical constructions needed for the work of “arti
sans and surveyors” (al-ṣunnāʿ wa al-māsiḥ), the latter 
were merely concerned with practical aspects and had 
no knowledge of or interest in the linear constructions 
of geometers demonstrated by proofs, which sometimes 
led them to make mistakes. likewise, when artisans and 
surveyors asked skillful geometers about how to divide 
or assemble geometrical figures, the latter were not al
ways successful in finding practical solutions.53 

as mentioned earlier, abu’lWafaʾ  composed the Geo-
metrical Constructions circa 991–92 to 998. it was com
missioned by and dedicated to the Buyid amir Bahaʾ 
aldawla (r. 988–1012) during the tenure of the abbasid 
caliph alQadir (r. 991–1031) in Baghdad. prior to this 
abu’lWafaʾ had written a treatise on applied arithme
tic, which he dedicated to Bahaʾ  aldawla’s father, ʿ adud 
aldawla (r. 949–83). referred to by his protégé, the man 
of letters and philosopher abu hayyan altawhidi, as 
“abu’lWafaʾ al-muhandis,” this geometerastronomer 
was firmly ensconced in the political and intellectual
scientific circles of Buyid Baghdad.54 his treatise on 
arithmetic aimed to rectify errors committed by secre
taries (al-kuttāb), administrators (al-ʿummāl, sing. al-
ʿāmil), surveyors (al-massāḥ), and others. some of the 
applied problems in it concern calculations related to 
surveying, such as those necessary for the measurement 
of domes; the treatise also explains how to prepare cost 
estimates for buildings and dams, and how to compute 
wages for mortaring, bricklaying, and filling a well.55 the 
emphasis on numerical calculation differs from the 
 visual primacy of the diagrammatic drawings in abu’l
Wafaʾ’s Geometrical Constructions, where no such 
admin istrative problems are addressed.  
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 depicts a couple wearing robes with aniconic and fig
ural versions of starandpolygon strapwork designs (fig. 
9). such patterns proliferated in multiple media, includ
ing pottery, textiles, manuscript illumination, wall 
painting, woodwork, metalwork, stonework, carved 
stucco, cut brickwork, and eventually polychrome mo
saic tilework, which emerged in the early thirteenth
century on the eve of the mongol invasions.   

interestingly, a pattern in the Anonymous Compen-
dium has been identified by hogendijk as the rectan
gular repeatunit of a starandpolygon design that 
decorates a tympanum arch in the North dome (1088–
89) of the seljukera friday mosque in isfahan (fig. 10a). 
comprising regular heptagons (which were still rare at 
such an early date), this pattern is complemented by 
others that cover the surfaces of eight shallow tympa
num arches just under the transition zone of the dome, 

While Baghdad continued to be the seat of the caliph
ate, the seljuk sultans based their capital in isfahan. it 
was particularly in territories ruled by the Great seljuks 
and the late abbasid caliphs that ornamental geometry 
rose to unprecedented prominence between the late 
eleventh and early thirteenth centuries. twodimen
sional ornaments were dominated by interlocking star
andpolygon patterns, often combined with ribbonlike 
strapwork that resembles weaving in its “overunder” 
relationship. these were generally accompanied by 
their threedimensional counterparts, particularly 
muqarnas and stellate vaults. Geometric patterns with 
or without interlaced strapwork came to be used alone 
or in combination with calligraphy and other motifs, 
nonfigural (generally vegetal) or figural. for example, a 
painted and gilded enamel (mīnāʾī) ceramic bowl from 
late twelfth to early thirteenthcentury seljuk iran 

fig. 8. doublepage frontispiece with strapwork starandpolygon panels. Koran manuscript, signed by ibn alBawwab in 
Baghdad, 391 (1000–1001). dublin, chester Beatty library, ms. is 1431, fols. 7v–8r. (photo: © the trustees of the chester 
Beatty library, dublin)
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fig. 9. Minaʾi ceramic bowl depicting a couple wearing robes with aniconic and figural versions of strapwork starand
polygon patterns. seljuk iran, late twelfth to early thirteenth century. freer Gallery of art, smithsonian institution, Wash
ington, d.c.: purchase, f.1938.12. (photo: freer Gallery of art)
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which rests on muqarnas squinches. hogendijk has 
shown that replicating the mirror reflection of that re
peatunit yields a composition with interlocking regular 
heptagons, irregular hexagons, and two kinds of six
pointed stellate forms (see figs. 8–10, pp. 152–153).60 the 
corresponding design on the tympanum arch is execut
ed in cut and molded brick, accompanied by carved ter
racotta and painted plaster inlays, which allowed a 
greater precision in the motifs. comparable patterns on 
the remaining tympanum arches fuse sequences of dif
ferent polygons and star polygons, with or without in
terwoven strapwork. their interlocking individual 
motifs are inscribed with geometric patterns on a small
er scale, turning these complex patterns into unusually 
early examples of twolayered compositions (fig. 10b).

one of the arched panels is a variant of the heptago
nal pattern analyzed by hogendijk, this time combining 

fig. 10a. rectangular repeatunit of a geometric construction 
with regular heptagons, irregular hexagons, and two different 
kinds of sixpointed stellate forms. from the Anonymous 
Compendium. paris, Bibliothèque nationale de france, ms. 
persan 169, fol. 192r [37]. (photo: Bibliothèque nationale de 
france)

fig. 10b. drawing of some carved terracotta and painted plaster inlays used in the ornamental patterns of various tympa
num arches. North dome (1088–89) of the friday mosque in isfahan. (drawing: eric schroeder, in pope and ackerman, A 
Survey of persian Art, vol. 2, p. 1290, fig. 468[a–h])
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similar geometric ornaments. the earliest preserved ex
amples of such innovative designs in Baghdad, which 
was sacked by the mongols in 1258, appear in brick 
buildings datable from the late twelfth to the early thir
teenth centuries (see figs. 20a and b). 

the few specimens of geometric strapwork designs 
from fatimid syria and egypt, mostly dating from  
the second half of the twelfth century and limited to 
 portable objects in woodwork (particularly minbars, 
 mih rabs, and cenotaphs) hardly challenge the fact that 
the densest geographical and temporal concentration of 
this ornamental idiom overlapped with the dominions 
of the abbasid caliphate and its vassals during the era 
generally referred to as the “seljuk period,” roughly 
spanning the eleventh to midthirteenth centuries.63 it 

regular heptagons, irregular hexagons, and five and 
 sixpointed stellate forms with interwoven strapwork 
(fig. 11a).61 another fascinating tympanum pattern with
out the strapwork interweave displays five and tenfold 
symmetries, composed as it is of decagonal stars form
ing rosettes, two kinds of pentagons inlaid with pen
tagonal and decagonal stars, kites, and filler units (fig. 
11b and c).62 these arched tympana, surmounted by 
muqarnas squinches, demonstrate the inventiveness of 
two and threedimensional geometric patterning un
der the Great seljuks during the last quarter of the elev
enth century. Given the close links between their 
capital, isfahan, and the seat of the abbasid caliphate, 
Baghdad, it is not unreasonable to assume that monu
ments and decorated artifacts in the latter city boasted 

fig. 11a. arched tympanum with strapwork pattern combining regular heptagons, irregular hexagons, and five and six
pointed stellate forms. North dome (1088–89) of the friday mosque in isfahan. smithsonian institution, freer Gallery of 
art and arthur m. sackler Gallery archives, file 24, 115, a.u. pope, fsa a.6 04.24.115. (photo: freer Gallery of art and arthur 
m. sackler Gallery archives)
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fig. 11b–c. tympanum pattern combining decagonal stars, two kinds of pentagons overlaid with pentagonal and decagonal 
star motifs, and filler units. North dome (1088–89) of the friday mosque in isfahan. photo taken by myron B. smith, dated 
1935. smithsonian institution, freer Gallery of art and arthur m. sackler Gallery archives, file mBh 846. (photo: freer 
Gallery of art and arthur m. sackler Gallery archives)

b

c
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tions, hypothetically assumed to have been transcribed 
in the eleventhtwelfth and the twelfththirteenth cen
turies, are both titled “this is the Book of master (ustād) 
abu’lWafaʾ muhammad b. muhammad alBuzjani, on 
What artisans and artificers (ṣunnāʿ va muḥtarifa) Need 
from Geometrical constructions (aʿmāl-i handasa), and 
they call this the Book of Joinery (Kitāb-i nijārat).”69 
artisans are even more explicitly mentioned in the title 
of a fifteenthcentury arabic copy of this practical ge
ometry treatise. made for the library of the timurid 
ruler ulugh Beg (d. 1449), renowned as a mathemati
cianastronomer and founder of an observatory in sa
marqand, it is called Kitāb Fī mā yaḥtāju ilayhi al-ṣāniʿ 
min aʿmāl al-handasa (Book on the Geometrical con
structions Necessary for the artisan).70   

the longer arabic preface of this luxury manuscript, 
which was dedicated to ulugh Beg around 1447–49, is 
only partly preserved in the other copies. in it abu’l
Wafaʾ explains that he completed this work upon the 
order of his master, the Buyid amir Bahaʾ aldawla, who 
“requested that i substantiate (ithbāt) the notions (al-
maʿānī) that were discussed in the presence of his ex
cellency, concerning the geometrical constructions 
(al-aʿmāl al-handasiyya) most commonly employed by 
artisans (al-ṣunnāʿ), leaving out all the demonstrations 
and proofs (mujarradan min al-ʿilal wa al-barāhīn), in 
order to make these easy for artisans (al-ṣunnāʿ) to use 
and to familiarize them with their method (ṭarīqatahu).”71 
the discussion may well refer to one of the gatherings 
(majālis) attended by the author himself, where arti
sans/surveyors and geometers participated. in my view, 
it is possible that this gathering took place within the 
precincts of the Buyid palace (dār al-Mamlaka) in Bagh
dad, in the presence of abu’lWafaʾ’s royal patron, to 
whom the treatise was dedicated. such an interpreta
tion is indirectly supported by the tenth chapter, where 
the author describes an assembly at which he demons
trated the errors of artisans with proofs that his treatise 
substantiates. Whatever the location of that gathering, 
the preface testifies to the ruler’s role in chanelling 
 scientific knowledge to practical applications, as he 
commissioned the Geometrical Constructions not me
rely for his own edification, but primarily for the use of 
practitioners.72  

although the alternative titles of this treatise point to 
its uses in joinery, its contents address a much wider 

was then that two and threedimensional geometric 
ornament, including the muqarnas, achieved iconic sta
tus through monumentalization and canonization in 
buildings whose fabric conspicuously made “geometry 
manifest,” both externally and internally.64 Geometric 
patterning was most widely adopted in the architec
tural monuments of dynastic polities affiliated with the 
late abbasid caliphate in Baghdad, especially the Great 
seljuks (r. 1037–1194) and their successors in anatolia, 
the Jazira (northern iraq), syria, and egypt: namely, the 
rum seljuks (r. 1077–1307), artuqids (r. 1102–1408), Zan
gids (r. 1127–1251), ayyubids (r. 1169–ca. 1250/60), and 
mamluks (1250–1517). other abbasid vassals further east 
and west were likewise among the earliest dynasties to 
embrace geometric ornament, including the Ghaznavids 
(r. 977–1186) and Ghurids (r. ca. 1000–1215) in Khurasan, 
afghanistan, and Northern india, as well as the al
moravids (r. ca. 1030s–1147) in North africa and spain.65

While this trend coincided with the socalled sunni 
revival, the early associations of starandpolygon pat
terns cannot be conflated with clearcut religious orien
tations, given the multisectarian constituents of the 
polities within which it was adopted. even the capital of 
the abbasid caliphate and its environs abounded in 
shrines commemorating ʿ alid imams and shaykhs, ven
erated by shiʿi and sunni devotees alike.66 eventually 
shedding whatever its original associations may have 
been, this mode of ornament was integrated into vari
ous traditions of local knowledge as it spread further 
through specific “actornetworks” combining human 
and nonhuman agents: patrons, artisans, architects, 
portable objects, practical geometry manuals, technical 
drawings, and technologies in multiple media, including 
woodwork.67

Variants of Abu’l-Wafaʾ’s practical geometry treatise: Its 
contents and audiences

in this connection, it is noteworthy that one of the alter
native titles found in extant manuscripts of abu’l
Wafaʾ’s Geometrical Constructions explicitly refers to 
woodwork (joinery). the title of the earliest surviving 
arabic copy, in cairo, dated circa 600 (1203), is Kitāb 
al-nijāra fī ʿamal al-masṭara wa al-birkār wa al-kūnyā 
(the Book of Joinery on construction with ruler, com
pass, and set square).68 two undated persian transla
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commentary in its margins, which provides the missing 
proofs for its geometrical constructions, as does that of 
ibn Yunus, and both learned commentators frequently 
cite euclid’s Elements. the much later persian commen
tary by muhammad Baqir Yazdi, dated 1031 (1621), also 
adds proofs and contextualizes problems within the tra
dition of euclid’s Elements, in response to the request of 
an unnamed companion.76

ibn Yunus’s commentary differs in three respects 
from abu’lWafaʾ’s practiceoriented treatise, whose in
tended purpose is thereby distorted. first, he provides 
demonstrations by proofs unlike abu’lWafaʾ, who de
liberately omits them, heeding his Buyid patron’s wish 
to make the treatise useful for practitioners. secondly, 
ibn Yunus employs conic sections to solve problems 
such as trisecting an angle or constructing a regular hep
tagon, and criticizes his predecessor for not having 
 given exact solutions based on conics. thirdly, ibn Yu
nus refers to the applied uses of geometry in woodwork, 
with which he was apparently familiar, but entirely ig
nores the practical needs of artisans.77 

abu’lWafaʾ’s Geometrical Constructions begins by 
introducing three basic drafting tools—the ruler, com
pass, and set square—along with some preliminary pro
cedures of constructive geometry. it then moves on to 
the construction of regular polygons, often with a fixed 
compass opening to reduce errors, showing polygons 
inscribed in and circumscribed by a circle. these op
erations are followed by more difficult ones, such as in
scribing polygons in one another, dividing triangles and 
quadrangles, assembling a square from smaller squares, 
and dividing a square into smaller squares. the work 
continued with two chapters (now lost), one on divid
ing irregular quadrangles, the other on tangent circles, 
ending with a discussion of the division of spheres 
by polygons (polyhedrons). the treatise displays the 
 author’s familiarity with theoretical geometry and 
practical applications, as well as his ingenuity in teach
ing construction techniques in a simplified manner. 
the pedagogical intention behind it is clearly declared, 
though without specifying or even limiting its intended 
audiences: “We shall present these methods so that the 
correct ones may be distinguished from the false ones, 
and someone who looks into this subject will not make 
a mistake by accepting a false method, God willing.”78 

array of topics, such as land surveying, the equal division 
among inheritors of estates through which a road pass
es, construction, brickcutting, and burning mirrors re
fracting light. perhaps the meaning of “carpentry” 
(al-nijāra) in those titles encompassed a broader seman
tic range, as captured in a passage by the maghribi poly
math ibn Khaldun (d. 1406), whose use of the term 
evoked a tradition that assigned the epithet of “carpen
ter” (al-najjār) to famous geometers of the alexandrian 
school, a tradition that possibly reflected thencurrent 
islamic artisanal practices:

in view of its origin, carpentry needs a good deal of geom
etry of all kinds. it requires either a general or specialized 
knowledge of proportion and measurement, in order to 
bring the forms [of things] from potentiality into actuality 
in the proper manner, and for the knowledge of proportions 
one must have recourse to the geometrician. therefore the 
leading Greek geometricians were all master carpenters. 
euclid, the author of the Book of the principles on geometry, 
was a carpenter and was known as such. the same was the 
case with apollonius, the author of the book on Conic Sec-
tions, and menelaus, and others.73 

there is not much information about the reception of 
abu’lWafaʾ ’s practical geometry treatise, but its five sur
viving arabic copies and three versions in persian, 
seemingly resulting from at least two different transla
tions, attest to its circulation.74 the humbleness of some 
of these manuscripts suggests that they had an audience 
beyond elite circles. the eight known copies are com
plemented by two arabic commentaries and one in per
sian. the first arabic commentary was by Kamal aldin 
ibn Yunus mawsili (ca. 1156–1242), an internationally 
renowned iraqi jurist and professor of mathematics 
based in mosul, a city that had considerable scholarly 
exchanges with Baghdad, where he himself studied. 
titled Sharḥ al-Aʿmāl al-handasiyya li-Abī al-Wafāʾ 
(commentary on the Geometrical Constructions by 
abu’lWafaʾ), it is dedicated to the founder of the ayyu
bid dynasty in syriaegypt, salah aldin Yusuf b. ayyub 
(saladin, r. 1174–93). the dedicatee’s family had served 
the Zangid rulers of mosul, who in turn were governors 
(atabeg) of the Great seljuks.75 the commentator, ibn 
Yunus, states that he had encountered no other work 
like abu’lWafaʾ’s Geometrical Constructions, thus 
 affirming its rarity. the fifteenthcentury deluxe copy 
belonging to ulugh Beg incorporates another arabic 
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convey information is its crux, with or without the 
crutch of accompanying texts.

While we do not know as much as we would like 
about the dynamics of the relationship between theo
rists and practitioners, abu’lWafaʾ’s Geometrical Con-
structions does mention “gatherings” (majālis) he 
attended, in one of which the two groups interacted and 
had to reckon with one another’s different methods. 
such interactions, also insinuated in the brief texts of 
the Anonymous Compendium, surely left their imprint 
on the thoughts and actions of both groups, neither of 
which could have remained completely insusceptible to 
“influence.” however, some scholars prefer to dismiss 
the enterprise of abu’lWafaʾ’s treatise as a mere “aca
demic” exercise.82 Why then, one might ask, did he go 
to the trouble of writing a whole manual on practical 
geometry methods, instead of a presumably more pres
tigious theoretical geometry treatise accompanied by 
learned proofs, which would have garnered him more 
accolades? the treatise clearly responds to objections 
made by practitioners to purely theoretical solutions 
and attempts to convey to at least clever and receptive 
artisans/surveyors the difference between exact and ap
proximate solutions in a simplified manner. abu’lWafaʾ  
accomplishes this by using the demonstrations of visu
ally graspable diagrams as a form of proof and a cogni
tive resource. 

the author took it for granted that artisans and sur
veyors derived the geometrical notions on which they 
based their work from geometers, without being 
 concerned about proofs justifying correctness; they con
sequently sometimes committed errors.83 at the gather
ing he described, geometers are shown responding to 
problems posed by artisans, who already possessed 
wellestablished constructive geometry methods of 
their own, with which he was apparently quite famil
iar.84 this implies a reciprocal relationship, in which the 
agency and preferred design methods of practitioners 
did not necessarily play a subordinate role to that of the 
geometers from whom they sought advice. it was the 
ultimate kinship and convergence of partly shared 
methodologies of geometrical construction that brought 
artisans/surveyors and  geometers together in the first 
place, thus initiating a relationship between art and 
 science. their mutual interactions, in turn, went beyond 

it may, of course, be argued that abu’lWafaʾ’s (and his 
royal patron’s) wellintentioned objective of accom
modating the needs of artisans and surveyors, whose 
errors he severe ly criticized, does not necessarily mean 
that practitioners actually made use of his Geometrical 
Constructions.79 this argument was advanced by George 
saliba in a critical review of my book on the Topkapı  
Scroll:

[o]ne cannot fail to note that the overall concern of Buzjani 
was to demonstrate the error of artisans, and he makes ev
ery attempt to set them right. in that sense such books 
could be read as instructions for artisans. But that claim 
has to be documented by evidence that artisans did indeed 
consult those books and that they followed the instructions 
in them. similarities of drawings or discussions of subject 
matter that has a similarity to the drawings found in anon
ymous manuscripts and scrolls is not enough to “contextu
alize” the relationship between the theorists and artisans. 
and no quantity of pictures from manuscripts in juxtaposi
tion to pictures from scrolls or the like will make that point 
any clearer.80 

the transmission of knowledge rarely leaves a paper 
trail. it is therefore difficult to document and contextu
alize the relationship between theory and practice be
yond concrete correspondences in design methods. 
arabic and persian written sources generally provide 
scarce information on artisanalarchitectural working 
methods, which were mostly transmitted orally and vi
sually, by means of geometric drawings on paper or tem
plates in other materials. categorically dismissing the 
visual evidence, as saliba does, therefore misses the 
point. technical drawings can sometimes shed more 
light than textual commentaries on exchanges between 
theoretical geometry and the ingenious working meth
ods of practitioners. as i have shown in my book, the 
similarities between recurring types of practical design 
methodologies that are visually recorded in abu’l
Wafaʾ’s Geometrical Constructions, in the Anonymous 
Compendium, and in subsequently compiled textless 
scrolls document a genealogical trajectory. these suc
cessive primary sources constitute a rare paper trail, 
exposing the prevalence of a tradition of constructive 
geometry that certainly differs from “academic geome
try.”81 this is the geometry of practitioners, in which 
diagrams are just as informative as, if not more so than, 
texts. the power of diagrammatic drawings to visually 
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one another, dividing triangles, and dividing quadran
gles so that their parts have a given proportional rela
tionship to one another. in the tenth chapter, on the 
“division of quadrangles (i.e., squares) and their assem
blage” (qismat al-murabbaʿāt wa taʾlīfahā), he addresses 
especially demanding geometrical constructions that 
required some knowledge of even and odd numbers, as 
well as square roots (fig. 7). abu’lWafaʾ states that he 
has explained those constructions in a sufficiently suit
able way for someone who possesses a little intelligence 
and subtlety in the field of geometry. most challenging 
was the division of a square into a certain number of 
squares, and constructing a square equal to a given 
number of squares, the number of which is the sum of 
two unequal “square numbers” (square roots). one such 
problem involves constructing a square brick from ten 
bricks (khisht), the solution for which is based on the 
number ten comprising two square numbers, nine and 
one.87 

studies have shown that in this chapter abu’lWafaʾ 
was innovative in his application of number theory to 
geometry in order to establish basic “scientific princi
ples” (qānūn ʿilmī) intended to make their application 
easier than cumbersome trialanderror methods.88 he 
explains that there are two kinds of numbers: square 
numbers (i.e., 4 or 36), for which square roots exist 
(here, 2 and 6, respectively), and nonsquare numbers. 
the latter consist of two categories: first, numbers that 
are the sum of two square numbers (such as 13, com
bining 9 and 4; or 41, combining 16 and 25); and second, 
prime numbers not constituted by two square numbers 
(such as 7 or 11).89 the latter are more difficult cases, for 
which abu’lWafaʾ  promises to provide very simple con
struction methods. 

