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FABIO ACERBI?

Byzantine Geometric Metrology
An Overview with an Edition of the Compendium”

ABSTRACT: The article presents an overview of Byzantine geometric metrology and an edition of a complete yet anonymous set
of metrological prescriptions, here called the Compendium.

KEYWORDS: Byzantine mathematics, metrology, stylistic codes, manuscript tradition

INTRODUCTION

Geometric metrology is a body of prescriptions for measuring the space content (area, volume) of
geometric figures and their most relevant linear or planar components (side, perimeter, height, di-
ameter, diagonal, surface, etc.). These prescriptions are formulated by means of dedicated stylistic
codes. If we exclude Hero of Alexandria’s Metrica, which the Greek and the Latin traditions unan-
imously regard as the founding treatise of the entire discipline, none of these prescriptions is
backed up—I say “validated”—by any proof in Euclidean style. Consequently, geometric metrolo-
gy is not a deductive discipline but a set of collections of mathematical recipes aimed at preserving
any bit of a specific technical lore: alternative algorithms for computing the same quantity are
compiled as a matter of course, even if they frequently differ by trifling details only; within a single
collection, a specific algorithm can be exemplified more than once, by simply changing the numer-
ical values of the input data. This helps explain why geometric metrological writings suffer from
inflation and thereby make up a huge corpus'. The size of the corpus is further increased by the fact
that geometric metrology bears obvious and necessary connections with two related yet distinct
disciplines: metrology, which provides lists of units of measurement and the conversions among
them, and fiscal geometry (or “geodesy”, for it was intended to assist land-surveyors), which does
not deal with geometric objects as such but with land portions qua geometric objects and employs
in a systematic way “wrong” prescriptions to measure most of these objects. Even within geometric
metrology proper, much of stereometry sets out to measure material objects qua compounded and
schematic geometric objects, thereby resorting by default to approximations.

Very much as with any other scientific discipline, the Byzantine scholars handed down the
Greek heritage of geometric metrology and enriched it by their editorial activities and by compos-
ing new works. The latter are usually second-order compilations, possibly simplified as for con-
tents and reformulated and homogenised as for style. This is exactly the case with the text that is
published in the present paper. This text is anonymous and without a title: I shall call it “the Com-

2 CNRS, UMR&8167 Orient et Méditerranée, équipe “Monde Byzantin”, 52 rue du Cardinal Lemoine, F—75231 Paris cedex
05; fabacerbi@gmail.com.

* Reproductions of most manuscripts mentioned in this article can be found through the website https://pinakes.irht.cnrs.ft/,
which also provides additional bibliography. I had access to some of the manuscripts thanks to the digital repository of the
project Sin-aps (Alexander von Humboldt-Professorship, FAU Erlangen-Niirnberg). Ramon Masia and Bernard Vitrac
helped me to improve this study.

! The estimate in F. ACERBI— B. VITRAC, Héron d’Alexandrie, Metrica (Mathematica Graeca Antiqua 4). Pisa—Roma 2014
(Hero, Metrica henceforth), 443—445 gives a total of about 570 problem-tokens in the several collections of the corpus,
which amount to 370-420 distinct problems, that is, problems such that either the object, or the numerical input data, or the
feature to be computed, or the algorithm used to compute it are different.
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pendium”. With one single—and inexplicable—exception, the Compendium does not set out its
algorithms by means of paradigmatic examples, but by formulating general procedures. This stylis-
tic choice is without parallels in the entire geometric metrological corpus’ and makes the Compen-
dium a most interesting piece of mathematical writing.

The present edition of the Compendium describes all its manuscript witnesses and establishes
their genealogical relations, which are summarised in a stemma. This is preceded by an overview
of Byzantine geometric metrology and geodesy, by a summary of the contents of the Compendium
by some