correspondences between the Geometrical Construc-
tions and abu Bakr’s constructions in the paris codex 
suggest that he may have been familiar with his prede
cessor’s treatise (figs. 4, 6, and 7). Whether this was the 
case or not, the constructions of both authors inven
tively fuse geometry and numbers in surprisingly un
complicated ways. We have, for instance, encountered 
square numbers in the surveying treatise comprising 
abu Bakr’s constructions as well, where the division of 
quadrangles and their relationship with “similar” 

a oneway transmission of knowledge. abu’lWafaʾ al-
muhandis writes about several artisanal construction 
methods that bear witness to his talent in bridging the
ory with practice. he theorizes with visual proofs the 
correctness or inaccuracy of practical solutions discov
ered by artisans, with whom he communicates by means 
of their own intuitional constructive logic. through this 
translation effort, his treatise synthesizes theoretical 
and practical geometry in a way that incorporates trac
es of artisanal invention, thereby opening a space in 
between for future mediations and translations. 

for instance, the Geometrical Constructions includes 
descriptions of tools used in surveying and building 
crafts, such as the plummet (shāqūl) and set square 
(arabic kūnyā, persian gūnyā), which were needed for 
correcting the corners of buildings. the author’s discus
sion of how to verify the straightness of a ruler and the 
precision of a set square provides both geometrically 
correct and approximate artisanal methods.85 abu’l
Wafaʾ’s chapter on regular polygons inscribed within a 
circle specifically alludes to skilled and clever artisans 
who use multiples of thirty for approximating the sides 
of polygons. he explains that artisans prefer dividing the 
circumference of a circle with a fixed compass opening 
to approximate by trial and error, with much difficulty, 
the arcs of as many line segments as desirable, unlike 
geometers, who favor constructions based on the cen
tral angles of polygons inscribed in a circle. Both meth
ods, based on lines and angles respectively, are employed 
in the geometrical constructions of the Anonymous 
Compendium. Given the purpose of his treatise, as com
manded by his royal patron, abu’lWafaʾ expresses an 
obligation to provide correct methods for the “artisanal 
technique” (ṭarīq ṣināʿī) of dividing circles into arcs, the 
ideal being an accurate as well as a practical solution. it 
has been noted that the treatise includes noneuclidean 
methods for the construction of a regular pentagon, the 
trisection of an angle and an arc, and close approxima
tions for drawing a regular heptagon and a nonagon in 
a circle.86 

for problems dealt with in subsequent chapters that 
artisans and surveyors found particularly difficult, 
abu’lWafaʾ tends to give several alternative construc
tion methods. these involve inscribing polygons within 
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portions are then derived by using the module of measure
ment set or specified at the starting point of the design 
process and which ensures that the proportions relate geo
metrically to one another. this leads to the strong propor
tional characteristics of the small geometric interlocking 
shapes that in turn make islamic geometric design a mod
ular art.92  

in fact, the textual commentaries emphasize ratios and 
proportionality more than the related concepts of sym
metry and tessellation, which have preoccupied most 
modern studies on islamic geometric ornament. unlike 
theoretical geometry treatises, the Anonymous Compen-
dium cites only one theorem without proof, focusing 
instead on operations to be performed in order to reach 
a desired goal. the drawing techniques are based on the 
logic of iteration, a sequence of steps generated by a 
given common ratio/proportion. this involves a dynam
ic process in which each figure emerges from an unfold
ing of forms based on geometrical procedures that knit 
them together. differing from standard geometry manu
als, the Anonymous Compendium visually articulates the 
beginning of the construction process by means of red 
or dotted construction lines that are densely concen
trated at one section of a repeatunit (usually a corner 
or side, but a few times in the middle). in some patterns 
the important points are boldly marked, an unusual 
convention also seen in several drawings of the two trea
tises in the paris codex associated with abu Bakr and  
in the persian translation of abu’l Wafaʾ’s Geometrical 
 Constructions (fig. 2a). 

the first page of the Anonymous Compendium, which 
lacks a preamble, features a “dividing and assembling” 
construction that explores the proportional relation
ship between two convex decagons and a pentagonal 
star (a nonconvex decagon) (fig. 1). the textual com
mentary on it recalls that of a previously unnoted prob
lem in the treatise “on the division of triangles,” 
concerning the proportional relationship (rapport) of 
an equilateral triangle and octagonal star with equal 
 areas (fig. 2a):

When a rightangled octagon[al star] (musamman-i 
qāʾimuʾz-zavāyāʾ) is constructed and another equilateral 
triangle is constructed, such that the altitude of that  triangle 
equals the outer diameter (quṭr-i khārij) of the assumed 
octagon[al star], the area of that triangle equals the area of 
the octagon[al star], as in this example (misāl). 

(shabīh, i.e., mutashābiha) rightangled triangles plays 
an important role, along with complementary or “har
monious numbers” (aʿdād-i wafq; arabic sing.ʿadad al-
mutawāfiqa) (fig. 3).90 remarkably, the paris codex 
includes the extract of a treatise in persian, without title 
or author, on pairs of numbers that are composite or 
prime with respect to each other, or in which one num
ber evenly divides into the other (tadākhul).91 the terms 
tadākhul, mutashābiha, and mutawāfiqa strikingly reso
nate with the arabic heading of the Anonymous Com-
pendium: Fī tadākhul al-ashkāl al-mutashābiha aw 
al-mutawāfiqa (on similar and complementary inter
locking figures). as implied by its heading, this docu
ment illustrates the division and assembling of figures, 
inscribed in and/or interlocking with one another, 
whose harmonious proportions are based on geometri
cally expressed numerical ratios.

the coNstructioNs aNd commeNtaries of 
the AnOnyMOuS COMpEndIuM 

Overview of contents and preliminary construction 
problems

lacking theoretical proofs, the geometrical construc
tions of the Anonymous Compendium are accompanied 
instead by brief textual commentaries that explain how 
to draw a figure or composite figures using drafting tools 
and basic procedures with which prior familiarity is as
sumed. the only exceptions are advanced professional 
devices, such as set squares and the tsquare, the con
struction methods for which are verbally described and 
visually illustrated. special attention is given to con
structing difficult polygons (the pentagon, decagon, 
heptagon, and nonagon) and their stars, approxima
tions of conic sections, and ratios/proportions. as chor
bachi has perceptively observed in her stepbystep 
reconstruction of the drawing procedures of ten select
ed patterns from the Anonymous Compendium, their 
properties were guided by particular ratios/proportions: 

Nearly each of these examples of geometric design exempli
fies a different and specific construction procedure to mark 
the unique or critical points required to establish the 
 geometric subdivisions defining the geometric figures that 
interlock to tessellate space…all the major and minor pro
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 creation and cognition of ornamental patterns. a no
table example is the second construction, which was 
judged to be “extremely elegant” (bi-ghāyat laṭīf ast) (fol. 
180v [2]). this too is an exercise in “dividing and assem
bling,” here involving a large square inscribed with two 
parallel squares and a fourth, rotated square with ex
tended sides at the center that contains yet another ro
tated square. the geometrical construction with nested 
squares is based on an operation of “quadrature,” or ro
tated squares, whose dynamic geometry played a con
spicuous role in Gothic architectural practice. studies 
have shown that the rotated square and equilateral tri
angle, as well as their derivatives such as the octagon, 
governed the proportions of many extant architectural 
drawings of Gothic towers and façades, “even when the 
structure in question has no obvious triangular, square, 
or octagonal form.”94  

the second construction of the Anonymous Compen-
dium is divided by triangulation methods into similar 
and complementary figures, mostly triangles, kites, 
rhombuses, and trapezia. from the pieces of the large 
outer square “one tetragonal [square] star, one octago
nal star, one nonagonal star, and one decagonal star can 
be obtained.” once again, the stars are named after their 
polygons. alternatively, “if one wants,” two squares, two 
octagons, two nonagons, and two decagons can also be 
composed (pls. 2.1–7). the geometric exercise demon
strates the proportional interrelatedness of the poly
gons, the stars associated with them, and the fragments 
obtained by subdividing the polygons and star polygons; 
this is what makes these figures fit together in an inter
locking pattern. it also introduces the “fourlegged” ro
tated square, surrounded by rotating kites, at its very 
center. as we have already seen, that scheme plays a 
significant role in the subsequent constructions of the 
Anonymous Compendium—both as a dynamic propor
tioning device with fourfold rotational symmetry, and 
as an ornamental motif (see figs. 12 and 17). those con
structions include the one whose proportions were ex
amined by abu Bakr. similarly composed of parallel 
squares containing a central, rotated, “fourlegged” 
square, that design had decorative potential (fig. 6). 
hence, the “dividing and assembling” constructions of 
the Anonymous Compendium cannot be easily dismissed 
as unrelated to islamic ornamental patterns. this group 

the text of that treatise goes on to explain the measure
ment (misāḥa) of these two figures and the relative pro
portions of their diagonals. its reference to the “outer” 
and “inner” diameters of the star (i.e., of the concentric 
circles defining the outer and inner vertices of the star) 
echoes the commentary that accompanies the Anony-
mous Compendium’s first construction. here too the star 
is named after the polygon corresponding to it and thus 
referred to as a “pentagonal star” (khātim-i mukhammas, 
lit. pentagonal seal). however, the primary concern of 
the latter construction is to demonstrate visually, by 
means of a graphic representation in two steps, the way 
in which similar and complementary figures with equal 
areas are assembled so as to interlock with one another 
(fig. 1). 

the top of that page in the Anonymous Compendium 
depicts two identical regular decagons and a pentagonal 
star, all sharing equal sides and angles, thereby ensuring 
the complementarity of both their linear dimensions 
and areas. the objective here is to divide the two con
gruent decagons so as to assemble their parts in a larger 
decagon that contains the pentagonal star at its center. 
first, each of the identical decagons is divided by an in
verted Yshape (composed of three radii) into three 
pieces consisting of a kite and two double kites. the sec
ond step is to assemble the large decagon at the bottom 
of the page by fitting together pieces of the two deca
gons along the edges and vertices of the central pen
tagonal star (pls. 1.1–5). this construction involves 
figures based on angles of the pentagon and decagon, 
whose similarities to penrose tilings (discovered in the 
1970s) were noted by chorbachi and loeb. however, as 
they observed, the textual commentary “does not ex
plicitly deal with the matter of nonperiodicity.” While 
the relative proportions of the radii and sides of the 
polygons are provided, “the step by step construction 
instructions are not given; neither is the theoretical sig
nificance of the given proportions.”93  

the construction procedure and unarticulated orna
mental potential of these interlocking figures were pre
sumably familiar to the author(s) as part of an oral and 
visual tradition of constructive geometry (pls. 1.6–7). 
the concise technical language of the Anonymous 
 Compendium only occasionally hints at the aesthetic 
criteria that must surely have played a part in the 
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modern parlance, tessellations or tiles) so that they in
terlock in a single pattern. the term ʿaqd (lit. knot), 
translatable as pattern or repeatunit, more often ap
pears in the instruc tions for ornamental designs, or pre
liminary  procedures related to their construction. these 
mostly square and rectangular repeatunits comprise 
diverse polygons, which, together with their stars and 
fragments, fit together without any gaps and overlaps, 
like the pieces of a jigsaw puzzle. While in most cases 
the lengthtowidth ratio of a repeatunit is given, in 
some constructions only one side is assumed and the 
other sides of the “compartment of the repeatunit” 
(khāna, or khāna-i ʿaqd) are geometrically determined 
in the construction process (fols. 190r [34], and 195v 
[54]).

toward the end of the Anonymous Compendium 
there are fewer commentaries. some drawings have 
brief texts that only provide the required ratios/propor
tions, while others have none, presumably because the 
relevant methods have already been covered. one such 
example is the square repeatunit of an orthogonal or
namental pattern with fourfold symmetry whose 
 textual commentary does not fully explicate the final 
pattern generated by it, probably because that proce
dure was obvious (see fig. 15a [top]). the repeatunit is 
composed of a central crossaxis with eight arms and 
four squares, one at each corner, that are further subdi
vided, their outer corners coinciding with the centers of 
four quarteroctagonal stars. according to the accom
panying text, when the required proportion is achieved, 
all the horizontal, vertical, and diagonal arms of the lat
ticework have the same width. the final pattern is ob
scured due to the addition of red construction lines, 
which visually demonstrate the underlying proportions, 
but must be erased when the repeatunit is replicated. 
the fully drawn out pattern is composed of two types of 
interlaced octagons, regular and elongated, combined 
with regular octagonal stars. Judging by the textual com
mentary, which refers to the “most correct proportions” 
(aṣaḥḥ-i nisbathā) of this repeatunit, chorbachi pro
posed that a previously established pattern had proba
bly “caused problems, raising the issue of the correctness 
of the proportions.” indeed, early examples of this de
sign appear in mideleventh to early twelfthcentury 
brick monuments in Khurasan, and subsequently in the 

of constructions is related to procedures such as divid
ing figures in proportion and assembling interlocking 
shapes, which govern the geometrical principles of dec
orative starandpolygon patterns.95  

several “dividing and assembling” constructions con
centrated at the very beginning of this source explore 
the rapport of polygons with equivalent areas, such as 
the equilateral triangle and hexagonal star, as well as the 
square and rectangle. these constructions are mixed 
with others, demonstrating the relationship between 
the circle and its arcs, and the division of triangles and 
a hexagon by triangulation methods (fols. 181r–183r). 
textless versions of “dividing and assembling” problems 
appear later, on two pages. the first pair, depicting 
squares and octagons of equal area, was seemingly in
serted as an afterthought in the spaces left empty on 
each side of the main construction involving a pentagon 
(fol. 186(bis)r). the second set, on the penultimate page 
of the document, was possibly added by the fifteenth
century copyist (fol. 197r). 

the next section, bearing the heading “preliminary” 
(muqaddima), begins on fol. 183v [12] with the only the
orem cited in the Anonymous Compendium: “for every 
triangle inscribed in a circle, the ratio (nisbat) of the 
angles of that triangle to each other is equal to the ratio 
of [the opposite] arcs of the chords of the angles.” this 
section examines the proportional relationship be
tween the angles of triangles inscribed in a circle to the 
arcs of chords subtended by those angles (fols. 183v–
190r). some of the problems focus on constructing right
angled triangles and kites with special ratios/
proportions, and on construction methods for the pen
tagon and pentagonal star. 

problems examining the construction of ornamental 
patterns

constituting more than half of the sixtyone construc
tions in the Anonymous Compendium, the problems 
considered thus far culminate in ornamental patterns 
that emerge only when their abbreviated repeatunits 
are replicated by symmetry operations (e.g., mirrorre
flection, glidereflection, translation, or rotation) (fols. 
190v–196v). the instructions that accompany them 
 address the problem of how to assemble figures (in 
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functions here as a constructional design tool with 
which to draw and transform figures, while at the same 
time maintaining their inbuilt proportionality.  

Repeat-units, ratios/proportions, and drafting tools 

as we have seen, many problems in the Anonymous 
Compendium concern preliminary constructions and 
proportional relationships, which elucidate underlying 
principles and processes rather than the finished prod
uct. one of the texts, for instance, offers the option of 
inserting an additional tetragonal star (khātim-i chahār) 
into an already described pattern (fol. 190v [35]). com
bining a heptagonal star with hexagonal and octagonal 
stars, its repeatunit does not yield an attractive orna
mental composition because it was not meant to be a 
fully worked out design, but rather an exercise exploring 
methods for connecting stars with different geometries 
(pls. 35.1–3).98 similar to the pentagonal star with which 
the Anonymous Compendium begins, its tetragonal 
counterpart and other stars constitute knotcenters or 
nodalpoints (khātim, lit. seal) in patterns with multiple 
rotational symmetries. the stars bind together compos
ite figures that tessellate the plane. this might partly 
explain the search for close approximations of exact so
lutions, which could allow greater flexibility in fusing 
different types of polygons and star polygons. 

the texts accompanying starandpolygon composi
tions often explain the “ratio/proportion of this repeat
unit” (nisbat-i īn ʿaqd), or “the procedure for drawing 
this repeatunit” (ṭarīq-i kashīdan-i īn ʿaqd).99 many 
problems concerning the construction of ornamental 
patterns are thus modeled as repeatunits, made up of 
vertices and nodes, and the lines (edges) that connect 
them. in some texts, “fitting” composite figures into the 
quadrangular frames of repeatunits emerges as a major 
concern. for example, “if line Kt perpendicular [to hV] 
is made equal to side Zh, then it will fit [the repeat
unit]” (fol. 195r [49]); or “if magnitude m´c´ is made 
equal to half of GK´, then a reliable (maʾmūn) repeat
unit comes out. if it is not a maʾmūn repeatunit, mag
nitude m´c´ is less than half of GK´” (fol. 193v [44]). in 
another example, the addressee is instructed to check 
whether “point e” falls on the midpoint of the assumed 
square frame of the repeatunit (see fig. 17): “if it is on 
the midpoint of the square, then this is the required pro

stone mihrabs and portals of late twelfth to thirteenth
century monuments in anatolia.96 

this also seems to have been the rationale for some 
other repeatunits, such as two variants combining de
cagonal and dodecagonal stars. one of these is an 
incom plete pattern, with emendations to an unsatisfac
tory composition indicated in dotted lines (see fig. 14; 
pls. 54.1–2). as Özdural has shown, the other pattern 
provides a perfect solution for that problem by substi
tuting the imperfect central pentagonal stars with ar
rowshaped motifs (see figs. 15a and b; pls. 56.1–2). he 
hypothesizes that the last three pages of the Anonymous 
Compendium were added by the fifteenthcentury copy
ist,  presumably Kubanani Yazdi. the final construction 
is a  fullpage repeatunit for an ornamental pattern that 
com bines rotating swastikas with pentagonal and de
cagonal stars. it features five and tenfold rotational 
symmetries, which were explored on the first page of the 
Anonymous Compendium (see fig. 21a, pl. 61.2). the swas
tika pattern strongly resembles a fifteenthcentury mo
saic tile panel at the friday mosque in Yazd and may 
have been added in the timuridturkmen period, as has 
been proposed in several studies. Yet versions of the 
same pattern, combining swastikas with octagonal stars, 
appear in seljuk anatolia at the sırçalı medrese (1243) 
in Konya, and at the Gök medrese (1271) in sivas, just 
around the time of the mongolilkhanid invasion. an
other example, with octagonal stars, was used much 
earlier in seljuk iran, at one of the twin tomb towers in 
Kharraqan (1067–68).97 

the last construction in the Anonymous Compendi-
um, then, is not necessarily out of character with the 
other ornamental patterns included in it. despite their 
somewhat haphazard sequence, the contents of this 
source obey a relatively coherent organizational logic. 
the application of constructive geometry methods to 
the repeatunits of ornamental patterns, primarily in the 
second half of the Anonymous Compendium, is often 
direct ed at solving difficult problems rather than at cre
ating facile versions of a bythen common design reper
toire. as such, this primary source comes closer to a 
technical manual than to a catalogue of decorative com
positions, as in a design scroll or pattern book. or
namental geometry is presented in it as a technology to 
be mastered, an art of construction with its own 
 mathematical rules and procedures. Geometry thus 
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[15], 194r [46, 47]). Based on their similarity to the plan 
of the ilkhanid muqarnas quarter vault incised on a 
plaster slab discovered at the takhti sulayman  palace, 
mentioned in the quotation above, and to extant ex
amples in monuments from the same period, he inter
preted the numerals (1 to 3, and 1 to 4) written on these 
geometrical constructions as a numbering system in
dicating the corbelling order of muqarnas tiers (pls. 15, 
46, and 47). Özdural identified these patterns on paper 
as examples of an archaic, nonradial type of early mu-
qarnas and concluded that they are the oldest surviving 
examples (ca. 1300) after the takhti sulayman plate (ca. 
1270). to those drawings one can add an even earlier 
comparable muqarnas vault pattern that was incised 
on a stone slab on the façade of an armenian monastery 
twenty to twentyfive years before the takhti sulayman 
 example.101  

the inclusion of muqarnas projections in the Anony-
mous Compendium brings its contents closer to the orbit 
of architectural practice. although the term ʿaqd is not 
consistently used throughout this source, it does appear 
in the text that accompanies the previously mentioned 
design decorating a tympanum arch in the North dome 
in isfahan: we learn from it the “procedure for construct
ing the ratio/proportion of this repeatunit” (ṭarīq-i 
ʿamal-i nisbat-i īn ʿaqd) (fig. 10a). interestingly, the text 
of that construction starts on the previous page, which 
depicts a tsquare (gūnyā misṭar) used for rare propor
tions and angles that could not be drawn with a ruler 
and compass (fols. 191v–192r [36 and 37]). i therefore 
find it plausible to propose that the heptagonal North 
dome pattern, based on “threesevenths of a right angle 
(angle BaG),” was drawn in this repeatunit by means of 
a tsquare (rather than a set square, as postulated by 
Özdural: see pl. 37.1). this is all the more likely because 
the repeatunit lacks incised construction lines and the 
text omits any mention of a “line [number] seven,” cor
responding to the angle measurement of a heptagon, 
which is referred to in the commentary of another 
hepta gonal pattern discussed below (fol. 194v [48], see 
fig. 17).

hogendijk’s mathematical analysis of the North 
dome pattern shows that each of its two types of six
pointed stellate forms is framed by a hexagon drawn in 
red ink. dotted lines in black ink visually articulate the 

portion, but if it is not on the midpoint of the square,” 
then additional operations need to be performed “in 
order to find the center of the heptagon, which is re
quired, on the side of the square” (fol. 194v [48]). in yet 
another case, the addressee is urged to check whether a 
certain dimension is “greater or lesser” than the required 
one, and if so, to modify it by “addition” or “subtraction” 
(fol. 184r [13]). elsewhere it is stated that if a particular 
intersection “does not happen, the construction is er
roneous” (fol. 186bis(v) [23]).

i pointed out in my book on the Topkapı Scroll that 
three constructions in the Anonymous Compendium 
“composed of squares and rhombuses do recall orthogo
nal muqarnas vault projections, such as the one repre
sented on the thirteenthcentury takhti sulayman 
tablet,” discovered at the site of an ilkhanid palace  
(ca. 1270). i interpreted those textless constructions as 
protomuqarnas patterns that testify to the intimate 
link between tessellations in planar and spatial geom
etry (see fig. 23 [middle and bottom]): 

these twodimensional patterns suggest that the mu - 
qarnas must have evolved from a similar kind of geo 
metry, involving the proportional division of space into 
closely packed compartments without leaving any gaps….
the regular division of space into similar and congruent 
threedimensional cells, or space tilings, was a natural 
ex tension of experiments with plane tilings. Just as the 
simplest orthogonal muqarnas compositions exhibit an 
affinity to twodimensional surface patterns generated by 
rectilinear grids …, the far more complex radial muqarnas 
projections of the topkapı and tashkent scrolls can be read 
as spatial interpretations of twodimensional patterns with 
interlocking stars and polygons. extending the idea of fill
ing a plane with congruent stars and polygons into three 
dimensions must have been a natural outcome of exercises 
in practical geometry and mensuration manuals, which 
proceed from constructions in the plane to constructions 
in space….this affinity explains why muqarnas projections 
(threedimensional spacefilling patterns) are always juxta
posed with geometric interlaces (twodimensional surface
filling patterns) in islamic scrolls that brought experiments 
initiated by early medieval designers to their logical con
clusion with congruent tilings, both planar and spatial. 100 
(see fig. 24a–b.) 

Özdural went one step further, reasonably proposing 
that those three patterns in the Anonymous Compen-
dium are, in fact, designs for muqarnas vaults (fol. 184v 
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stars lined up along each edge of the square repeatunit 
coincide with the dotted lines of the “fourlegged” 
square, and their angles are referred to as “lines [num
ber] seven.” in the same repeatunit, the heptagonal 
stars are framed by halfhexagons drawn in red ink, 
thereby combining the dotted “fourlegged” square 
scheme with a hexagonal generative grid. other con
struction lines in red ink, which pass through the verti
ces of four interlocking doublepentagons at the center, 
define a rotated square subdivided into four squares. 
Because one vertex (point) of each of the four heptago
nal stars protrudes beyond the square frame, those ver
tices overlap in the final composition created by 
replicating the repeatunit (pl. 48.3). however, stars 
such as these with overlapping points were not uncom
mon, as can be seen in the repeatunit of another deco
rative pattern in the Topkapı Scroll (see fig. 19a). 

to summarize, ornamental repeatunits in the Anon-
ymous Compendium have only uninked incised con
struction lines, with the exception of these two 
heptagonal patterns, which feature inked polygonal 
grids. as we have seen, this source sometimes offers 
 several possible solutions to a given problem. one such 
example refers to two kinds of procedures for establish
ing the desired proportion of a pattern, “rectilinear” 
(khaṭṭī) and “circular” (dawrī), based on the triangle and 
circle, respectively (fol. 188r [28]). Both proportioning 
strategies were described in abu’lWafaʾ’s Geometrical 
Constructions, which recommended that artisans draw 
polygons by the simple method of inscribing them in a 
circle subdivided into equal arcs corresponding to their 
central angles. for the second method, involving the 
proportional division of straight lines, he offered tech
niques similar to those elucidated in euclid’s On divi-
sions of Figures, as well as in On Cutting Lines in Ratio 
and Cutting Surfaces in Ratio, both by apollonius of 
perga. these works had been translated into arabic and 
were already available in tenthcentury Baghdad. it is 
interesting to note that the paris codex includes an 
arabic excerpt of theorems without proofs from Book ii 
of euclid’s Elements; these concern the division of a 
straight line into proportional segments, whose rela
tionships will hold between rectangles and squares 
formed from that line and its segments.103 

steps to be taken in the drawing process, which starts at 
the upper right corner of the repeatunit. replicating its 
mirror reflection yields an underlying generative grid of 
contiguous hexagons outlined in red ink (fig. 10a, pls. 
37.1–3). the repeatunit itself is bisected into two con
gruent trapezia by an oblique line in red ink, constitut
ing an axis of dynamic symmetry. each trapezium, in 
turn, is divided into three quadrangles, which define the 
sides of the generative hexagonal grid. lines joining the 
midpoints of the hexagons created the final pattern seen 
at the North dome, from which the construction lines 
were omitted. the textual commentary focuses on alter
native methods for finding the midpoints of the two 
regular halfheptagons that are lined up along the upper 
and lower edges of the repeatunit and coincide with the 
endpoints of the oblique symmetry axis drawn in red 
ink. according to hogendijk, since the brief written in
structions accompanying the pattern do not sufficiently 
explicate its design and application method, the Anony-
mous Compendium must have been part of an oral tradi
tion of instruction.102 While this is certainly likely, i 
would argue that experienced artisandesigners and 
master builderarchitects would have visually compre
hended the logic of incompletely annotated patterns 
such as this one and of textless patterns as well. that is 
why the first part of the commentary, before moving on 
to alternative procedures, ends with the expression 
“[the rest of] the construction would be easy,” as do the 
instructions for another pattern (fol. 182r [8]). the texts 
accompanying some repeatunits, on the other hand, 
simply say “complete the construction,” without further 
explanation.  

With the exception of square patterns in which ro
tated “fourlegged” squares drawn in ink structure the 
composition, the rectangular repeatunit of the hep
tagonal North dome pattern is the only example of its 
kind in the Anonymous Compendium to include a hex
agonal generative grid outlined in ink. another interest
ing exception is also a heptagonal pattern, whose square 
repeatunit features a rotated “fourlegged” square with 
four rotating irregular kites drawn in a dotted black ink 
line. the latter structures the final decorative pattern 
composed of four composite polygons (double penta
gons) rotating around a central swastika motif (see fig. 
17). in this case, the centers of the four heptagonal half
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the circular method, relying on arcs corresponding 
to angle measurements, is based on the theorem quoted 
above in the Anonymous Compendium, which is accom
panied by a diagram depicting a triangle whose angle 
ratios (1:2:4) are related to the heptagon (fol. 183v [12]). 
the theorem is followed on the next page by a related 
construction, illustrating a triangle whose angle ratios 
(1:2:6) add up to nine and relate to the nonagon (fol. 184r 
[13]). the simple procedure described involves dividing 
the circumference of the circle into nine parts (arcs), 
then obtaining the desired triangle by joining “the 
chords of the arcs of one part, 2 parts, and 6 parts.” this 
procedure is complemented by a more complicated one 
that is required if one wants to construct the same tri
angle on a given line; although unstated, this might be 
required for fitting it between two established points in 
a repeatunit. an application of the same theorem to the 
dodecagon is also provided—that is, a triangle (3:4:5) 
whose angles add up to twelve. it is obtained by dividing 
the circumference of a circle into twelve parts and join
ing “the chords of 3, 4, and 5 parts.”    

the same page is accompanied by a tabulated nu
merical table, which gives all triangles the sum of whose 
angles are in nine parts (fol. 184r [13]). the table starts 
with the triangle (1:2:6) used in the construction itself, 
and is accompanied by six others for constructing nona
gons.104 it recalls numerical tables for the measure
ments of triangles and other polygons that are included 
in the surveying treatise titled “constructions by abu 
Bakr.” however, numbers corresponding to angle mea
surements are rarely marked on the geometrical con
structions of the Anonymous Compendium, the only 
exceptions being the present construction (fol. 183r [13]) 
accompanying the tabulated table, and two others, 
whose commentaries refer to specific numerical ratios 
related to angles (fol. 184v [14], 190r [34]). 

one of those commentaries explains how to draw 
special rightangled triangles within a semicircle using 
a fixed compass opening (fol. 184v [14], pl. 14.1). the pur
pose of this construction has been interpreted as provid
ing templates for drafting tools, which are referred to as 
“set square [number] 5” (gūnyā-5) and “set square [num
ber] 6” (gūnyā-6). those set squares approximated angle 
measurements in terms of modules equaling six  degrees. 
“set square [number] 5,” corresponding to 36°54°90° 
(degrees in ratio 6:9:15), facilitated the con struc tion of 

regular pentagons and decagons; “set square [number] 
6,” which corresponded to 30°60°90° (degrees in ratio 
5:10:15), simplified the procedure for drawing regular 
hexagons and dodecagons. the text explains that a third 
triangle in the same diagram becomes “[number] 15,” 
that is, a set square of 24°66°90° (degrees in ratio 
4:11:15), which could be used for drawing regular fifteen
sided polygons. While this geometrical construction 
may have provided templates for producing set squares, 
it also elucidates the interrelated angle ratios of different 
types of polygons by placing the equivalent hypotenuses 
of two intersecting rightangled triangles along a semi
circle’s diameter. that relational aspect becomes appar
ent in the text, according to which the diagram’s 
objective is to construct “gūnyā-5” by means of the com
pass opening of the radius of “gūnyā-6.” as hogendijk 
observes, the same construction provides an unstated 
approximation of the side of a regular pentagon in
scribed in the semicircle.105 it is not a coincidence, then, 
that this diagram is followed by a series of related con
structions, beginning with the properties of special tri
angles (fol. 185r–v] and continuing with methods for 
drawing regular pentagons (fols. 186r–187r).  

although some commentaries considered above refer 
to proportions derived from conic sections, in actuality, 
the intention is to closely approximate those propor
tions by using special drafting tools. to give an example, 
the text mentioning a treatise by “ibni haytham” on a 
special rightangled triangle, which he drew by means 
of two intersecting conic sections, explicates the propor
tion of a repeatunit based on the same triangle but con
structed in a simpler method, providing a practical 
shortcut (fig. 12, fol. 191r [36]): 

however, the objective can be achieved here with the aid 
of this tsquare (misṭara gūnyā). as we said in the preced
ing “preliminary,” the objective of our repeatunit (ʿaqd) is 
four rightangled “pinecone figures” (shakl-i ṣanawbarī) sur
rounding a rightangled equilateral and equiangular quad
rilateral.  

the four figures, also referred to as “pineconelike quad
rilaterals” (murabbaʿ-i ṣanawbarī) later in the same text, 
are special kites that surround a rotated central “four
legged” square, lined up along the edges of the repeat
unit. the rotating kites are obtained by cutting off a 
triangle from the tip of each of the four rightangled tri
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angles defined by the extended sides of the central “four
legged” square. each kite is further subdivided into three 
quadrangles. the tsquare, composed of a set square 
(gūnyā) and ruler (misṭar), is shown superimposed on 
that particular repeatunit. this drafting tool for the me
chanical drawing of conic sections is excluded from 
abu’lWafaʾ’s practical geometry treatise, which lists 
only the ruler, compass, and set square.  

the following page separately depicts the tsquare 
(fol. 191v [36]), which was already introduced in an ear
lier construction with no explanation (fol. 190r [34]). 
the text accompanying the depiction describes how to 
construct that tool, with which many “difficult repeat
units” (ʿuqūd-i mushkil) based on conic sections could 
be drawn (the term ʿuqūd here is the plural of ʿaqd). it 
immediately becomes clear that this was the inference 
of the scribe, who seems not to have been familiar with 
the tool: “this is presently the deduction of the scribe 
(kātib); whether or not it is so is not known.” if this is the 
voice of the Anonymous Compendium’s original com
piler around the 1300s, then the geometrical construc
tion may have been copied from an earlier source 
depicting an unfamiliar tool. alternatively, if it is the 
voice of the fifteenthcentury copyist, this would mean 
that the tool was apparently no longer familiar in the 
timuridturkmen period. the commentary goes on 
with a description of how to construct “the ruler in the 
same way as the alidade of an astrolabe” and erect in the 
middle of it a perpendicular ruler at a right angle, similar 
to the vertex of the alidade of the “boat astrolabe” 
(usṭurlāb-i zawraqī) (pls. 36.1´, 36.3). the text ends with 
a reassuring remark, apparently in a voice different from 
and earlier than the one above (i.e., prior to the 1300s or 
1400s), for it now confirms that if the tool is correctly 
constructed, “many extraordinary, difficult proportions” 
(nisbathā-yi gharīb-i mushkil) can be obtained with it.106             

the text of the earlier rectangular pattern superim
posed with the same tsquare similarly explains that 
“the proportion of this repeatunit” (nisbat-i īn ʿaqd) is 
based on kites (ṭurunj) drawn using that drafting tool 
(fol. 190r [34]). an annotation announces the discovery 
of an alternative method of approximation, using  angles: 

however we have found a construction by approximation 
(taqrīb). When we divide the right angle into 9 equal parts, 
four parts of it will constitute angle aGB, and 5 parts will 

constitute angle BGd. this is a very close approximation 
(ghāyat taqrīb).  

the repeatunit of the same pattern appears earlier in 
the Anonymous Compendium, where two other methods 
for its construction are explained on a single page, to 
which i briefly referred above (fol. 187v [26 and 27]). the 
text accompanying the drawing at the bottom of that 
page (no. 27 [pl. 27]) states that the ratio/proportion of 
the length to width of this repeatunit (ʿaqd) has been 
determined using the “geometrical method” (bi-ṭarīq-i 
handasa) from the octagon. the text written next to the 
drawing at the top of the page (no. 26 [pl. 26]) explains 
how to construct a rightangled triangle that is labeled 
“easy proportion” (nisbat-i sahl). an annotation written 
upside down in between both texts explicates this prac
tical way of approximating, reflecting the then current 
working method of artisans, based on rectilinear propor
tions instead of angular ones derived from the circle: 
“some artisans (baʿżī az-ṣunnāʿ) draw this repeatunit 
(ʿaqd) such that its length is seven parts and the width 
six parts. this is extremely close [to the required ratio] 
(ʿaẓīm nazdīk ast).” the approximation entails dividing 

fig. 12. tsquare superimposed on a square repeatunit with 
a central rotated “fourlegged” square, surrounded by four 
subdivided rightangled triangles. from the Anonymous 
Compendium. paris, Bibliothèque nationale de france, ms. 
persan 169, fol. 191r [36]. (photo: Bibliothèque nationale de 
france)
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 famous tract was written in 1206 and dedicated to the 
artuqid ruler of diyarbakır (the artuqids were a seljuk 
successor state based in eastern anatolia and northern 
syriairaq). shifting the position of that tsquare’s ali
dade enabled the setting out of angles corresponding 
proportionally to two segments of the sextant’s semi
circular arc, which was pierced with holes showing dif
ferent angles (fig. 13a). another diagram of alJazari  
(fig. 13b) elucidates how to determine the center of three 
points on the surface of a sphere or a circle by using that 
drafting tool, provided that they are not in a straight 
line. this explains why a construction illustrating the 

the lines corresponding to the length and width of the 
repeatunit into seven and six equal parts, respectively, 
i.e., a construction that corresponds to the numerical 
ratio 7:6.  

a drafting tool comparable to the tsquare described 
above, but this time featuring a movable alidade with a 
semicircular projecting sextant at its center, is described 
and illustrated in a treatise by the mechanical engineer 
Badiʿ alZaman abu alʿizz ismaʿil b. alrazzaz alJazari 
(fl. ca. 1200) titled Al-Jāmiʿ bayna al-ʿilm wa’l-ʿamal al-
nāfiʿ fī ṣināʿat al-ḥiyal (a compendium of science and 
useful practice in the mechanical arts). alJazari’s 

fig. 13a. drawing of a tsquare with a movable alidade and 
semicircular projecting sextant. ibn alrazzaz alJazari, “a 
compendium of science and useful practice in the mechan
ical arts.” university of oxford, Bodleian library, ms. Greaves 
27, fol. 108v. (photo: the Bodleian library)

fig. 13b. diagram showing how to determine the center of 
three points marked on a circle by using a tsquare. ibn al
razzaz alJazari, “a compendium of science and useful prac
tice in the mechanical arts.” university of oxford, Bodleian 
library, ms. Greaves 27, fol. 109r. (photo: the Bodleian li
brary)
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fig. 13c.  template for a cast bronze door decorated with interlocking hexagonal and octagonal stars and filler units. ibn 
alrazzaz alJazari, “a compendium of science and useful practice in the mechanical arts.” istanbul, topkapı palace library, 
ms. a. 3472, fols. 165v–166r. (photo: topkapı palace library)
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picture of the parts in relation to the whole. he thus 
communicated the visual information necessary for ex
perts already familiar with the theory and practice of the 
mechanical arts. less accomplished artisans, however, 
could still copy his drawings as templates, just as his 
treatise may have contributed to the appreciation of 
clever geometrical expertise by alJazari’s royal patron 
and his circle of courtiers. 

the invention of the tsquare as a shortcut for ob
taining complex proportions may account for the in
creasing sophistication and precision of geometric 
ornament around the thirteenth century, when earlier 
irregularities in starandpolygon patterns, often com
prising figures with unequal sides and angles, were con
siderably reduced. concern for greater exactitude 
involved not only the internal proportions of interlock
ing motifs, now dominated by regular polygons and 
stars, but also the correspondence of the lengthto
width proportions of their repeatunits with the edges 
of given surfaces. this important aesthetic criterion is 
affirmed when alJazari proudly points to the absence 
of half and quarter stars, or any other incomplete piec
es, in the door that he designed and produced. the 
Anonymous Compendium may have partly addressed the 
same aesthetic criterion through its pointjoining in
structions, which explain how to construct reliable re
peatunits for ornamental patterns whose “small and 
large proportions” closely approximated geometrically 
correct ones. these dimensionless repeatunits trans
formed patterns into replicable templates. Besides es
tablishing a suitable drawing technique for the 
in vestigative exploration and representation of pat
terns, the precision of repeatunits would also help to 
reduce disjunctions and distortions amplified by their 
application on largescale surfaces, and to adjust their 
motifs to the borders of given supports, including the 
curvature of arch spandrels.110   

orNameNtal GeometrY iN the AnOnyMOuS 
COMpEndIuM aNd the TOpKApI SCROLL

i previously interpreted the term ʿaqd as a synonym for 
girih (lit. knot), which more appropriately characterizes 
ornamental patterns compiled in the Topkapı Scroll and 
its successors. sometimes featuring kufic inscription 

same problem is included under the North dome pat
tern in the Anonymous Compendium, the repeatunit of 
which was most probably drawn by using the tsquare 
depicted on the previous page (fol. 192r [38]), as i have 
proposed above. alJazari adds that with the aid of that 
tool “other angles in [general] use, acute and obtuse, 
may also be determined.” moreover, using the same 
tool, he designed a door with interlocking starandpoly
gon patterns for the artuqid royal palace in diyarbakır, 
the cast bronze sheets of which were fixed by decorative 
nails over a wooden base (fig. 13c).107 he boasted that 
this was truly a masterpiece, whose composition per
fectly fit the doorframe, with no “half or quarterstars 
nor any incomplete pieces, except for two halfstars” [at 
the centers of the upper and lower edges].108 

alJazari was a geometerengineer and master crafts
man fully conversant with the branches of his trade, 
including metalwork. the primacy of visual illustration 
(mithāl, example or model) over textual description is 
captured in a revealing passage of his treatise, which 
was commissioned by his artuqid royal patron, who 
asked him to record the mechanical devices he had 
made. in that passage, the bronze door is meticulously 
described as having a latticework (shabaka) pattern of 
hexagonal and octagonal stars (khātim) joined by filler 
units. its starandpolygon pattern resembled in type 
those that appeared on carpenter’s work for tongue
andgroove joinery (kārzawān).109 drawing attention to 
the shared language of starbased ornamental patterns 
in metalwork and woodwork, this statement brings to 
mind the previously discussed title of a nearly contem
porary arabic copy (dated 1209) of abu’lWafaʾ’s Geo-
metrical Constructions in cairo, namely Kitāb al-nijāra 
(Book of Joinery).

in this fascinating passage, which indicates the sig
nificance of mechanical drawings, alJazari warns the 
reader that his abbreviated stepbystep textual descrip
tion in arabic is less informative than the accompany
ing set of diagrammatic visual representations (mithāl). 
this is often the case in the illustrations of the persian 
Anonymous Compendium as well, which are sometimes 
labeled misāl. hence, alJazari’s technical drawings were 
not mere embellishments but rather visual clarifications 
of the text. he explains that in making the  drawings of 
the door and its individual components, he did not aim 
at completeness but instead wished to present a clear 
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seen as an offshoot of the late antique tradition, despite 
its deliberate divergences from and transformations of 
classical precedents. however, the later islamic addi
tions mentioned above are hardly insignificant modifi
cations explicable by a model of evolutionary continuity. 
moreover, the exclusive focus on planar geometric 
 designs ignores intimate connections between two and 
threedimensional patterns, such as projections of 
muqarnas and stellate vaults, whose geometries are al
most invariably worked out together in design scrolls 
and, to a lesser degree, in the Anonymous Compendium. 
equally debatable is the assertion that “the argument 
from academic geometry fails” because patterns with 
“unprecedented nonsextal and nonoctal symmetries” 
required “no new geometric knowledge, only a desire to 
achieve novel results” and thus do not constitute “a new 
class of decoration.”116  

first of all, constructive “practical geometry” is not 
the same as “academic geometry.” secondly, recent 
mathematical studies have argued that some highly 
complex islamic patterns displaying five and tenfold 
symmetries are quasiperiodic (i.e., tiling the plane in a 
deterministic way that does not repeat), or closely ap
proximate quasiperiodicity, first understood in the West 
from the 1970s onward.117 as one mathematician has 
pointed out, the derivation of “irregular tiles from sup
plementary shapes to compositional elements in their 
own right” gave islamic artists “flexibility to assemble 
the tiles in novel ways and led to a new category of de
signs”; in his view, this was an innovation of seljuk iran 
and anatolia particularly during the twelfth and thir
teenth centuries.118 Whether those designs constitute a 
“new class of decoration” may be a matter of definition 
and taxonomy, but two and threedimensional star
andpolygon patterns were certainly not immune to 
“new geometric knowledge.”   

successive moments in the development of a perva
sive tradition of constructive geometry can be discerned 
in abu’lWafaʾ’s late tenthcentury Geometrical Con-
structions, which lacks ornamental patterns; the Anony-
mous Compendium, which is provisionally datable to the 
1300s and survives in a modified midfifteenth century 
copy; and the subsequent Topkapı Scroll (late fifteenth 
to early sixteenth century). the Anonymous Compen-
dium, annotated with terse instructions typical of “how

panels and architectural plans drawn on squared or 
trian gular grids, such design scrolls were prepared by 
master builderarchitects, unlike the Anonymous Com-
pen dium, whose author(s) included practiceoriented 
geometerastronomers such as abu Bakr.111 the term 
girih is widely used in persian sources from at least the 
midsixteenth century onwards, contrary to the as
sumption that it did not appear until the nineteenth 
century. the semantic range of ʿ aqd closely corresponds 
to that of the terms girih or girih-bandī (knotted, joined, 
bound, fastened together). starandpolygon patterns 
are identified in sixteenth and seventeenthcentury 
persian sources on the visual arts as being in the girih 
mode; other variants include girih-bandī, girih-bandī-yi 
Rūmī, band-i Rūmī, and girih-i Rūmī.112 some of these 
terms associate the girih mode with anatolia (Rūm), 
where geometric ornament became widespread under  
the rum seljuk sultanate, between the early twelfth  
and midthirteenth centuries. following the mongol 
 conquest of anatolia in 1243, when the rum seljuks be
came vassals of the ilkhanid dynasty, this type of geo
metric ornament continued to flourish in that region 
and far beyond.113 the girih mode underwent sophisti
cated elaborations during the postmongol era, from the 
midthirteenth through the early sixteenth centuries, 
when regionally specific ornamental idioms became 
normative in the islamic east and West alike. Geometric 
patterns would subsequently be marginalized by floral 
ornaments in the eastern islamic lands, despite their 
continuous afterlife well into the present.114 

it has been argued that the girih mode was not es
sentially different from early islamic geometric orna
ment during the umayyad period (661–750), largely 
based on late antique prototypes. from this perspec
tive, the only later islamic additions were a new prefer
ence for straight lines instead of curves, and two kinds 
of innovation: “the increase in their complexity,” and 
“their utilization of radial symmetries that are not sextal 
or octal” (i.e., hexagonal and octagonal). indeed, recent 
studies have demonstrated the relatively low level of 
complexity displayed in roman and Byzantine starand
polygon patterns, their later versions in Norman italy 
(eleventh and twelfth centuries), and in cosmatesque 
ornament (early twelfth to early thirteenth century).115 
in that sense, umayyad geometric ornament can be 
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to manuals,” addresses advanced practitioners already 
familiar with basic procedures such as those outlined in 
abu’lWafaʾ’s practical geometry treatise and others, in
cluding the works of abu Bakr. it condenses starand
polygon patterns into repeatunits through an intense 
investigation of their underlying properties, such as 
similarity, complementarity, and ratios/proportions. 
the omission of written instructions toward the end of 
this document brings the repeatunits of those textless 
patterns close to their counterparts in the Topkapı Scroll 
(figs. 14, 15a–b). this and subsequent design scrolls cata
logued the same mode of geometric ornament by means 
of relatively more standardized, textless repeatunits, 
which became integrated into visual and oral workshop 
traditions.119       

although several compositions in the Anonymous 
Compendium find parallels in the textless Topkapı 
Scroll, many of them have been eliminated altogether, 
 especially preliminary procedures and “dividing and 
 assembling” constructions. the scroll is neither a “how
to manual,” nor simply a pattern book, since its inked 
and uninked construction lines make visually explicit 
the generative geometry that underpins its repeatunits. 
most of its planar geometric patterns have solid or dot
ted construction lines in red, orange, or black ink, which 
delineate generative polygonal grids (fig. 16a–b). in the 
Anonymous Compendium, with the exception of pat
terns structured by the “fourlegged” square, inked gen
erative grids composed of contiguous polygons only 
appear in two cases: the aforementioned repeatunits 
for complex heptagonal designs (figs. 10a and 17). hence, 
the “polygonal technique” was known but not articu
lated graphically in this document, whose written com
mentaries and constructions are dominated by the 
“pointjoining” technique.120  By contrast, polygonal 
grids abound in the Topkapı Scroll as a way to provide 
shorthand workshop formulas. Yet codification was 
complemented by the invention of new experimental 
patterns, which, like those of the Anonymous Compen-
dium, do not find counterparts in extant monuments.

i have acknowledged that the inked generative grids 
with contiguous polygons found in the Topkapı Scroll 
may have been intended as templates. Nevertheless, 
some of its patterns were generated by stellate grid 
 systems more complex than those described by ernst 

hanbury hankin.121 he discovered traces of templates 
that functioned as construction lines faintly scratched 
on the plastered walls of two late sixteenthcentury mu
ghal bathhouses in the fatehpur sikri palace near agra, 
consisting in one case of contiguous triangles, and, in 
the other, of simple polygons. the final pattern was cre
ated by joining the midpoints of each polygon with lines 
that crossed one another at certain angles. 

the more intricate generative grids of the Topkapı 
Scroll include not only the “fourlegged” square scheme 
featured in the Anonymous Compendium (fig. 18a–d), but 
also interlocking stars and polygons (fig. 19a–b).  
i referred to the latter as “doublelayered” patterns 
 because a second layer of proportionally interrelated 
patterns of different scale is superimposed on these star
andpolygon compositions.122  having no counterpart in 
the Anonymous Compendium, those patterns display 
considerable visual complexity, and are more advanced 
than former doublelayered designs, such as the one 
seen in an  ornamental vault panel at the socalled 
 abbasid palace in Baghdad (ca. 1184–1230). the latter 
doublelayered pattern, combining octagonal and pen
tagonal stars with sixpointed stellate forms, neverthe
less foreshadows subsequent versions in that the vertices 
of its largescale motifs coincide with the centers and 
edges of stars in the smallscale starandpolygon com
position (fig. 20a).123 Not surprisingly, the same building, 
which is a monument with extravagant geometric deco
ration in carved brick and terracotta, boasts a unique 
muqarnasvaulted arcade that reminds us of what has 
been lost in Baghdad. the muqarnas vaulting of a recess 
in that palace, which frames a flat ceiling decorated with 
interlocking starandpolygon designs, comes close to 
the orthogonal muqarnas projections depicted in the 
Anonymous Compendium. this vaulted recess once 
again demonstrates the intimate relationship between 
two and threedimensional geometrical patterns  
(fig. 20b). 

the closest extant parallels to the elaborate double
layered patterns of the Topkapı Scroll appear on fif
teenthcentury timuridturkmen monuments from 
western and central iran, corroborating its proposed 
date and provenance.124 in those examples, the super
imposed starandpolygon patterns in differing scales 
are rendered in the polychrome mosaictiling tech
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nique, which not only allowed for but also required 
much greater precision than cut brick. the increased 
exactitude of this technique, mediated by drawings on 
paper, was developed substantially in the postmongol 
era and may have contributed to the diminished use of 
strapwork, which disguises uneven crossings by means 
of ribbons passing over and under each other. the 
 former taste for linear interweaving thus gave way to 
girih patterns with clearly bounded interlocking 
 compartments.

despite notable differences, the patterns of the Top-
kapı Scroll have features in common with those of the 
Anonymous Compendium, such as inked or uninked in
cised oblique lines demarcating dynamic axes of sym
metry that proportionally cut the edges and surfaces of 

fig. 14. rectangular repeatunit of an incomplete construc
tion with pentagonal, decagonal, and dodecagonal stars. 
from the Anonymous Compendium. paris, Bibliothèque na
tionale de france, ms. persan 169, fol. 195v [54]. (photo: Bib
liothèque nationale de france)

fig. 15a. Bottom: rectangular repeatunit with decagonal 
and dodecagonal stars; top: square repeatunit with a central 
crossaxis of eight arms and quarteroctagonal stars at each 
corner. from the Anonymous Compendium. paris, Biblio
thèque nationale de france, ms. persan 169, fol. 196r [55, 56]. 
(photo: Bibliothèque nationale de france)

fig. 15b. uninked generative grid of construction lines in 
figure 15a (bottom). (drawing: elizabeth dean hermann, in 
Necipoğlu 1995, p. 147, fig. 109b)
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their repeatunits. Both documents also share uninked 
concentric circular construction lines subdivided by 
equidistant radii corresponding to particular angles, 
which emanate from star centers. By comparing the or
namental repeatunits of these two sources it is possible 
to discern the increasing elaborateness of generative 
construction lines in the Topkapı Scroll, in accordance 
with its function as a practiceoriented workshop docu
ment lacking textual instructions: (1) rectangular re
peatunits with decagonal and dodecagonal stars, whose 
underlying grid of contiguous polygons is delineated 
with red ink only in the scroll (figs. 14, 15a–b, and 16a–b); 

fig. 16b. uninked generative grid of construction lines in fig. 
16a. (drawing: elizabeth dean hermann, in Necipoğlu 1995, 
p. 256, no. 44)

fig. 16a. rectangular repeatunit with pentagonal, decago
nal, and dodecagonal stars. from the Topkapı Scroll. istanbul, 
topkapı palace library, ms. h. 1956. (photo: Necipoğlu 1995, 
p. 310, cat. 44) 

→
fig. 17. square repeatunit with four central doublepenta
gons, heptagonal stars, and hexagons, generated by a rotated 
“fourlegged” square drawn in black dotted lines. from the 
Anonymous Compendium. paris, Bibliothèque nationale de 
france, ms. persan 169, fol. 194v [48]. (photo: Bibliothèque 
nationale de france)
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fig. 18a. square repeatunit with four central doublepen
tagons and octagonal stars, generated by a central “four
legged” square drawn in red dotted lines. from the Topkapı 
Scroll. istanbul, topkapı palace library, ms. h. 1956. (photo: 
Necipoğlu 1995, p. 320, cat. 61) 

fig. 18b. uninked generative grid of construction lines in fig. 
18a. (drawing: elizabeth dean hermann, in Necipoğlu 1995, 
p. 263, no. 61)

fig. 18c. square repeatunit with hexagonal stars, hexagons, 
and doublepentagons, generated by four rotated “four
legged” squares drawn in red dotted lines. from the Topkapı 
Scroll. istanbul, topkapı palace library, ms. h. 1956. (photo: 
Necipoğlu 1995, p. 319, cat. 59) 

fig. 18d. uninked generative grid of construction lines in fig. 
18c. (drawing: elizabeth dean hermann, in Necipoğlu 1995, 
p. 262, no. 59)
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fig. 19a. rectangular repeatunit with doublelayered pattern comprising pentagonal and decagonal stars. from the Topkapı 
Scroll. istanbul, topkapı palace library, ms. h. 1956. (photo: Necipoğlu 1995, p. 300, cat. 28) 

fig. 19b. uninked generative grid of construction lines in fig. 19a. (drawing: elizabeth dean hermann, in Necipoğlu 1995, 
no. 28, p. 249)
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fig. 20a. carved brick vault panel with doublelayered pattern comprising octagonal and pentagonal stars and sixpointed 
stellate forms, overlaid with a central roundel and four arrowshaped medallions. courtyard iwan of the abbasid palace 
(ca. 1184–1230) in Baghdad. (photo: public domain) 

fig. 20b. carved terracotta muqarnasvaulted ceiling combining two and threedimensional geometric patterns. recess 
facing the west entrance before restoration, abbasid palace (ca. 1184–1230) in Baghdad. creswell archives, ea.ca.6286 161 
c127 3ab(i)re3. (photo: creswell archives)
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Compendium (though in just a few ornamental repeat
units), its proponents have assumed that this was the 
main historical technique for designing geometric pat
terns, which simply required the use of a ruler and com
pass.128 however, the primary sources do mention other 
professional drafting tools, such as set squares, the mov
ing ruler, and versions of the tsquare that facilitated 
mechanical drawing procedures, especially those in
volving subtle proportions approximating conic sec
tions. the renowned maghribi scholar ibn Khaldun (d. 
1406) testifies to the usefulness of conic sections, which 
to him was “apparent in practical crafts that have to do 
with bodies, such as carpentry and architecture,” and in 
making mechanical devices.129 this does not, of course, 
mean that all patterns were constructed with such ad
vanced tools. Yet the tsquare was used, at least once, 
in designing the starandpolygon pattern of the bronze 
door produced by the mechanical engineer alJazari in 
diyarbakır (fig. 13a–c). Versions of this drafting tool 
were most likely used in other times and places as well, 
as is implied by the somewhat simpler variant depicted 
in the Anonymous Compendium (fig. 12). therefore, the 
common supposition that the easier “polygonal meth
od” must necessarily have been preferred by medieval 
designers of islamic geometric ornament is debatable. 
this opinion was not shared, for instance, by the great 
theorist of ornament, owen Jones (d. 1874):

as with proportion, we think that those proportions will 
be the most beautiful which it will be most difficult for the 
eye to detect….in the best periods of art all moldings and 
ornaments were founded on curves of a higher order, such 
as the conic sections; whilst, when art declined, circles and 
compasswork were much more dominant.130

What have recently been termed “polygonal templates” 
by Jay Bonner, or “girih tiles” by peter J. lu and paul J. 
steinhardt, were used in certain cases for transferring 
geometric patterns onto given surfaces.131 however, 
i would argue that the square and rectangular repeat
units for ornamental designs in the Anonymous Com-
pendium were themselves intended as templates. 
Notably, the centers of multiple star fragments gener
ally overlap with the vertices and edges of these abridged 
quadrangular repeatunits. When applied to a surface 
having the same proportion as that of a square or rect
angular repeatunit, this would ensure a perfect fit 

(2) square repeatunits with four central, interlocking 
doublepentagons generated by an underlying scheme 
of “fourlegged” squares drawn in dotted lines, which are 
combined in one case with heptagonal stars (fig. 17), in 
another case with octagonal stars (fig. 18a–b), and, in yet 
another variant, with hexagonal stars (fig. 18c–d); (3) 
rectangular repeatunits that juxtapose rotating swasti
kas with pentagonal and decagonal stars in one example 
(fig. 21a–b), and with dodecagonal stars in another (fig. 
22a–b).125 

some of the uninked construction lines seen in the 
repeatunits of these two documents are not taken into 
consideration in contemporary studies that explore the 
design methods of islamic patterns. such studies tend 
to devise their own preferred techniques for construct
ing the same patterns.126 since there are generally sever
al ways in which to construct a pattern, the discrepancy 
between proposed modern design methodologies and 
the historical documents is understandable. those 
methods are ultimately oriented toward contemporary 
applications, aimed at formulating standard recipes or 
even computer software programs for revitalizing tradi
tional islamic geometric patterns.127 hence, they do not 
consistently replicate historical construction proce
dures recorded in the primary sources, even when they 
claim to do so. the Anonymous Compendium and the 
Topkapı Scroll demonstrate that polygonal templates 
applied as guidelines on walls would have been derived 
from patterns with more complex construction lines 
that were initially worked out on paper or an alternative 
surface. in other words, there is a difference between 
transferring a design on a wall and creating it anew by 
differing methods suitable to particular circumstances. 
the ability of unskilled artisans to reproduce or modify 
decorative patterns assembled in written sources such 
as the Anonymous Compendium, in textless workshop 
collections such as the Topkapı Scroll, or in historical 
buildings and artifacts, did not necessarily require a 
comprehension of how master designers commanding 
higher levels of skill had constructed them in the first 
place. Besides differing levels of competence, then, one 
must recognize that neither the process of designing a 
pattern nor that of transferring it to a surface followed 
a single universal method.            

since the “polygonal method” is documented in han
kin’s report, the Topkapı Scroll, and the Anonymous 
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fig. 21a. rectangular repeatunit with rotating swastikas, 
kites, and pentagonal and decagonal stars. from the Anony-
mous Compendium. paris, Bibliothèque nationale de france, 
ms. persan 169, fol. 199r [61]. (photo: Bibliothèque nationale 
de france)

fig. 21b. uninked generative grid of construction lines in fig. 
21a. (drawing: elizabeth dean hermann, in Necipoğlu 1995, 
p. 149, fig. 113b)

 between the pattern and its support. some rectangular 
repeatunits, for example, feature quarterstars at op
posite corners (figs. 14, 15a [bottom], and 21a). one of the 
square repeatunits, on the other hand, has a slightly 
rotated octagonal star at the center, with quarterhexag
onal stars occupying the four corners, while each of its 
edges is lined up with a halfcomposite polygon that 
fuses two pentagons and a heptagon (fig. 23 [top]). the 
slight tilting of the octagonal star yields a pattern with 
dynamic symmetry, in which the sides of all the inter
locking figures are equal. as Özdural has shown, an un
tilted octagon would have produced a static design with 
nonequilateral composite polygons, a comparison tes
tifying to the skill of its designer in subtly integrating 
stars with differing rotational symmetries (pl. 45.2a–b). 

the strict economy of design observed in the Anony-
mous Compendium’s condensed repeatunits, which 
 reduce ornamental patterns to their lowest common de
nominator, is not always followed in the Topkapı Scroll, 

which includes some fuller compositions, visually dis
playing the designer’s bravura. Nevertheless, both docu
ments shed light on the historical use of repeatunits as 
templates. ornamental patterns that are hardly imagin
able from their abbreviated repeatunits in the Anony-
mous Compendium may have initially been invented by 
diverse methods and even copied from earlier manuals 
and buildings.132 in addition to serving as templates for 
present and future use, these repeatunits, whose as
sociated texts clarify proportional relationships, could 
guide advanced masters in developing new innovative 
compositions.133 

the ambition of some studies to impose a single de
sign methodology upon the vast repertory of islamic 
geometric ornament is an anachronism contradicted by 
the multiplicity of techniques  recorded in the Anony-
mous Compendium and, to a  lesser degree, in more stan
dardized design scrolls. this  diversity was recognized 
long ago by chorbachi, who acknowledged the need to 
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the  respective dates of compilation i proposed for both 
documents. 

most importantly, the former document does not in
clude the archnet or radial muqarnas vault projections 
so characteristic of timuridturkmen architecture that 
abound in the Topkapı Scroll.136 the archaic orthogonal 
muqarnas vault projections illustrated in the Anony-
mous Compendium are also compatible with its earlier 
date (fig. 23 [middle and bottom]), when compared with 
the more intricate drafting conventions used for distin
guishing corbelled spatial tiers in the radial muqarnas 
patterns of the Topkapı Scroll (fig. 24a–b). moreover, the 
geometrical constructions in the Anonymous Compen-
dium are not only marked with letters but also drawn in 
red and black ink, in the manner of me dieval scientific 
treatises, setting them apart from those of the Topkapı 

“look beyond the symmetry patterns to the actual pro
cess of design and to recognize the significant aspects 
and issues of geometry it involves.”134 the predominant 
focus of recent studies on contemporary interests, such 
as quasiperiodic tilings and symmetry groups, has had 
“limited relevance to the aesthetic complexity of islamic 
geometric design,” as one researcher put it, since “this 
tells us little about the properties of the design other 
than its symmetry group.”135 

taking a closer look at the inked or uninked construc
tion lines and actual motifs of ornamental patterns in 
the Anonymous Compendium and the Topkapı Scroll un
veils historical clues for dating that are not apparent if 
one focuses on the similar symmetry principles of their 
generative polygonal grids. a comparison of motifs 
shows that their design repertories are consistent with 

fig. 22a. rectangular repeatunit with rotating swastikas, 
dodecagonal stars, hexagons, kites, and lozenges. from the 
Topkapı Scroll. istanbul, topkapı palace library, ms. h. 1956. 
(photo: Necipoğlu 1995, p. 325, cat. 70) 

fig. 22b. uninked generative grid of construction lines in fig. 
22a. (drawing: elizabeth dean hermann, in Necipoğlu 1995, 
p. 266, no. 70)
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however,  indepth research using a wider range of 
written primary sources to seek his toricized answers to 
these questions has not been forthcoming, largely due 
to the trend toward mathematizing ornamental pat
terns and the tendency to underestimate the interdisci
plinary potential of the subject. ornamental  geometric 
 patterns, situated at the intersection of history of 
 science and cultural artifact, have yet to be analyzed in 
studies of cognitive history as historical constructs and 
practices of knowledge.137 the Anonymous Compendi-
um itself compels us to ask whether the highly complex 
Topkapı Scroll patterns could have been intuitively in
vented by master builderarchitects without any direct 

Scroll and its successors, which lack lettering and fea
ture multiple colors.

some of the patterns in the scroll, particularly its 
“doublelayered” repeatunits with highly complex 
five and tenfold symmetries, have lately attracted the 
attention of contemporary designers, mathematicians, 
mathematical physicists, and crystallographers (fig. 
19a–b). recent studies, which regard these patterns as 
innovative experiments with quasiperiodic tilings and 
selfsimilarity, have triggered a lively debate revolving 
around two issues: whether they can be classified using 
such modern categories, and the level of mathematical 
awareness or lack thereof possessed by their creators. 

fig. 23. top: square repeatunit with hexagonal and octago
nal stars and composite polygons; middle and bottom: or
thogonal projections of a rectangular and a square muqarnas 
vault. from the Anonymous Compendium. paris, Bibliothèque 
nationale de france, ms. persan 169, fol. 194r [45–47]. (pho
to: Bibliothèque nationale de france)

fig. 24a. repeatunits of radial muqarnas vaults. from the 
Topkapı Scroll. istanbul, topkapı palace library, ms. h. 1956. 
(photo: Necipoğlu 1995, cat. 16, 17, p. 294)

fig. 24b. uninked generative grid of construction lines in 
fig. 24a. (drawing: elizabeth dean hermann, in Necipoğlu 
1995, p. 245, nos. 16 and 17)
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ical drafting tools). although this document is informed 
by practices in surveying (misāḥa), that is, the science
cumart of measurement, which fuses arithmetical 
(numeri cal) and geometrical methods, it differs metho
dologically in its minimization of numerical com pu
tation. as such, the primarily visual language of its 
constructive geometry problems comes close to that of 
abu’lWafaʾ’s Geometrical Constructions. the diagram
matic drawings in both of these sources omit numbers 
that correspond to the measurement of dimensions and 
angles, unlike surveying manuals, whose drawings are 
typically marked with numerals to be used in calculat
ing and dividing areas.  

the present chapter has drawn attention to previ
ously unnoted ways in which the geometrical construc
tions of the Anonymous Compendium resonate with 
those of the two treatises in the paris codex that contain 
extracts from abu Bakr’s works. it was meant not mere
ly for theoretical scientists dabbling in mathematical 
puzzles as purely intellectual exercises, but rather a var
ied spectrum of scholarpractitioners, artisandesigners, 
and perhaps master builderarchitects experienced in 
constructive geometry. this deduction is buttressed by 
the omission of proofs and of detailed textual instruc
tions in the Anonymous Compendium, its technical lan
guage, its persistent attention to close approximations, 
and its recourse to shortcuts by means of advanced pro
fessional tools. these features hardly conform to con
ventions typical of treatises on theoretical geometry, 
just as the Anonymous Compendium’s composite inter
locking figures are uncharacteristic of standard practical 
geometry or surveying manuals. While some of its high
ly complicated constructions would only have been 
comprehensible to experts with advanced skills, others 
providing basic preliminaries were presumably un
neces sary for “masters” such as abu Bakr and his asso
ciates, suggesting that its intended audience(s) included 
less experienced disciples and novices as well.     

embodying a pedagogical concern, posed in terms of 
questions and answers in its “problemsolution” 
(masʾala-javāb) and “sectionexample” (faṣl-misāl) for
mat, the Anonymous Compendium can be interpreted as 
the collective “inscription” of a heterogeneous “actor
network” involving a series of mediations and transla
tions. it was perhaps a written record of oral teaching 
methods, similar to the explanations a master might 

or indirect input of mathematical knowledge, which  
i find rather unlikely. With respect to the Anonymous 
Compendium, the textual, visual, and circumstantial 
evidence that we have considered reveals a reciprocal 
exchange between the arts and sciences in the process 
of making technical drawings and the use of mechani
cal instruments. it would therefore not be farfetched to 
propose that unrecorded exchanges between theoreti
cal and practical knowledge, such as this one, left their 
invisible imprint not only on the Topkapı Scroll, but also 
on successive iterations of comparable geometric pat
terns in different times and places. 

coNclusioN: iNdiViduals mediatiNG  
BetWeeN art aNd scieNce  

to summarize, the Anonymous Compendium is the only 
known medieval islamic primary source with instruc
tions on how to construct some challenging geometrical 
figures, including repeatunits for composite ornamen
tal patterns. correct and approximate constructions are 
juxtaposed, sometimes offering alternative methods, 
suggesting that this document was initially put together 
in a milieu where individuals with varying degrees of 
mathematical knowledge and artisanal expertise com
mingled, or at least became aware of each other’s differ
ing yet partly intersecting geometrical construction 
methods. this was a setting in which geometerastron
omers with a practiceoriented proclivity, such as abu 
Bakr b. alKhalil altajir alrasadi, apparently came into 
contact with practitioners of ornamental geometry. 

rather than a “collaboration,” it might be more ap
propriate to characterize the unknown circumstances 
of that encounter as an “actornetwork,” within which 
the flow of knowledge was not unidirectional but bilat
eral, or even multidirectional. in this particular context, 
practical geometry, with its applications in both survey
ing and the constructive geometry of artisandesigners 
and master builderarchitects provided a middle ground 
and meeting point for experts in these subfields of the 
“mixed” mathematical sciences. it is difficult to classify 
the Anonymous Compendium precisely because of the 
“mixed” character of the problems compiled in it, which 
overlap with those in related areas such as surveying 
and mechanics (especially the construction of mechan
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have given to associates and disciples. or else, the for
mat in which its problems are modeled may have been 
part of a conventional device, also used in other techni
cal manuals such as those comprising extracts from abu 
Bakr’s works in the paris codex.

having been recorded on paper, the contents of the 
Anonymous Compendium traveled across time and 
space. the midfifteenthcentury copy preserved in the 
paris codex, a collection with a strong emphasis on ap
plied mathematics, intimates that its contents were of 
interest to such mathematicianastronomers as Kuba
nani Yazdi, whether the codex was copied by him or not. 
the context(s) and locale(s) in which the Anonymous 
Compendium was initially put together, probably some
time in the 1300s, will remain opaque unless future re
search unveils new clues about the web of actors 
surrounding its compilation and subsequent transcrip
tion in the paris codex. Given the present state of our 
knowledge, it is equally difficult to surmise whether 
other sources like it existed. despite such uncertainties, 
the Anonymous Compendium’s textual and graphic in
scriptions document instances of exchange between the 
realms of theory and practice, generally assumed to have 
been separate. 

We have already encountered some individuals who 
mediated those realms, including geometerastrono
mers and engineers such as abu’lWafaʾ, known as  
al-muhandis; abu Bakr b. alKhalil altajir, known as al-
raṣadī; ibn alhaytham; and ibn alrazzaz alJazari. 
 another geometerengineer whose skills combined 
 theory and practice was muʾayyad aldin abu’l fadl 
 muhammad b. ʿabd alKarim b. ʿabd alrahman al
harithy (d. ca. 1202–3), also known as al-muhandis. this 
damascene master carpentercumstonecutter studied 
euclid’s Elements to improve his skills in the art of join
ery by mastering the details of geometry (al-handasa) 
and their application. he subsequently immersed him
self in the Almagest, ptolemy’s treatise on mathematical 
astronomy, and tabulated astronomical tables. he also 
studied with the famed iranian mathematicianastron
omer sharaf aldin altusi (d. 1213–14), who spent some 
time in damascus.138 

according to his biography, abu’l fadl b. ʿabd al
Karim al-muhandis produced most of the woodwork 
doors for the hospital of the Zangid ruler Nur aldin  

(r. 1146–74) in damascus. he also renovated the 
 mechanical clock of the city’s Great mosque and wrote 
books on medicine upon becoming a doctor. one of the 
hospital’s extant woodwork doors bears his signature 
and the date 549 (1154–55). it is encased in copper sheets 
fixed with decorative brass nails, and its linear strap
work pattern is composed of pentagonal stars, rosettes 
inscribed with hexagonal stars, and sixpointed stellate 
forms, joined together with heptagons, hexagons, and 
filler units.139 this sophisticated composition has been 
identified as a variant of an earlier pattern that adorns 
one of the tympanum arches at the seljukperiod North 
dome in isfahan (1088–89).140 the hospital itself fea
tures an iraqitype red brick conical muqarnas dome 
and a matching muqarnashooded portal in carved 
stone on its main façade, which is framed by a band of 
interlaced geometric strapwork (fig. 25a–d). founded by 
a Zangid ruler who was the son of a former seljuk atabeg 
of mosul, this monument is a perfect example of inter
related twoandthreedimensional geometric designs 
in concert with one another and with their architectur
al support.141 

sharaf aldin altusi, the iranian teacher of the multi
talented damascene muhandis who produced that  
door, also trained a number of celebrated polymaths. 
his best student was ibn Yunus (d. 1242), the previously 
mentioned commentator (in arabic) on abu’lWafaʾ’s 
practical geometry treatise. ibn Yunus, in turn, became 
the teacher of Nasir aldin tusi (d. ca. 1274), the first 
director of the maragha observatory, where the pre
mongol scientific heritage was preserved and advanced 
further. (it housed a vast collection of manuscripts saved 
from the mongol sack of Baghdad in 1258 and elsewhere, 
and remained active from 1259 to the end of the thir
teenth century.) it is therefore significant that the com
mentary of ibn Yunus was copied at maragha in 680  
(1281–82).142

the Anonymous Compendium provides a striking par
allel. its advancements also build upon an already estab
lished tradition of practical and constructive geometry, 
to the extent that it puts forth new solutions to some 
older construction problems. like abu’lWafaʾ’s Geo-
metrical Constructions, this source makes a distinction 
between the methods of geometers and those of arti
sans, yet their respective authors attempt to bridge that 
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fig. 25a. façade of the hospital of Nur aldin b. Zangi, da
mascus. undated photograph. (photo: courtesy of the har
vard fine arts library, Visual collections)

fig 25b. Wooden door sheathed in copper and ornamented 
with brass nails, dated 549 (1154–55). hospital of Nur aldin 
b. Zangi, damascus. (photo: courtesy of the Yasser tabbaa 
archive, aga Khan documentation center at mit)

fig 25c. drawing of the strapwork pattern combining pen
tagonal and hexagonal stars with hexagons, heptagons and 
filler units. hospital of Nur aldin b. Zangi, damascus. (pho
to: courtesy of Yasser tabbaa)

fig. 25d. interior view of the muqarnas dome. hospital of 
Nur aldin b. Zangi, damascus. (photo: courtesy of the Yas
ser tabbaa archive, aga Khan documentation center at 
mit)
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 approximate method for architects and artisans   
because “they cannot work out the precise amounts 
which we have derived.” in other words, they were not 
particularly capable of or concerned with precision, un
like those who “wish to use elaborate methods.” this too 
is in keeping with the remark of abu’lWafaʾ, who in 998 
collaborated with alBiruni in observing a lunar eclipse 
from Baghdad and Kath (in Khwarezm), respectively.146 
alBiruni’s statement goes a long way in substantiating 
the argument in my book and this chapter that artisanal
architectural practice relied primarily on constructive 
geometry methods, ranging from exact to approximate, 
in which arithmetical computation was of secondary 
importance, aided by tabulated numerical tables if re
quired. alBiruni once again reminds us of gradations in 
the level of mathematical skills commanded by practi
tioners, who cannot be lumped into a single undifferen
tiated category labelled “artisan.”   

some “technically clever” artisans and architects 
were not only literate but even harbored literary preten
sions that found an outlet in composing poetry. one of 
them was the timurid architect ustad Qavam aldin b. 
Zayn aldin shirazi (fl. 1410–1438 or 1440), who was ac
complished in engineeringgeometry (muhandisī), ar
chitecture (miʿmārī), and drawingdesign (ṭarrāḥī). it 
has been convincingly postulated that exceptional mas
ters like him probably had their own crew of decorators 
and “followed through on every stage of the work, from 
the working drawings to the design of the vaults and the 
working out of all types of decoration.” Qavam aldin’s 
biographers eulogized him as “the greatest architect of 
the age,” who was also an “expert in astronomy.” When 
he presented an astronomical almanac that he had cal
culated to his timurid patron, shahrukh (r. 1405–47), 
the ruler allegedly recited the following line of poetry: 
“You did the work of the earth so well that you took up 
the heavens too.”147 

treatises on ratio and proportion written by such me
dieval mathematicianastronomers as abu ʿabdallah 
muhammad b. isa b. ahmad almahani (d. ca. 884), 
abu’lWafaʾ alBuzjani, ibn alhaytham, and ʿumar 
Khayyam have yet to be studied in themselves and in 
relation to the Anonymous Compendium. they point 
to a wider cultural phenomenon at the intersection  
of the arts and mathematical sciences, with implied 

divide by finding a scientifically sound middle ground. 
abu’lWafaʾ and the author(s) of at least some construc
tions in the Anonymous Compendium were practice
oriented geometers, who appear to have been well 
informed about the approximation methods preferred 
by artisandesigners and surveyors. in addition, both 
works address some difficult problems related to the 
proportional subdivision of triangles, squares, and 
quadrangles involving square numbers. 

to the list of individuals who bridged theory and 
practice, one might also add the makers of highpreci
sion instruments such as the “perfect compass” for 
drawing conic sections, and the astrolabe for astronom
ical observations (pls. 36.3–4).143 such devices seem to 
have inspired the invention of the simpler tsquare, 
with its perpendicular alidade, versions of which are 
described and illustrated in both the Anonymous 
 Compendium and alJazari’s treatise. one of several 
 scientists involved in the making of instruments was 
abu mahmud hamid b. alKhidr alKhujandi (ca. 940–
1000), a metalworker, designer of astronomical devices, 
and ob servational astronomer, who mingled theoretical 
knowledge with manual skill. trained in Greek geome
try and astronomy, he helped build an observatory with 
a huge sextant in rayy under Buyid patronage, and 
made one of the most beautiful astrolabes intended for 
use in Baghdad; it bears his signature and the date 374 
(984–85).144 

in connection with makers of scientific instruments, 
saliba mentions the autobiography of the mathemati
cianastronomer ibrahim b. sinan b. thabit b. Qurra 
(908–46). active in Baghdad, he wrote a book about 
gnomons on spherical surfaces, dictating a version of it 
to a “technically clever” artisan in a different language 
that befits artisans who work with their hands.145 this 
echoes abu’lWafaʾ’s observations concerning the di
verging methods of geometerastronomers and artisans, 
while at the same time testifying to points of contact 
between them. saliba also cites a related remark made 
by the mathematicianastronomer abu rayhan alBiru
ni (d. ca. 1048): “some of the artisans favor the use of 
arithmetic and prefer it over craft methods…as we have 
found with all the makers of astrolabes and instru
ments.” Yet Biruni’s work on calculating the prayer 
 direction (qibla) of cities did provide an alternative 
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in construction and irrigation projects, besides writing 
technical manuals: the Banu musa brothers (ninth cen
tury), alKaraji (d. ca. 1029), and ibn alhaytham (d. ca. 
1040). the latter two were the authors of nowlost trea
tises classified in encyclopedias of knowledge under the 
“science of the construction of edifices” (ʿilm ʿuqūd al-
abniyya), an applied subfield of the science of geometry 
concerning the erection of castles, houses, and bridges, 
as well as diverting rivers, building water channels, and 
creating hydraulic works. ibn alhaytham’s treatise is 
described in a list of his own writings as a work on the 
drafting of canals and buildings, with illustrations in 
which he applied “all the geometric shapes, until i 
 arrived in this to the shapes of the three conic sec
tions—the ellipse, hyperbola, and ellipse.”151 But the 
involve ment of scientists and the use of scientific trea
tises in artisanal/architectural practice was relatively 
rare in the medieval islamic and christian lands, where 
most practitioners mastered geometrical design meth
ods in which arithmetic played a relatively subordinate 
role and measured drawings were exceptional.152 

potential locales for fruitful exchanges between arti
sandesigners, master builderarchitects, and geometer
astronomers included major construction sites, 
observatories, royal or elite courts, artisanal workshops, 
and widereaching circles of learning, both institutional 
and private. in 901, during the construction of his palace 
at Baghdad, the abbasid caliph almuʿtadid Bi’llah (r. 
892–902) designated an area where masters could teach 
all the crafts (kull ṣināʿat) and various branches of the 
theoretical and technical sciences (al-ʿulūm al-naẓariyya 
wa al-ʿamaliyya), providing it with generous financial 
support.153 the spatial proximity of such courtspon
sored activities would have facilitated the crossfertil
ization of theory and practice across disciplines in the 
very locus of the abbasid caliphal palace (dār al-Khilāfa) 
in Baghdad, an aspiration that was apparently short
lived as the caliph died soon thereafter.154 

in his account of the rebuilding of the ruinous city of 
Baghdad by the Buyid amir ʿadud aldawla, the histo
rian and philosopher miskawayh (932–1030) mentions 
this ruler’s palace, where “a place was set apart for men 
of special attainments and distinguished philosophers” 
near his own apartment, so that in that chamber such 
persons could hold discussions undisturbed by the 

 con nections to aesthetic philosophy and metaphysics 
( cosmology).148 the manifestly geometric ornamental 
patterns of the Anonymous Compendium visually evoke 
an unarticulated concept of beauty relying on the har
mony of proportionally interrelated similar and comple
mentary figures. the planar and spatial versions of such 
patterns can be seen as an embodiment of the aesthetics 
of proportion and transcendence. since the profession
al training of islamic geometerastronomers, artisan
designers, and master builderarchitects was connected 
to the epistemologicalmetaphysical background of the 
mathematical sciences, it may not be unreasonable to 
suggest that starandpolygon patterns potentially reso
nated with cosmological notions of order and absolute 
beauty. such a resonance certainly permeates Kubanani 
Yazdi’s postface to the persian translation of the Geo-
metrical Constructions, capturing his conviction that 
geometry is a source of wisdom and truth capable of 
unveiling the wonders of the divine creation. he thus 
completed his translation by citing the following Ko
ranic verses: “those who contemplate the creation of 
the heavens and the earth” (3:191); and “he to whom wis
dom (ḥikma) is granted, truly he has received abundant 
good.” (2:269).149 

Nor is it a coincidence that Johannes Kepler (d. 1630), 
one of the first scholars in early modern europe to sys
tematically investigate regular and semiregular tessella
tions, was an astronomer who regarded the geometry of 
harmonic figures as the source of all order and beauty 
in the cosmos. drawing upon earlier sources that were 
also familiar in the islamic context, Kepler, in the first 
book of his Harmonice Mundi libri V (linz, 1619), quoted 
a statement by the Greek Neoplatonist philosopher 
 proclus (d. 485) concerning the importance of mathe
matics. in his commentary on euclid’s Elements, proclus 
wrote: “it reveals the orderliness of the ratios according 
to which the universe is constructed, and the proportion 
that binds together all that is in the cosmos.” the divine 
order of creation could thus be comprehended by 
 human wisdom through the arts of “measurement” 
(miṣāha) and geometry, a common notion in christian
dom and islamdom alike.150 

Just as some clever surveyors, architects and master 
artisans could become experts in geometry, several iraqi 
geometers are known to have participated as engineers 

Gülru Necipolu - 9789004315204
Downloaded from Brill.com02/26/2019 11:45:38PM

via Harvard University



GüLRU NECİPOğLU62

mathematical sciences did not deter certain individuals 
from acquiring crossdisciplinary skills and engaging 
with technologies in related areas. some scholars may 
find it difficult to imagine the extent and fluidity of such 
crossings, given the clearcut demarcation of modern 
disciplinary boundaries. i have argued here in favor of 
some instances of a twoway exchange between geom
eterastronomers and practitioners of ornamental ge
ometry, which cannot be reduced to a chickenoregg 
proposition. i also emphasized the often underestimat
ed agency of royal and elite patrons, overshadowed by 
a preference to privilege artisanal autonomy. these pa
trons sponsored some of the sitespecific occasions and 
locations in which creative exchanges took place. “actor 
networks” such as these certainly transcend the binary 
of “top down” or “bottom up” paradigms of cultural pro
duction.158 it is heartening to observe a mounting at
tentiveness to the multifaceted interfaces between the 
arts and sciences in current research on the visual cul
tures of premodern europe.159 collaborations in the 
islamic field between historians of science and philoso
phy, mathematicians, physicists, and art and architec
tural historians would likewise open up a vast arena of 
interdisciplinary inquiry, whose largely untapped pri
mary sources are still waiting to be discovered and scru
tinized. 

Aga Khan program for Islamic Architecture, 
department of History of Art and Architecture, 
Harvard university, Cambridge, Mass.

Notes

Author’s note: i thank melis taner for her unstinting help as 
my research assistant; Wheeler m. thackston for generously 
checking some of my translations; and farshid emami, elaheh 
Kheirandish, and peter J. lu for their valuable comments on a 
draft of this chapter. special thanks go to Karen a. leal, whose 
meticulous editing enhanced not only my own chapter but the 
volume as a whole.   
1. paris, Bibliothèque nationale de france, ms. persan 169, 

item 24, fols. 180r–199r. see catalogue entries in Blochet 
1912, no. 772, 41–47; and richard 1989, 183–87. 

2. Bulatov 1988 (first ed. 1978), and chorbachi 1989a. chor
bachi independently discovered this manuscript in 1971 
(161n3, 163n7). see also chorbachi 1989b; and chorbachi 
and loeb 1992. 

3. publications that engage with the Anonymous Compendium 
include, in chronological order: holod 1986; holod 1988; 

“ unenlightened and the vulgar.” in order to revive those 
studies, ample allowances were given to learned men, 
including literati, physicians, astrologers, arithmeti
cians, and engineers. hence, “the young were encour
aged to study and the old to instruct, talent had free 
scope, and there was a brisk market for ability.”155

in 988 ʿadud aldawla’s eldest son and successor, 
sharaf aldawla (r. 982–89), had an observatory built in 
the royal palace (dār al-Mamlaka) of Baghdad. there 
abu’lWafaʾ al-muhandis was among the luminaries 
who collaborated with the chief geometerastronomer 
abu sahl alQuhi (d. 1000).156 sharaf aldawla was suc
ceeded by his younger brother, Bahaʾ  aldawla, to whom 
abu’lWafaʾ dedicated his practical geometry treatise. 
as i have conjectured above, one of the gatherings 
(majālis) mentioned in that treatise, where artisans and 
surveyors interacted with geometers, may have taken 
place within the Buyid palace in Baghdad, in the pres
ence of his royal patron. in letters that he sent to his 
father in Kashan, the mathematicianastronomer Jam
shid alKashi described similar learned discussions in 
gatherings at which the timurid ruler ulugh Beg was 
present. through the generosity of this royal patron, 
who had been studying mathematics for over a decade, 
five hundred students began to learn this science in 
twelve locations in samarqand, the site of an observa
tory he had founded in 1420 on the model of its prede
cessor in maragha.157 it is not surprising, then, that a 
deluxe arabic manuscript of abu’lWafaʾ’s Geometrical 
Constructions was made around 1447–49 for this ruler’s 
library. 

in conclusion, it is overly skeptical to insist that the 
many documented intersections of theory and practice 
in the broadly defined domains of the mathematical 
sciences and aesthetic philosophy had little or no im
pact on artisanalarchitectural practice, or vice versa. in 
conjunction with the complexity of ornamental geo
metries in historical artifacts and buildings, the Anony-
mous Compendium and Topkapı Scroll are important 
documents providing sufficient evidence that such ex
changes must have occurred. the paris codex, which 
contains a persian translation of abu’lWafaʾ ’s Geometri-
cal Constructions and the Anonymous Compendium, 
therefore deserves closer examination as a collection 
that in itself attests to the pervasiveness of these inter
sections. demarcations between the visual arts and 
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erate laborers. the case of abu Zayd shows us that they 
were anything but. as potter, poet, scholar, and scribe, he 
created works of art that were designed to appeal to his 
contemporaries, who were as visually and literarily sophis
ticated as he was.” see Blair 2008, 155–76.

8. richard 1989, 183–87. see also the previous catalogue entry 
by Blochet 1912, no. 772, 41–47.  

9. ms. persan 169, item 23, fols. 141v–179v. discussed in 
Necipoğlu 1995, 133–39, figs. 99–103. i have now adopted 
the date for abu’lWafaʾ’s arabic treatise proposed by 
elaheh Kheirandish in her chapter in the present volume, 
titled “an early tradition in practical Geometry: the tell
ing lines of unique arabic and persian sources.” the date 
ca. 993–98 is suggested in raynaud 2012. for an arabic 
edition by Ṣāliḥ aḥmad alʿalī, see abū’lWafāʾ alBūzjānī 
1979. this and other problematic editions of the arabic 
and persian manuscripts are discussed in Kheirandish’s 
chapter.

10. abu’lWafaʾ’s work (whether the original arabic text or the 
persian translation) will henceforth be referred to through
out this volume as the Geometrical Constructions.

11. his full name was abu ishaq shaykhzadah b. Khadim al
Burhani alKubanani; his nisba relates him to Ku[h]banan, 
between Yazd and Kirman. on the postface and Kubanani 
Yazdi, see, in the present volume, chapter 4, alpay Özdu
ral’s “preliminaries”; the introduction by Gülru Necipoğlu, 
“in memory of alpay Özdural and his unrealized Book 
project”; and chapter 2, Kheirandish, “an early tradition in 
practical Geometry.” Kheirandish, who refers to Kubanani 
Yazdi as a “cotranslator,” partially translates his postface 
and discusses his life and works, using previously untapped 
primary sources. from a colophon she has established the 
date “post1483” for his scholarly activity. see also munzavī 
1969 (1348), 1:143, 152, 318, 368; rūḥ alamīnī 1990 (1369); 
and Karāmatī and Nigahbān 2009. 

12. in Blochet 1912, 46–47, the geometrical drawings accom
panying the persian translation of abu’lWafaʾ’s treatise 
and the Anonymous Compendium, as well as the whole 
codex are attributed to Kubanani Yazdi. this hypothesis is 
repeated in Özdural’s unpublished book without reference 
to Blochet. Kheirandish’s chapter affirms the likelihood of 
that hypothesis. on the alternative dates proposed for the 
copying of the paris codex as a whole, which range from 
the fifteenth century (alpay Özdural and priscilla soucek) 
to the sixteenth (francis richard) and seventeenth centu
ries (edgar Blochet), see the introduction to the present 
volume: Necipoğlu, “in memory of alpay Özdural.”  

13. the arabic codex inscribed with that verse and likely 
owned by Kubanani (paris, Bibliothèque nationale de 
france, ms. 4821) is discussed in rāshid 2013, 571–76. the 
annotation on fol. 8r is cited in 572–73.

14. see Bulatov 1988. for the suggestion that abu’lWafaʾ ’s trea
tise itself was written by a student of his from class notes, 
see Woepcke 1855.

15. according to chorbachi there is “no reason whatsoever 
to connect these two works”; the Anonymous Compen-
dium, dating from ca. 1200, remains both “anonymous and 
unique”: chorbachi 1989a, 160. she ascribed the latter to 

Golombek and Wilber 1988; Necipoğlu 1992; Necipoğlu 
1995; Özdural 1995; Özdural 1996; Özdural 1998; Özdural 
2000; Özdural 2002; hogendijk 2012; and Bier 2012 (also 
see her collected articles at http://works.bepress.com/
carol_bier/). debated issues will be referred to throughout 
this chapter.

4. Necipoğlu 1995, 123, 133, 146–50 (figs. 108–14), 168–73; see 
especially two chapters, titled “theory and praxis: uses of 
practical Geometry” and “manuals of practical Geometry 
and the scroll tradition,” 131–81. at the time i wrote my 
book, chorbachi’s dissertation was not accessible for con
sultation by readers. i have much benefited from reading 
it while preparing the present chapter. in her articles she 
translated the heading of the Anonymous Compendium as 
“on the interlocking of similar and congruent figures,” 
and “on interlocking similar and congruent figures.” i 
adopted the second version in Necipoğlu 1995, 133, but 
also referred to this source with the shorter modern title 
assigned to it in richard 1989, 183–87: Aʿmāl va ashkāl (con
structions and figures).  

5. see Necipoğlu 1995, 32–39, where i explained that a six
teenth century date and safavid provenance are less likely 
than a late fifteenthcentury timuridturkmen prov
enance, probably in or near tabriz. subsequent art his
torical studies have generally concurred with my attribu
tion; examples include roxburgh 2005, where the scroll 
is ascribed to late fifteenthcentury iran or central asia 
(433, cat. no. 223; 257–59, fig. 223; and overleaf). see also 
Golombek and Koch 2017. the topkapı scroll has recently 
been attributed to tabriz in the second half of the fif
teenth century on the basis of identical patterns appear
ing in the tilework decoration of monuments built for the 
Qaraqoyunlu and aqqoyunlu turkmen dynasties, around 
the region between tabriz and Yazd: “sans doute réalisé à 
tabriz, au cours de la seconde moitié du xVe siècle (vers 
1450–1460?), ce rouleau constitue la seule compilation de 
modèles décoratifs conserves pour la période qui nous 
interesse.” see aube 2017, esp. 268–72, citation at 72.

6. see, for example, saliba 1999, and allen 2004. exceptions 
include Berggren 2007, 515–675, who deals with the mathe
matics of practitioners (such as surveyors, builders, artisans 
in geometric design, tax and treasury officials, and some 
merchants), which was part of an oral tradition promoting 
a close relationship between theory and practice, unlike 
the classical Greek mathematical tradition. other excep
tions are Kheirandish, Bier, and Yousefi 2008, and studies 
by Bier, chorbachi, Kheirandish, Özdural, and hogendijk, 
cited in this chapter. 

7. see in particular Blair and Bloom 2006, 18, 25–27; and Blair 
and Bloom 2003, 171. in the latter article the authors criti
cize the use of primary written sources in my 1995 book on 
the Topkapı Scroll: “there is no reason to believe that the 
literate milieus that produced texts were identical to those 
that produced works of art.” these milieus were obviously 
not identical, but they did intersect, as Blair herself admits 
in a later article on the iranian potter abu Zayd Kashani 
(turn of the thirteenth century): “We sometimes envision 
medieval craftsmen as anonymous, impoverished, and illit
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19. see J. sesiano, s.v. “Wafḳ,” Encyclopaedia of Islam, new Edi-
tion (leiden: Brill, 1954–2004). interestingly sesiano illus
trates the same magic square in fig. 10. euclid is cited in 
“constructions by abu Bakr” on fol. 126v and ptolemy on 
fol. 129v of the paris codex. 

20. the marginal gloss on fol. 135v is also mentioned in richard 
1989, 187; and, in the present volume, by Özdural, “prelimi
naries” (chapter 4), and Kheirandish, “an early tradition in 
practical Geometry” (chapter 2). alJurjani was the teacher 
of the ottoman mathematicianastronomer Qadizada al
rumi (ca. 1364–1436), who became the tutor of the timurid 
prince ulugh Beg (1394–1449) in samarqand and eventu
ally the head of that city’s royal observatory, which was 
 modelled on the mongolilkhanid observatory in maragha: 
see Bāqirī 1997; Kennedy 1960. 

21. in Necipoğlu 1995, 168–70, i suggested that parts of the 
Anonymous Compendium may have been modified while 
it was being copied, most likely by Kubanani Yazdi in the 
fifteenth century. accepting Bulatov’s eleventhcentury 
dating of the Anonymous Compendium, Golombek and 
Wilber 1988, 1:159, hypothesized that some designs might 
have been added in the timurid period. 

22. see Necipoğlu, “in memory of alpay Özdural,” and Özdural, 
“preliminaries,” in the present volume. see also Özdural 
2000, 172n4: “according to the information kindly provided 
by mohammed Bagheri and mehran akhbarifar (both of 
tehran), abū Bakr alKhalīl is cited as the father of the 
copyist of a manuscript in mashhad. since the manuscript 
was copied in 1327–28, abū Bakr alKhalīl must have been 
active around 1300.” 

23. for the two treatises on surveying in arabic and persian, 
copied in 728 (1327–28) in the hand of ʿali b. alKhalil al
tajir and bound together in the same codex (mashhad, 
Āstāni Qudsi rażavī library, ms. 5429), see, in the pres
ent volume, Kheirandish, “an early tradition in practical 
Geometry.” she explains that Özdural’s two informants 
(see n. 22 above) had mentioned the fatherandson rela
tionship to him as a conjecture, one that still remains 
unconfirmed. Kheirandish also discusses the authorship 
and contents of the surveying manuscript in mashhad.

24. ibn alNadīm 1970, 1:667–68.
25. on this codex (saint petersburg, library of the oriental 

institute, ms. B 2139), comprising mathematical works in 
arabic and the name of the copyist, see rāshid 2013, 504. 
rashid does not mention abu Bakr’s works in the paris 
codex (ms. persan 169).  

26. i am assuming that abu Bakr b. alKhalil altajir was not 
the son of abu Bakr alKhalil altajir, which would seem 
rather farfetched. see Kheirandish’s chapter in the present 
volume and n. 90 below for the suggestion of a possible 
connection between the Anonymous Compendium and the 
environs of Yazd.

27. rāshid 2013, 504.
28. on ibn alhaytham, see ibn alhaytham 1989 (ed. sabra).  
29. discussed in rāshid 2013, 504.
30. trained in the religious, mathematical and medical sci

ences, ʿimad aldin ʿabdallah b. muhammad b. ʿabd al
razzaq b. alKhawwam alBaghdadi was a preceptor of the 

iraq sometime before 1180–1230, on the basis of a pentago
nal star depicted in it (fol. 180r [1]), which also appears in a 
decorative panel at the socalled abbasid palace in Bagh
dad, built approximately between those dates (see my fig. 
20a): chorbachi and loeb 1992, 752–54. chorbachi noted a 
revived interest in abu’lWafaʾ ’s practical geometry treatise 
at that time in iraq: in mosul, a commentary was written 
on it by Kamal aldin musa b. Yunus, known as ibn manʿa. 
on the ilkhanid provenance and date proposed by Özdural, 
see his “preliminaries” (chapter 4 in the present volume), 
and my summary of his book manuscript in “in memory of 
alpay Özdural.” 

16. Bulatov 1988 regarded the Anonymous Compendium as a 
textbook explicating the basic methods of applied geom
etry and geometric ornament, dating it to the eleventh 
century. according to chorbachi 1989a, this primary source 
furnishes evidence for a “direct meeting between the arti
sandesigners and geometricianscientists,” in which the 
former enlisted the help of the latter as teachers who estab
lished “practical geometry as the basis for artistic precision, 
ensuring high quality of geometric designs.” Özdural inter
preted the same source as a product of the “collaboration” 
between artisans and mathematicians: see in this volume 
Necipoğlu, “in memory of alpay Özdural,” and Özdural, 
“preliminaries.” Jay Bonner, a design consultant specializ
ing in islamic architectural ornament, concurs with Özdu
ral’s views in his forthcoming book: “one is led to conclude 
that this treatise was the work of multiple individuals with 
variable levels of both mathematical proficiency and geo
metric design skills.” i thank him for having shared with 
me the second chapter, titled “Geometric diversity and 
design classification,” of his forthcoming book. hogendijk 
suggests that the Anonymous Compendium would have 
been used under the guidance of a competent teacher and 
was “probably the work of one or more craftsmen because 
it agrees with most of what abu’lWafāʾ says about their 
methodology.” he recognizes that “we cannot exclude the 
possibility that a few mathematicians were also involved 
in the design and construction of geometric ornaments”: 
hogendijk 2012, 38–39, 42.

17. i thank Wheeler thackston for pointing out that the 
 spel ling of the second title shows that the writer did not 
have a good command of arabic. see ms. persan 169, item 
16, fols. 108r–118v; and item 19, fols. 124v–138v. i have briefly 
discussed these two treatises, which i examined in paris: 
see Necipoğlu 1995, 168–69. later on, excerpts from the 
Anonymous Compendium and other works of the paris 
codex were posted on mandragore, the library’s website 
for manuscripts: http://mandragore.bnf.fr/jsp/recherche
experte.jsp (under “cote,” search for “persan 169”).

18. on the differentiation between “constructive geometry” 
and “practical geometry” in the latin West in the middle 
ages, see shelby 1972, and shelby 1977. While works in both 
fields omitted proofs, the former had little use for arithme
tic, and its “mind set” differed from that of computational 
practical geometry. on the use of geometric design meth
ods in Gothic architecture, see also Bucher 1972, and Bork 
2011. 
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an english translation of alfarabi’s discussion of the sci
ence of mechanical devices (ḥiyal) in saliba 1985, 145–46. 
alfarabi’s and alʿamiri’s classifications of mathemati
cal sciences and their discussions of geometry are cited in 
Necipoğlu 1995, 132–33. 

37. see chapter 3 (“a mathematical classification”) in the pres
ent volume, where hogendijk examines the marginal small 
pentagon (fig. 6).

38. Because Özdural interprets the term “ustādān” as “artisans” 
rather than “masters,” and assumes that they were seeking 
help from the geometers, constituting a separate group, 
his conclusion that the two groups were participating in a 
collaborative working session is questionable. 

39. see Özdural’s interpretation of this construction in his 
unpublished book (pls. 30 and 31 in the present volume), 
and hogendijk’s analysis (chapter 3, “a mathematical clas
sification,” figure 11), in the present volume.  

40. in the Anonymous Compendium, some phrases use numer
als and others have the number written out; the quotations 
above correspond to the way they appear in the original 
document. see the glossary in this volume for the angle 
measurements corresponding to these lines, mentioned 
in ms. persan 169, fols. 193v [44]; 194v [48]; 195v [54]; 196r 
[55]; and 190v [35]. 

41. hogendijk, “a mathematical classification” (chapter 3 in 
this volume), classifies patterns constituting variants of 
kiteshaped quadrangles. for set squares, see the glossary 
in this volume.

42. the pattern in Zuzan is discussed in Bonner’s forthcoming 
book, chapter 2, fig. 112a–d. i found the similar pattern in 
sivas in an illustration of mülayim 1982, 136, pl. 22, fig. 136. 
the pattern in mashhad is cited and redrawn by Özdural. 
Bonner argues that since the same pattern can be more eas
ily generated by an underlying tessellation of squares and 
triangles, abu Bakr and his associates were either unfamil
iar with the less complex approach or “cared not to reveal 
it.” 

43. for these terms and related designs, see Necipoğlu 1995, 
170–71. Versions of this decorative pattern in later six
teenth and seventeenthcentury monuments of isfahan 
are analyzed mathematically in cromwell and Beltrami 
2011, where it is assumed to have been inspired by math
ematical diagrams (p. 85). 

44. chorbachi 1989b, 460–62, fig. 6.3 on 762; and 764, fig. 8 on 
766.

45. these woodwork examples are found in the afyon ulu 
cami (1272), the Beyşehir eşrefoğlu camii (1297–99), and 
the hamid camii in Çorum (fourteenth century). their pat
terns are redrawn in a plate (tafel 16) in schneider 1980, 96 
(nos. 180–82), 176. 

46. unlike Özdural, Bonner finds the tessellation generated by 
this particular repeatunit “unsatisfactory” as a decorative 
pattern (fol. 185v [18], pl. 16.3) because the hexagonal stars 
and octagons are irregular. he observes that an idealized 
version of the same pattern with regular hexagonal stars 
and octagons was used as a generative tessellation for an 
ornamental design in the entry portal of the sultan hasan 
complex in cairo (1356–63). see Bonner forthcoming, figs. 

sons of ministers and princes in isfahan around 1277; by the 
beginning of the fourteenth century he taught shafiʿi fiqh at 
the dar aldhahab in Baghdad. on his life and works, see 
rozenfel’d and İhsanoğlu 2003, 231, no. 657; and abdelja
ouad and hedfi 1986, 159–77, esp. 159. i thank Kheirandish 
for bringing to my attention the following source, which 
gives additional information on ibn alKhawwam’s pres
ence in isfahan: Qurbānī 1986–87 (1365), 23–24. 

31. for ibn alhaytham’s treatises on the regular heptagon 
and his “completion of the conics,” see hogendijk 1985; 
and rāshid 1979. Özdural argued, rather dubiously, that 
the related pattern in the Anonymous Compendium cor
responds to the definition of a special rightangled triangle 
offered by ʿumar Khayyam, and that the scribe “attributes 
it wrongly to ibn alhaytham”: see Özdural 1998, 702. in 
“analyses,” the second chapter in his unpublished book 
(pp. 150–51, 267), the presumed misattribution is uncon
vincingly explained as a scribal error, due to the “similarity 
between the pronunciations of ‘Khayyam’ and ‘haytham’,” 
because Özdural believed that none of ibn alhaytham’s 
treatises addressed this type of triangle. for a different 
view, see chapter 3 in this volume, by Jan hogendijk, “a 
mathematical classification of the contents of an anon
ymous persian compendium on decorative patterns,” 
where he suggests that both ibn alhaytham and ʿumar 
Khayyam may have written treatises on that triangle. see 
chorbachi 1989a, 272–73, for two possibly relevant works 
by ibn alhaytham: “a passage in Which lemmas are laid 
down for the construction of [conic] sections by mechani
cal means” (florence, Biblioteca medicealaurenziana, ms. 
or. 152, fols. 97v–100r), and “an epistle on the properties of 
the triangle in respect of its height,” copied in mosul in 
632 (1234) and published in hyderabad in 1947 (see ibn al
haytham 1947). chorbachi explains that the second treatise 
describes a rightangled triangle whose “base plus its height 
is equal to the height of the original triangle (x:y:√3)”: when 
illustrated, this shows a conic shape inscribed in an equi
lateral triangle (fig. 7, p. 591).

32. discussed in rāshid 2013, 470–568, esp. 470–72. 
33. discussed in ibid., 471–503, 513–64.  
34. cited from ibid., 559. the extract, without proofs, is trans

lated on pp. 559–64: “account of the procedures for mea
surement set out in this treatise.”

35. see rāshid 2013, chapter on “practical Geometry: measure
ment,” 469–568. on the “mixed” sciences, see also Khei
randish 2006, and Kheirandish 2013. she explains that the 
“mixed sciences” are generally associated with such math
ematical disciplines as astronomy, harmonics, optics, and 
mechanics because of their strong natural/physical com
ponent. coined recently, this term was initially applied to 
astronomy, a field sharing mathematicalnatural sciences 
such as optics and mechanics. i am using the term here 
in a broad sense, with reference to “mixed” subfields of 
mathematics such as surveying, mechanics, engineering, 
and construction.

36. on alfarabi’s classification in the Iḥṣāʾ al-ʿulūm and the 
“mixed” sciences, see rāshid 2013, the chapter on “practi
cal Geometry: measurement,” 469–568, esp. 469. see also 
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administrators Need of the science of arithmetic). see  
saidan 1971. 

56. the tenth century was “one of the most active periods of 
geometrical research in medieval islam,” during which 
Buyid kings and viziers supported the work of celebrated 
geometers: Berggren 2003. 

57. rāshid 2013, 300; and rāshid 2005, 1–4. despite evidence 
to the contrary, terry allen argues that “geometry was not 
necessarily part of a cultured man’s education,” in allen 
1988, 36. 

58. on some of these works, see rāshid 1979; hogendijk 1981; 
hogendijk 1984; and hogendijk 1985.  for treatises on 
constructing a regular heptagon and a nonagon, and on 
inscribing the pentagon in a square, see Berggren 2007, 517, 
552, 580–87.

59. discussed in Necipoğlu 1995, 104–8, fig. 93; and tabbaa 2001, 
44–48, figs. 14 and 15. 

60. see hogendijk 2008, 121; hogendijk 2012, and his chapter 
in the present volume. he suggests that the “heptagonal 
tiling” may have been invented by ʿumar Khayyam (d. 
1131), who lived in isfahan at that time. this hypothesis 
echoes that of Özdural, according to whom the same poet
mathematician contributed to the design of the pentagonal 
stellate pattern that decorates the inner surface of the brick 
cupola crowning the North dome in isfahan. Özdural iden
tified the special rightangled triangle that generated this 
stellate pattern, issuing from a central pentagon, as the one 
on which ʿumar Khayyam wrote a treatise in response to 
a question posed at a meeting. although the author of the 
treatise only remarks on the high status of that meeting 
and of the one who posed the question, Özdural assumed 
that this was a conversazione between mathematicians 
and artisans/architects in isfahan. in 1073 the seljuk sul
tan malikshah invited ʿumar Khayyam to the city and put 
him in charge of a new observatory there: see Özdural 1995, 
60–63, and Özdural 1998, 702–3. 

61. another tympanum panel, comprising hexagonal and pen
tagonal stars with regular hexagons, has been identified as 
a version of a pattern featuring only hexagonal stars, whose 
repeatunit is included in the Anonymous Compendium 
(fol. 193r [43]). see Bonner’s forthcoming book, chapter 
2, fig. 309a–b, where he describes these two patterns as 
“nearly identical,” since he focuses on their similar gen
erative polygonal grids, rather than on the final patterns 
produced by those grids, which are less alike. 

62. i am grateful to farshid emami for bringing this pattern 
and its archival photograph to my attention. similar pat
terns with terracotta units and painted plaster inlays, 
which sequentially combine stars with differing numbers 
of points, appear on the mihrab of the seljukperiod friday 
mosque (1105) in Barsian near isfahan. its patterns featur
ing pentagonal, hexagonal, heptagonal, and octagonal stars 
come close to those of the nearby North dome of the friday 
mosque in isfahan (1088–89).

63. on fatimid examples of woodwork cited as evidence 
against the dissemination of geometric ornament from 
neighboring abbasid and seljuk realms (the earliest being 

70a–c, and 413a–b. “special triangleskite shapes” in the 
Anonymous Compendium are analyzed in chorbachi 1989a, 
267–76; see also hogendijk, “a mathematical classifica
tion” (chapter 3 in the present volume). 

47. see chapter 10 in abū’lWafāʾ alBūzjānī 1979; and the per
sian and french translation in abū’lWafāʾ alBūzjānī 2010, 
esp. 217–29. 

48. Özdural writes that the inclusion of the two diagrams in 
that treatise “appears as a natural product of the discus
sions between mathematicians and artisans, rather than 
belonging to a work of mensuration.” see Özdural 2000, 182, 
186–88 (figs. 9a, 9B); and “analyses,” the second chapter in 
his unpublished book, pp. 61–62. for another interpreta
tion of these two patterns, see chapter 2 in this volume: 
Kheirandish, “an early tradition in practical Geometry.”

49. hogendijk also suggests the possibility that the Anonymous 
Compendium may contain sections copied from earlier 
sources: see hogendijk 2012, and his chapter in the present 
volume. a similar conjecture was made earlier in chorba
chi 1989a, 163, who suggested that it could be the “fragment 
of a previously complete text.” elsewhere she argued that 
its errors show that it was copied and “thus there must have 
been another manuscript like it”: see chorbachi 1989b, 777. 
in chapter 2 of his forthcoming book, Bonner hypothesizes 
that the Anonymous Compendium was likely produced 
sequentially, and quite possibly over several centuries, 
from the time of the seljuks around the twelfthcentury to 
that of the Khwarazmshahs and timurids.  

50. see raynaud 2012, where he observes that twothirds of the 
geometric constructions in abu’lWafaʾ’s treatise appear 
in renaissance works on practical geometry, though not 
necessarily based on it directly. 

51. cited and discussed in Özdural, “preliminaries” (chapter 
4 in the present volume). see Özdural 2000, 173–85, and 
193–200, for the translation and the arabic text (istanbul, 
süleymaniye library, ms. ayasofya 2753, fols. 52–53); also 
published in Berggren 2007, 611–15. the same passage was 
translated and interpreted much earlier in chorbachi 
1989b, 766–67, as referring to an “assembly of scientist
geometricians and artisans” in which “the two groups 
arrived at different methodologies for the construction 
of one square from the sum of three squares.” see also 
 Kheirandish’s transcription and translation of the whole 
passage in her chapter in this volume.

52. “cutandpaste” constructions are defined by Jens hayrup 
as denoting “methods in which two planes are shown to 
be equal by dividing each of them into collections of pair
wisecongruent figures”: cited in Berggren 2007, 517n3. the 
modern term “cutandpaste” is adopted in hogendijk 2012 
and his chapter in the present volume (“a mathematical 
classification”), and in Özdural’s unpublished book.

53. see translation and arabic text in Özdural 2000, 173–85, 
193–200.

54. Bergé 1979, 171, 173–74, 203–6.
55. discussed in Necipoğlu 1995, 157–58: Kitāb al-Manāzil  

fī mā yaḥtāju ilayhi al-kuttāb wa al-ʿummāl min ʿilm 
al-ḥisāb (Book of the stations on What the secretaries and 
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sectarian boundaries in shrines, see mulder 2006; mulder 
2014. 

67. for “actornetwork” theory, see latour 2005.    
68. there is no reason to assume, however, that the earliest 

extant manuscript necessarily has the “correct” version of 
the original title. the title of the very humble ca. 600 (1203) 
manuscript in cairo (dār alKutub almiṣriyya, ms. 260 
[31024], 1: 1r–58v) may even have been coined by or for 
the artisans who used it in woodwork. perhaps deriving 
from it, a later arabic manuscript in cairo (dār alKutub 
almiṣriyya, ms. 366 [44795], 46 fols.) is dated 831 (1427) and 
bears the same title. see Kheirandish’s chapter in the pres
ent volume (“an early tradition in practical Geometry”), 
where she discusses the five known arabic manuscripts 
and published editions. however, a systematic compara
tive study of these manuscripts has not been attempted 
thus far.

69. the two “early” persian translations, with no date or 
place, are titled Īn Kitāb-i ustād Abū al-Wafāʾ Muḥammad 
ibn Muḥammad al-Būzjānī dar Ānch/ Ānchih ṣunnāʿ va 
muḥtarifa bi ān muḥtāj bāshand az aʿmāl-i handasa va īn 
kitābrā Kitāb-i nijārat khwānand: mashhad, Āstāni Qudsi 
rażavī library, ms. 5264 (twelfththirteenth centuries?), 
and tehran university, central library, ms. 2876 (elev
enthtwelfth centuries?). see Kheirandish’s chapter on 
these manuscripts. for Āqāyānīchāvushī’s persian edition 
and french translation of the tehran manuscript, without 
comparison to its counterpart in mashhad, see abū’lWafāʾ 
alBūzjānī 2010.

70. istanbul, süleymaniye library, ms. ayasofya 2753.
71. see the abbreviated persian version of this preface (teh

ran university, central library, ms. 2876) in abū’lWafāʾ 
alBūzjānī 2010, 37–38, 123. i am grateful to himmet 
taşkömür for the following transcription and translitera
tion of the arabic preface: istanbul, süleymaniye library, 
ms. ayasofya 2753, fol. 1v:  م�ح�م�د �ن�ن  م�ح�م�د  �ن�ن  م�ح�م�د  ء  �لو��ن�ا ا �ن�ي 

أ
ا �ن  �ا

ي
ك� ا   �ه�دن

�ن�ا �م�مي�مث��ل��ي �م�ا ر��س���م�ه �مولا ��س�هي ��ي�د ا ��ل�ه�من�د ل ا �ع�م�ا
أ
ع �م��ن ا

�ن ��ل��ص�ا �ل��ي�ه ا �مي���م�ا �ي�ح�مي�ا�ن اأ
�ي ��ن

�ن �ا �ن ورن �ل��ن  ا
�ث �مي�ا

��ن و  �ل���م��ل�هي  ا ء  �مي�ا
��من و  و�ل�هي  �ل�د ا ء  �ه�ا �لن �ل���م��نل��صور  ا  

ّ
�ل �ن

أ
لا ا �ل��س����مي�د  ا ه  �ا �ن��سث �ه�ا �ا ��سث �ل���م��ل�ك   ا

�ي
�ل��ي �ي ا

�ن �ل���م�ع�ا �ي ا �ا ��ث�ن �ن�ه- �م��ن اأ ر�ي�ه و ��س��لل�ط�ا ه و ��ي�د �م ع�لا ا د
أ
ه و ا �ل��ل�ه �ن���هي�ا ل ا ط�ا

أ
�م�هي –ا

أ
لا  ا

��ل���م�من�اع ��ل�ه�ا ���من�د ا ��س����مي�ع���م�ا ر ا
�ي �ي��ك��ث

�ل��ي ��س����مي�هي ا ��ل�ه�من�د ل ا �ع�م�ا
أ
لا �ل��ي�هي �م��ن ا �ل�ع�ا ر�ي�ه ا

ا�لر �ن�حل���ن  ��ي�ي�دن
�ن  ك�ا

�ع��ل��ي �ه���م طر�ي���هي�مي�ه و �ح��ن ر�ن ع��ل��لي
و�ل�ه و �ي����ي ��ل���م�من�اع ��ي�ن�ا �ه��ي�ن �ل��مي���ل�ه�ل ع��ل� ا �ل��نرا �ل�ع��ل�ل وا اً �م��ن ا رد  م��ن

�ن�اً ر �ن�ا �ن �ث��ل��ث�هي �����ث �ا
ي
�ل�ك�  ا

  Transliteration: Hādhā kitābu Abī al-Wafāʾ Muḥammad 
bin Muḥammad al-Būzjānī fī-mā yaḥtāju ilayhi al-ṣāniʿu min 
aʿmāl al-handasa. Qad imtathaltu mā-rasamahu mawlānā 
al-maliku shāhinshāh al-sayyid al-ajall al-manṣūr bahāʾ al-
dawla wa ẓiyāʾ al-milla wa ghiyāth al-umma - aṭāla allāhu 
baqāhu wa adāma ʿalāhu wa qudratahu wa sulṭānahu- 
min ithbāt al-maʿānī allatī kāna yatadhākaru bi-ḥaẓratihi 
al-ʿāliyati min al-aʿmāl al-handasiyyati allatī yakthuru 
ʾstiʾmāluhā ʿinda al-ṣunnāʿi mujarradan min al-ʿilal wa 
al-barāhīn li-yusahhila ʿalā al-ṣunnāʿi tanawula‚ wa yuqar-

a minbar commissioned by the vizier Badr alJamali in 
1091–92 for a shrine in ascalon, and the rest dating from the 
twelfth century), see Bloom 2009; and o’Kane 2013. o’Kane 
even claims that “the fatimids were leaders in the devel
opment and use of geometric ornamentation, embracing 
it before any other dynasty,” thus underestimating the 
 disappearance of relevant objects and monuments from 
the Buyid and seljuk periods in and near Baghdad. tabbaa 
argues more reasonably that even though some geometric 
woodwork was known in fatimid egypt, it only became 
widespread under the ayyubids: tabbaa 2014, 188–215; and 
Korn 2004. 

64. for the reference to making “geometry manifest,” see Bier 
2016, “Geometry made manifest: reorienting the historio
graphy of ornament on the iranian plateau and Beyond,” 
which she kindly shared with me. the likely origin of coni
cal muqarnas domes is iraq, the earliest extant example 
being the imam dur mausoleum near samarra, which dates 
from 1088 and is coeval with the North dome in isfahan: 
see tabbaa 2001, 103–36.      

65. see Necipoğlu 1995, 92–126; tabbaa 2001, 73–136; tabbaa 
2008; and Balbale 2017. Balbale disagrees with Jonathan 
Bloom’s hypothesis that a wooden almoravid minbar 
(begun in cordoba in 1137 and completed ca. 1147) exem
plifies a cordoban tradition. instead, she connects its geo
metric strapwork patterns, featuring octagonal stars and 
irregular polygons, to almoravid traditions in North africa, 
inspired by the eastern abbasid tradition and expressing 
political allegiance to the caliphate in Baghdad. see Bloom 
1998, 3–30, esp. 21–25. on the a priori assertion that the 
use of geometric strapwork ornament in the shiʿi fatimid 
 context is sufficient evidence for the absence of any con
textspecific associations, see Bloom 2009, 135; and o’Kane 
2013, 324–25. see also Bloom 1998, 29n62, for the state
ment that “[t]he presence of geometric strapwork designs 
on woodwork ordered by shiʿite and sunni patrons alike 
should put to rest Necipoğlu’s thesis…that contemporary 
patrons saw in such patterns any ideological content.” his 
statement distorts the argument of my 1995 book, accord
ing to which this mode of geometric ornament was initially 
associated with allegiance by the seljuk and seljuk succes
sor states to the abbasid caliphate in Bagdad, rather than 
with sectarianism per se, and that its associations were 
adapted to new contexts as it spread further in time and 
space.  

66. see tabbaa 2017, in which he divides the late Baghdad 
caliphate into two periods: the period of seljuk domina
tion and sunni revival (1055–ca. 1150), and the period of 
the resurgent abbasid caliphate and sunni ecumenism 
(ca. 1150–1258). in his chronicle, miskawayh (ca. 932–1030) 
describes the measures taken by the twelver shiʿi Buyid 
amir ʿadud aldawla (r. 949–83) against religious faction
alism: ismaʿili (sevener shiʿi) fatimid missionaries were 
expelled and their activity in Baghdad curtailed. sunnis and 
shiʿis thereafter mingled together in their visits to shrines 
and oratories due to suppressed factionalism: see donohue 
2003, 80–81. for a nuanced interpretation of the blurring of 
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the Topkapı Scroll as primary sources for the “mathematics 
of practitioners,” where figures are more informative than 
texts. on constructive geometry in the latin West, see n. 
18 above. the inappropriate term “academic geometry” is 
used in another critical review of my book: see allen 2004 
(which is titled “islamic art and the argument from aca
demic Geometry”).

82. see allen 2004, and saliba 1999.
83. for the translation and arabic text, see Özdural 2000, 173, 

194. a new translation is provided in the chapter in the 
present volume by Kheirandish.

84. concerning abu’lWafaʾ ’s account of gatherings, chorbachi 
observed long ago that “[i]t was the artisans and the archi
tects who called for the services of science and scientists to 
assist them in solving the design problems that they were 
facing.” see chorbachi 1989b, 788. 

85. discussed in chorbachi 1989a, 130–39; abū’lWafāʾ 
alBūzjānī 2010, 99–100, 126–27, 132–33. 

86. discussed in chorbachi, 1989a, 129–30, 140–41; abū’lWafāʾ 
alBūzjānī 2010, 22–28, 105–7, 152–68.   

87. for a discussion of the problem of constructing a square 
brick, see the persian text and its french translation in 
abū’lWafāʾ alBūzjānī 2010, 229, and other related prob
lems in 221–43. see also chorbachi 1989a, 132–36, 142–44; 
Berggren 2007, 612–16.   

88. abū’lWafāʾ alBūzjānī 2010, 105–113, 221–49.
89. ibid., 221–33.
90. in her chapter in this volume, Kheirandish points out the 

similarity between the term tadākhul, used in the Anony-
mous Compendium’s heading, and that of a persian text 
on surveying copied in 728 (1327–28) by ʿali b. alKhalil 
altajir: Fī al-Saṭḥ al-mutadākhil (on inscribed surfaces). 
she explains that the latter is an addendum to the persian 
translation of an arabic treatise on surveying preserved in 
the same codex in mashhad. she attributes both the trans
lation and the addendum to abu alfath alYazdi (ca. 1300), 
probably a contemporary of the copyist, ʿali b. alKhalil al
tajir. Noting the author’s connection with Yazd, she points 
out that muhammad Baqir Yazdi, the seventeenthcentury 
commentator on abu’lWafaʾ’s Geometrical Constructions 
in persian, was also from Yazd, as was Kubanani Yazdi who 
completed the persian translation of abu’lWafaʾ’s treatise 
preserved in the paris codex.  

91. Blochet 1912, 42; richard 1989, 184: see ms. persan 169, item 
5, fols. 37v–41v. the arabic root “dakhala” has a range of 
meanings, including the entering, inscribing, or insertion 
of one thing into another; to enter, join, mesh, or interlock. 
in persian and arabic mathematical texts tadākhul refers 
to a pair of numbers in which one is “contained” in the 
other a number of times.  in other words, two numbers are 
“mutadākhil” if one is a divisor of the other; the text in the 
paris codex uses the pair “4, 20” as an example.   

92. chorbachi 1989a, 318. unlike Bulatov, who mathemati
cally analyzed nearly all the geometrical constructions in 
the Anonymous Compendium, chorbachi focused on ten 
constructions but based her astute analyses on the manu
script’s incised construction lines, which were invisible on 
the microfilm used by Bulatov.

riba ʿalayhim ṭarīqatahu wa jaʿaltu al-kitāba thalāthata 
ʿashara bāban.

72. in her chapter in the present volume, Kheirandish provides 
her own translation and interpretation of the arabic pref
ace in ms. ayasofya 2753. While it can be argued that the 
treatise addresses the author’s patron and courtly circles, 
rather than artisans, who were unlikely to be addressed in 
textual form, i see little reason to doubt the stated inten
tion of the preface. some master artisans and surveyors 
were certainly literate to some degree; moreover, the geo
metrical constructions themselves provide sufficient visual 
information in most cases.

73. ibn Khaldūn 1967, 2:360–61. cited and discussed along with 
other sources that assigned the epithet “al-najjār” to euclid 
and apollonius of perga, in Necipoğlu 1995, 153–54. 

74. see Kheirandish’s chapter in the present volume for these 
manuscripts. 

75. ibn Yunus indirectly communicated with the latin West 
via the answers he gave to the scientific questions posed 
by emperor frederick ii to arabic scholars, and through 
his students, ʿalam aldin and theodore of antioch: see 
raynaud 2012, 25; and Burnett 1995. the commentary by 
ibn Yunus (mashhad, Āstāni Qudsi rażavī library, ms. 
5357) is discussed in chorbachi 1989a, 6, 148–51, 447. she 
suggests that this work was probably dedicated to salah al
din in 1187–93. according to chorbachi, the date is not eas
ily legible on the manuscript that was copied in maragha 
either in 608 (1211–12) or 680 (1281–82). Kheirandish adopts 
the latter date based on close examination and the library 
catalogue.  

76. on ibn Yunus’s commentary, see raynaud 2012, 25–28; and 
chorbachi 1989a, 148–51. the arabic commentary in the 
margins of ulugh Beg’s manuscript is ascribed to abu’l
Qasim alandijani and dated to the fifteenth century in 
chorbachi 1989a, 154–56, 270. a more likely attribution 
was recently suggested by rushdi rashid, who has iden
tified the commentator as ahmad b. ahmad b. Jaʿfar al
Ghundijani, a geometer who lived in the second half of 
the eleventh or the beginning of the twelfth century: see 
rāshid 2005, 13n36. on p. 142, rashid also mentions a trea
tise on burning mirrors by alGhundijani, copied in 690 
(1291). muhammad Baqir Yazdi’s much later commentary 
is discussed in Kheirandish’s chapter, along with that of ibn 
Yunus.

77. on these differences, see raynaud 2012, 25–28; and chorba
chi 1989a, 148–51, who cites the reference to woodworkers.

78. cited from the translation and arabic text provided in 
Özdural 2000, 173–85, 193–99. for the contents of this work, 
see also its persian version, which is accompanied by a 
french translation in abū’lWafāʾ alBūzjānī 2010. 

79. for the observation that artisans were not always informed 
about or receptive to the advice of mathematicians such 
as abu’lWafaʾ, and that they continued to make errors 
thereafter, see Özdural 1995, 66–67. 

80. saliba 1999, 643. 
81. see Berggren 2007, 611–20: he presents abu’lWafaʾ’s prac

tical geometry treatise, the Anonymous Compendium, and 

Gülru Necipolu - 9789004315204
Downloaded from Brill.com02/26/2019 11:45:38PM

via Harvard University



A Persian Compendium at the Intersection of the Visual Arts and Mathematical Sciences 69

and octagonal stars on the mihrab of the seljukperiod 
friday mosque (1105) in Barsian near isfahan (fig. 332). 

99. the term ʿaqd appears in fols. 185v [17, 18], 187v [26, 27], 
188v–189r [30, 31], 190r [34], 190v [35], 191r–191v [36], 193v 
[44], 194r [45], and 194v [48].

100. Necipoğlu 1995, 172–73. 
101. Based on Özdural’s identification in “analyses” (chapter 

2 of his unpublished book), 78–87, 178–79, hogendijk’s 
chapter in the present volume classifies those three con
structions as muqarnas vaults. the muqarnas design on 
a wall of the armenian monastery (astvatsankal monas
tery, armenia) subsequently disappeared: see Ghazarian 
and ousterhout, 2001, 141–54; figs. 11–13. on pp. 148–50 are 
measured drawings and reconstruction diagrams of the 
nowlost drawing. for primary sources on the muqarnas, 
see Necipoğlu 1995, 4–27, 44–50, 159–60, 179, 350, 353, 359, 
and 173, as well as alasad’s appendix on “the muqarnas: 
a Geometric analysis,” 349–59. also see doldsamplonius 
1992; doldsamplonius 1996; and doldsamplonius 2003.

102. see hogendijk, “a mathematical classification,” chapter 3 
in the present volume, figs. 8–10.  

103. on these translated sources, see hogendijk 1986; hogendijk 
1993; and Necipoğlu 1995, 138–39, 177nn18–19. sections from 
Book ii of euclid’s Elements are in ms. persan 169, item 13, 
fols. 102v–104v.  

104. this numerical table recalls two purely theoretical treatises 
by ibn alhaytham, in which he calculated the angles of 
all possible triangles for constructing a regular heptagon, 
solved by the intersection of two conic sections, a parabola 
and a hyperbola. this parallel has been suggested by Özdu
ral (pl. 13.2). for ibn alhaytham’s two treatises on the hep
tagon, see rāshid 2013, 360–65, 383–84. 

105. on these set squares and design principles, see chorbachi 
1989a, 207–10, 259, 265; and Özdural, “synthesis,” the third 
chapter in his unpublished book, p. 273. this construction 
is analyzed in hogendijk’s chapter (“a mathematical clas
sification”) in the present volume (fig. 7).

106. unlike Özdural, i prefer to interpret “kātib” literally, as a 
reference to the scribe or copyist. in “analyses” and “syn
thesis,” the second and third chapters of his unpublished 
book (pp. 156–60, 236, 258–59, 271–72), he proposes to read 
this as a name, “Kātib or Kātib[ī]” that has been spelled 
incorrectly. Özdural is inclined to identify him as ʿali b. 
ahmad Katibi, the designer of a lustertile mihrab in the 
shrine of imamzada Yahya at Varamin (1305), in support 
of what he sees as the “intimate link between theory and 
praxis.” he states that this person was wellversed in conic 
sections and familiar with the mathematical sciences, and 
that he probably invented the tsquare described in this 
passage, an instrument about the capacities of which the 
ignorant copyist expressed disbelief. on p. 236n177 of his 
unpublished book, Özdural explains that he interpreted 
“kātib” as a reference to the scribe/copyist in Özdural 1996, 
192, 196, but then leaned towards reading Kātib or Kātib[ī] 
as the name of a particular person. in his chapter in the 

93. for a detailed analysis of this page, see chorbachi and 
loeb 1992, 283–305; see also chorbachi 1989a, 253–54. Bier 
observes that this construction is “not only a selfcontained 
design,” but “may also serve as a generative form to yield a 
planar pattern of overlapping decagons,” such as a striking 
decagonalpentagonal pattern in cut brick at the decagonal 
tomb tower in maragha (northwestern iran), the Gunbadi 
Qabud, built in 593 (1196–97): see Bier 2012, 267–68. 

94. on Gothic geometrical design strategies, see Bork 2011, 33.  
95. for a different view, see chapter 2 in Bonner’s forthcom

ing book: “the large portion of this treatise dedicated to 
geometric dissections does not appear to be of any practi
cal use to artists working with geometric design. similarly 
many of the instructions are of questionable relevance to 
artists.” for a classification of constructions on kites, see 
hogendijk’s chapter in the present volume.

96. see chorbachi 1989a, 239–45, 547–53. she connects this 
pattern with its versions on the minarets of the friday 
mosques in damghan and sava. see also fig. 145 in chapter 
2 of Bonner’s forthcoming book. he compares the same 
pattern with the two examples mentioned by chorbachi, 
as well as a design on the mihrab of the friday mosque in 
Gulpaygan, and on a minaret in daulatabad, afghanistan. 
unaware of chorbachi’s analysis, Bonner states that this 
pattern “has not been identified as a wellknown 4fold pat
tern in previous studies.” Özdural’s redrawing and expan
sion of the pattern shows that he was not aware of its con
nection with the historical examples cited by chorbachi 
and Bonner (pls. 55.1–2 in the present volume). for some 
of the anatolian examples in carved stone, see schneider 
1980, tafel 28, 121, 183: alay han, portal (1180–1200); divriği, 
sitte melik türbesi, portal (thirteenth century); sivas, ulu 
cami, mihrab (thirteenth century); Konya, Beşare Bey mes
cidi, mihrab (1213–19).

97. Özdural proposes that the fifteenthcentury copyist may 
have added the constructions on the last two pages of the 
Anonymous Compendium. i previously pointed out that the 
last pattern, which may have been added in the fifteenth 
century, is nevertheless in keeping with rotating swastika 
compositions seen in earlier anatolian seljuk monuments: 
see Necipoğlu 1995, 168–70, 180n113. on the possibility that 
the last page was a midfifteenthcentury timurid addition, 
see “preliminaries,” the chapter by Özdural in this volume. 
the mosaic tile dado panel at the friday mosque in Yazd is 
illustrated, together with another timurid version featur
ing dodecagonal stars, in Necipoğlu 1995, 35, figs. 59–60. 
Variants of the swastika pattern with octagonal stars in 
seljuk anatolia and Kharraqan are illustrated in mülayim 
1982, 192 (pl. 78, fig. 83); 232 (pl. 118, fig. 124); 344 (pl. 228, 
fig. 270). the Topkapı Scroll has a swastika pattern with 
octagonal stars and another version with dodecagonal stars 
(see fig. 18a–d in the present essay).

98. in his forthcoming book, Bonner regards this pattern as 
aesthetically inadequate because he assumes that it is a 
finished ornamental design. he compares it with the suc
cessful combination of pentagonal, hexagonal, heptagonal, 
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ment in the early modern period is discussed in Necipoğlu 
2016.

115. see allen 2004. the low level of complexity in classical 
roman, Byzantine, and cosmatesque geometric patterns, 
in comparison with their islamic counterparts, is discussed 
in cromwell preprint 2013a, 34–36. see also pajaresayuela 
2001, esp. 146–95, 247–70. 

116. see allen 2004.
117. While acknowledging their complexity, not all authors 

agree on how to classify these patterns. see Bonner 2003; 
lu and steinhardt 2007; saltzman 2008; makovicky 2008; 
Bodner 2009; cromwell 2009a; cromwell 2009b; cromwell 
2010; Bodner 2012; Bonner 2012; sarhangi 2012; and Bier 
2015.

118. cromwell 2009b, 41.
119. the earliest surviving example is the Topkapı Scroll. chron

ologically next in line are the tashkent scrolls, ascribed 
to sixteenth and seventeenthcentury master builder
architects of Bukhara in uzbek central asia. these and 
other known scrolls are discussed in Necipoğlu 1995, “the 
scroll tradition,” 3–57, and “Geometric design in timurid
turkmen architectural practice,” 48–67. for unpublished 
scrolls owned by master builders in arab villages of iraq, 
which chorbachi examined in 1981 along with the mirza 
akbar scrolls from Qajar iran, see chorbachi 1989a, 262–
63, fig. 22 at 608. a nineteenthcentury iranian scroll with 
twentyfour patterns was published in Khānlarī 197?.

120. these terms are used in Bonner’s forthcoming book, chap
ter 2. see n. 121 below for the “polygonal technique” first 
noted by hankin. “point joining” refers to joining with lines 
critical points from which major and minor proportions are 
derived; see n. 92 above.

121. Necipoğlu 1995, 49–50: “in the topkapı scroll polygonal 
grids or construction lines … define grid networks with 
polygons in contact … it would be easier to transfer such 
polygons onto wall surfaces than the multiple concentric 
circles used in generating the patterns on paper. Not all 
starandpolygon patterns in the topkapı scroll, however, 
are accompanied by construction lines defining polygons 
in contact. those generated by more complex uninked 
radial grid systems based on dynamic axes of symmetry 
use grids composed of stars and polygons in contact, which 
demonstrates that hankin’s formula was not universally 
applicable.” the scroll’s repeatunits were “generated by 
three types of grid systems: squared, triangulated, and 
composite radial (polygonal)”: 31–32. see my catalogue of 
patterns and drawings of uninked grids, the mathemati
cal analysis of which i left to mathematicians, on 231–39, 
240–83. 

122. see Necipoğlu 1995, “catalog: pattern types and drawings 
in the topkapı scroll,” 231–39. see lu and steinhardt 2007, 
who demonstrate the complexity of fig. 19a–b, in which 
overlapping patterns at two different scales are gener
ated by the same “girihtile” shapes. their argument for 
the quasicrystallinity of some islamic patterns with five 
and tenfold symmetries is based on ideas illustrated in 
the Topkapı Scroll, where doublelayered designs reflect

present volume, hogendijk also thinks that this may refer 
to “someone called Katib.” 

107. discussed in Necipoğlu 1995, 141, 145, figs. 107a–b, where i 
only cited the 1974 english translation of alJazari’s trea
tise by donald hill (see Jazarī 1974, 191–98, 267–68). for 
the arabic edition by aḥmad Yūsuf alḤasan, see Jazarī 
1979, 469–85. the palace is referred to as being located in 
“Āmid” (modern diyarbakır) and the description of the tool 
appears right after that of the bronze door, thereby imply
ing the connection between the two.

108. see Jazarī 1979, 469; translated in Jazarī  1974, 193, and 
 tabbaa 2001, 97.

109. see hill’s 1974 translation of alJazarī’s treatise: Jazarī 1974, 
191–95. discussed in Necipoğlu 1995, 145, 151–52; and in 
tabbaa 2001, 96–99.  

110. for a different view, see chapter 2 in Bonner’s forthcoming 
book, where he questions the Anonymous Compendium’s 
overall relevance to the history of islamic geometric design. 
he assumes that “the geometric idiom was approaching 
full maturity, and the needs for artists to have direct math
ematical input would have been less of an aesthetic imper
ative than during the earlier time of alBuzjani.” Bonner 
thereby underestimates continuing problems arising from 
the application of patterns to largescale surfaces and to 
nonrectilinear areas with curved arch profiles. for girih 
patterns adapted to the curvature of arch spandrels in the 
Topkapı Scroll, see Necipoğlu 1995, 305, cat. 35; 307, cat. 39

111. see Necipoğlu 1995, 145. in her dissertation, which was not 
accessible when i wrote my 1995 book, chorbachi trans
lates ʿ aqd as “unit of design,” “repeatunit,” or “fundamental 
region”: see chorbachi 1989a, 164, 168. she provides a range 
of meanings for this word, which includes terms referring 
to the calculation of hand and finger joints (finger reckon
ing): e.g., “knit, knot, tie, to put together, to write, lock, to 
arch, vault.” she notes that “all such meanings connect with 
the concept of tying, making a unit, as in unit of design, or 
an area within which the geometrical constructions of the 
sought pattern are carried”: chorbachi 1989a, 276–77. 

112. for the incorrect assumption that girih is a postnine
teenthcentury term, see allen 2004; Bier 2012, 269; and 
milwright, 2012. on sixteenth and seventeenthcentury 
persian primary sources that often mention the term  
girih (and its variants) as a specific mode of ornament, see 
Neci poğlu 1995, 112–114; Necipoğlu 2016, 136–37. for the 
girih mode in presentday iran (pronounced as gereh or 
gireh), see shiʿrbāf 1993–200 (1372–97); firishtanizhād 1977  
(1356); and Khānlarī 197?. on central asian masters of the 
girih mode, see Baklanov 1944; Baklanov 1947; and Gaganov 
1958. 

113. on geometric ornament in seljuk anatolia, see schneider 
1980; and mülayim 1982.

114. on the differing regional tradition of geometric ornament 
in Nasrid Granada, see makovicky 2011. the type of mu -
qarnas that prevailed in the islamic West and sicily also 
remained distinct from examples in the eastern islamic 
lands: see Garofalo 2010. the proliferation of floral orna
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the Topkapı Scroll: see Necipoğlu 1995, 29–39, esp. 38–39, 
56n73.   

125. the Topkapı Scroll also has a version of the swastika pattern 
with octagonal stars (cat. 67), which was common in monu
ments of seljuk anatolia and elsewhere: see n. 97 above.

126. this is also noted in cromwell 2013b: “in discussions of 
islamic patterns there is a tendency to focus on geometrical 
properties and to overmathematise the design process,” 
and “when circles are used they are not exactly as in the 
scrolls.” 

127. a computer program such as this has been developed: see 
Kaplan 2000; and Kaplan 2005.   

128. for the “polygonal” method, see chapter 2 in Bonner’s forth
coming book, and his articles cited above. examples of 
studies that assume that only simple rulerandcompass 
constructions were used by islamic artisans include Bon
ner’s forthcoming book; Broug 2013; Bloom 1998, 27. see 
also n. 139 below for Bloom’s dismissal of advanced geo
metrical knowledge among woodworkers, even when the 
evidence suggests otherwise in particular cases.

129. ibn Khaldūn 1967, 3:132.
130. Jones 1982, 69 (originally published in london in 1856).
131. see Bonner 2003; Bonner 2012; lu and steinhardt 2007. in 

the latter study, the “girihtiles” correspond exactly to the 
dotted lines of the Topkapı Scroll patterns, as mentioned 
above in n. 122.

132. this is also acknowledged in chorbachi 1989a, 73, 261. she 
observes that the patterns in the Anonymous Compendium 
may have been arrived at in several possible ways, and that 
the mechanics of the drawing process are not always clear 
from the illustrations, some of which were possibly copied 
from another model. for a summary of the different meth
ods of designing starandpolygon patterns, see sarhangi 
2012, who suggests that the combined use of rulerand
compass constructions and girih tiles (i.e., the “modularity 
technique”) accounts for the invention of more elaborate 
starandpolygon patterns comprising tenpointed star 
polygons, which would be “difficult if not impossible to 
execute using compass and straightedge alone.” see lu 
and steinhardt 2007 for the use of edgetoedge girih tiles, 
which was more convenient and quicker than employing 
a ruler and compass. an overview of differing design meth
ods is provided in Bier 2015.

133. in his forthcoming book, Bonner hypothesizes that the 
“pointjoining” instructions “may be the result of artists 
consulting with mathematicians to produce stepbystep 
instructions for specific patterns for their future use in this 
prescribed manner.” While this is possible, i am less con
vinced by his statement that only the polygonal technique 
is “predisposed to the creation of new designs.”  

134. see chorbachi 1989a, 319–20. for pragmatic reasons she 
adopted “an appropriate scientific language and notation 
system to classify islamic geometric patterns according to 
their point group symmetry.”

135. see saltzman 2008, 153–54: “imputing nascent group theory 
or nascent theory of quasicrystals to medieval artists and 
mathematicians simply cannot be justified on the basis of 

ing sophisticated mathematics show how the large tiles 
divide into small ones. the “advanced nature” of seven 
“2level patterns” in the Topkapı Scroll (cat. 28, 29, 31, 32, 
34, 38, 49) is also recognized in cromwell 2013a, 1–46, esp. 
39–40: “in fact, they display a high degree of ingenuity and 
imagination, and are unconventional in some respects.” 
But he unconvincingly speculates that, “given the advanced 
nature of the designs, a safavid date, possibly quite late, 
seems more appropriate” (p. 40). cromwell cites examples 
of twolayered patterns from late safavid and Qajar monu
ments, which became rather “formulaic and routine to 
produce,” but none of those late patterns are found in the 
Topkapı Scroll, and their “formulaic” character differs from 
their counterparts in the scroll. more importantly, none of 
the Topkapı Scroll patterns appears on any known monu
ment; therefore cromwell’s alternative suggestion makes 
more sense: “their constructions extend the methods we 
have seen in our analyses of surviving mosaics and they 
may be the result of someone exploring possibilities rather 
than a record of best practice” (p. 39). Nonetheless, the fact 
that the scroll patterns do not appear in the few surviving 
timuridturkmen monuments of western and central iran, 
a region prone to earthquakes, might also be an accident of 
survival.  

123. see also the twolayered tympanum patterns in the North 
dome (1088–99) of the friday mosque in isfahan (fig. 10b). 
another relatively early example of a twolayered geomet
rical pattern in carved brick is seen at the Gunbadi Qabud 
in maragha, dated 593 (1196–97), analyzed and illustrated 
in lu and steinhardt 2007, 1108 (figs. 2B–d), and makov
icky 2008. for the compelling argument that the socalled 
abbasid palace is not a madrasa, as some have proposed, 
but rather a highly original palace built ca. 1184 by the late
abbasid caliph alNasir (r. 1180–25) and completed under 
almustansir (r. 1228–42), see tabbaa 2017. 

124. extant examples are illustrated in Necipoğlu 1995, 3–57. 
the timuridturkmen provenance i have suggested for 
the Topkapı Scroll has been accepted in the art histori
cal scholarship: see n. 5 above. an exception is cromwell, 
who speculates that the scroll’s “2level designs” might 
date from the eighteenth or nineteenth centuries (see 
n. 122 above). however, there are no “2level designs” in 
the Qajarperiod mirza akbar scrolls or in any other late 
scroll from iran and central asia that i have examined. 
for reasons why the Topkapı Scroll was not compiled at 
a later date, see Necipoğlu 1995, 34: “this is unlikely given 
the striking difference between its sophisticated drafting 
conventions and those of nineteenth and twentiethcen
tury scrolls. the fragmentary documents that compose the 
topkapı scroll have been damaged over time, and this also 
seems to suggest an early date.” the scroll was kept at the 
imperial treasury of the topkapı palace as a prized item, 
as indicated by its inventory number (h[azine] 1956), and 
was subsequently repaired. the type of paper, too, suggests 
a late fifteenth or early sixteenthcentury date, as do the 
types of patterns and kufic inscription panels compiled in 
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the Anonymous Compendium (fol. 193r [43]), which is based 
on a comparable generative polygonal tessellation, though 
its motifs differ significantly (fig. 309a–c).  

141. on the wooden door, muqarnas portal, and two muqarnas 
domes of Nur aldin’s hospital, madrasa, and mausoleum 
complex in the damascus complex, see tabbaa 2001, 119–21.  

142. see also Kheirandish’s chapter in the present volume on 
this point. the manuscript was copied in maragha by 
husayn b. ʿamr b. ahmad almardini. on ibn Yunus’s 
teacher, see rāshid 2005, 692. on the transfer of manu
scripts rescued from Baghdad and other iraqi and syrian 
towns to the maragha observatory, see saliba 2007, 244. 
the maragha observatory was succeeded by other ilkhanid 
observatories, including those of Ghazan Khan in tabriz 
(ca. 1300) and Öljeytü in sultaniya (ca. 1310): see mozaffari 
and Zotti 2012, and mozaffari and Zotti 2013. damascus too 
was a major center for the study of astronomy.

143. the perfect compass, which could draw straight lines, the 
circumferences of circles, and conic sections, was probably 
invented by abu sahl alQuhi (ca. 940–1000), who flour
ished in Baghdad and wrote a treatise on it. other treatises 
on the perfect compass were written by alsijzi (ca. 945–
ca. 1020), alBiruni, and ibn Yunus’s student alabhari: see 
rāshid 2005, 629–848. in addition to its use in theoretical 
mathematics, the perfect compass had technological appli
cations in the construction of astrolabes and sundials, for 
which conics were essential.

144. this famous astrolabe is now in the museum of islamic art 
in doha, Qatar: see King 2005, 503–17; hogendijk 2012, 42.

145. see saliba 1999, 641–42, where he supplements this infor
mation with a comment that attributes a somewhat crude 
assumption to my 1995 book on the Topkapı Scroll: “this 
situation should, at least, warn against the assumption that 
artisans of medieval islam, in particular, could on their own 
render and modify mathematical concepts simply because 
mathematical concepts were available in society.” 

146. saliba 1999, 642. Quoting Biruni, saliba writes: “contrary 
to what Necipoğlu has argued in the book under review, 
there were apparently some artisans, especially astrolabe 
and instrument makers known to Bīrūnī, who preferred 
exact arithmetical measurements over the approximative 
artisanal ones apparently used by masons and architects 
and which were usually frowned upon by scientists rather 
than being inspired by them.” this criticism is unwarranted 
because my book primarily focused on builders and design
ers of geometrical ornament, who generally preferred the 
approximation methods of practical geometry, rather than 
on the makers of astronomical instruments, who obviously 
had to use precise methods. on the jointly observed lunar 
eclipse, see rāshid 2005, 997. 

147. Golombek and Wilber 1988, 1:117, 189–93. see thackston 
1989, 159, where he translates the biographical accounts 
of dawlatshah alsamarqandi and Khwandamir. on the 
timurid architect Qavam aldin and a family of seven
teenthcentury mughal architects descended from ustad 
ahmad lahori, whose members studied mathematics and 

the historical record.” he concludes: “ultimately, attempts 
to find precursors of contemporary mathematical thought 
in the cultural production of medieval islam, or any other 
period for that matter, fall prey to the presentist fallacy—
the fallacy of reading the present into the past.” 

136. later drawings in the tashkent scrolls from uzbek central 
asia and in the mirza akbar scrolls from Qajar iran are 
discussed and illustrated in Necipoğlu 1995, 7–17.

137. the debate was triggered by lu and steinhardt 2007, with 
its wide media coverage; see articles cited in n. 117 above. 
cromwell considers it anachronistic to apply modern 
mathematical concepts, such as crystallographic groups 
and quasiperiodic tilings to medieval islamic ornamen
tal patterns: see cromwell 2013a; and cromwell 2009a, 
55: “islamic artists were certainly familiar with generat
ing designs by applying reflection, rotation and transla
tion to repeat a template. they probably had an intuitive 
understanding of the crystallographic restriction and a 
feeling that global 5fold and 10fold rotation centres are 
somehow incompatible with periodicity. they did have 
the tools available to construct quasiperiodic designs but 
not the theoretical framework to appreciate the possibil
ity or significance of doing so.” see also hogendijk 2012, 
who states that although girih tiles in the Topkapı Scroll 
“have drawn recent attention because they can be used to 
define aperiodic tilings, in the absence of textual evidence, 
it is impossible to say whether the craftsmen had an intui
tive notion of aperiodicity.” in his chapter in the present 
volume, hogendijk likewise remarks that reading modern 
mathematical concepts such as aperiodic tilings or group 
theory into medieval texts and buildings is “problematic 
anyway.” in contrast, makovicky argues that the language 
of crystallography can be applied to islamic patterns “with
out ascribing our modern definitions to the artists them
selves.” he does not agree that fourteenthcentury artists of 
the alhambra were “unable to have their own definitions of 
the reflection operation and kinds of rotational symmetry 
they used, even if we lack written records on this subject. 
their geometric genius is clearly set in stone”: see makov
icky 2011, 3. on the need for studies in cognitive history in 
the field of Greek mathematics, see Netz 1999.    

138. see ibn abī uṣaybiʿa 1998, 621–22; Wiedemann 1970, 114n1; 
mayer 1958, 53. subsequently discussed in Necipoğlu 1995, 
152; tabbaa 2001, 88–90, fig. 38 at 90; Bloom 2009, 132–
34, 139–40; allen 1999, “chapter eleven, architects and 
patrons.” 

139. While Bloom is correct in stating that not all woodwork
ers studied euclid, he is not convincing in his attempt to 
disprove that abu’l fadl b. abd alKarim’s knowledge of 
geometry informed his woodwork. he assumes that “[e]
ven the most complex designs…. were probably made by 
combining set patterns rather than by complex geometric 
analysis”: Bloom 2009, 134.

140. for a comparison of the two patterns in damascus and 
isfahan, see chapter 2 in Bonner’s forthcoming book. he 
additionally compares both patterns to a third version in 
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150. the quotation from Kepler is cited from endress 2003, 122; 
see also Necipoğlu 1995, 162–64, 163 (fig. 118), 179n93. 

151. these two lost treatises are mentioned as representative 
of that science in the Irshād al-qāṣid ilā asnā al-maqāsid 
by the mamluk scholar ibn alakfani (d. 1348–49); this 
was one of the models for the Kitāb Miftāḥ al-saʿāda wa 
misbāḥ al-siyāda fī mawḍūʿāt al-ʿulūm (Key of happiness) 
by the ottoman scholar taşköprizade (d. 1561). see ibn 
alakfānī 1978, 81–82; and Ṭāşköprizāde 1911–37 (1328–56), 
1:311–12; discussed in Necipoğlu 1995, 140–41, 145. i have 
cited here chorbachi’s translation of the description of 
ibn alhaytham’s lost work on the science of building (ʿilm 
ʿuqūd al-abniya), recorded in a list of his own works (com
posed before the end of october 1038), which was copied 
in the biographies of physicians by aḥmad b. alQāsim b. 
abī uṣaybiʿa (d. ca. 1269–70). see chorbachi 1989a, 274–75, 
cited from ibn abī uṣaybiʿa 1965, 2:93. in saliba’s opinion, 
the term ʿuqūd in “ʿuqūd al-abniya” (science of erection 
of structures) is predominantly concerned with vaulting 
(ʿaqd), since the dictionary specifies that “ʿaqada al-binā 
means to ‘vault the structure’.” however, sources men
tioned above refer to diverse construction types. although 
saliba believes that alKaraji’s treatise might be the same as 
his extant treatise, titled Inbāṭ al-miyāh al-khafiyya (extrac
tion of hidden Waters), both works by Karaji are listed 
under separate titles by taşköprizade, who classifies them 
under different sciences: see saliba 1999, 642–43. 

152. for a comparison of architecturalartisanal practice and 
extant medieval drawings in the latin West and medieval 
islamic lands, see Necipoğlu 1995, 3–57, 131–81, esp. 41–53.

153. maqrīzī 1987, 2:362–63; cited in Necipoğlu 1995, 123. 
154. see chorbachi, 1989a, 114–15, on the addendum to mis

kawayh’s chronicle according to which the caliph’s early 
death meant that his wish was left unfulfilled.    

155. ibn miskawayh 1920–21, 5:443–48, at 447.
156. rāshid 2005, 18, 997. 
157. see Bāqirī 1997, 241–46.   
158. contextualizing exchanges between geometerastrono

mers, artisans, surveyors, and master builderarchitects 
requires multiple perspectives and a consideration of dif
ferent kinds of agency, including that of scientists, practi
tioners, and their patrons, as well as the semiautonomous 
agency of inanimate artifacts, technologies, and design 
traditions. on human and nonhuman agency in the arts 
and sciences, see Gell 2010, and latour 2005.     

159. see, for example, Galison and Jones 1998; turner 2006; staf
ford 2007; and payne 2015.

geometry, some of them writing treatises on these subjects, 
see also Necipoğlu 1995, 5, 50–53, 155–58.

148. mathematical treatises on proportion and the Neopla
tonic epistle on ratio/proportion written by the Brethren 
of purity (ikhwan alsafaʾ) are cited in Necipoğlu 1995, 
180n129. the philosophical and aesthetic dimensions of 
geometric patterns are discussed in chapters in part V: 
“the aesthetics of proportion and light,” and “Geo metric 
abstraction and the psychology of Visual perception,” 185–
215. the treatises of almahani are titled Risāla fī al-nisba 
(epistle on proportions), and Risāla fī mushkil min amr 
al-nisba (epistle on complex proportions); that of abu’l 
Wafaʾ is Risāla fī al-nisāb wa al-taʿrīfāt (epistle on ratio 
and proportion). on those works and others by ibn alhay
tham and ʿumar Khayyam, see sezgin 1974, 100, 260–62,  
324. 

149. ms. persan 169, fols. 179v–180r. i would like to thank maria 
subtelny for sharing with me her translation of this part 
of the postface, which she had prepared at the request of 
Özdural, who did not cite it. she notes that at the end of his 
postface, in a passage that recalls the Neoplatonic epistles 
by the Brethren of purity (ikhwan alsafaʾ ; see n. 148 above), 
abu ishaq Kubanani Yazdi encouraged the learned men 
(fuẓalāʾ) of his day to take a close look at the intricate prob
lems discussed in abu’l Wafaʾ’s Geometrical Constructions: 
“so that they might appreciate the degree to which human 
capability (qābiliyat-i bashar) has grasped the workings of 
the earth and the extent to which [human] thought regard
ing the basic principles (basāʾiṭ) [governing] the heavens 
and their understanding (żabṭ-i ān) has reached for ‘those 
who contemplate the creation of the heavens and the earth’ 
(Q 3:191). ‘he to whom wisdom (ḥikma) is granted, truly he 
has received abundant good.’ (Q 2:269). it is hoped that 
the seeker after truth (ṭālib-i ḥaqq) will receive his full 
portion of the sciences of certainty/proof (ʿulūm-i yaqīnī) 
(i.e., geometry), which are the special nourishment of the 
spirit (rūḥ) and the everlasting ornament of the soul (jān).” 
subtelny explains that ʿulūm-i yaqīnī is usually used in a 
technical sense in sufism to refer to intuitive certainty, as in 
ʿilm-i yaqīn, which denotes knowledge of certainty through 
proof, but yaqīniyyāt also means proofs or demonstrations 
in geometry: “it must have been used in both these mean
ings here, but with the emphasis on the mathematical sci
ences. i believe the point he is making is that there is no 
conflict between spiritual truth and scientific truth.” for 
cosmological notions of beauty, see Necipoğlu 1995, “part 
5: Geometry and aesthetic theory,” 183–226. 
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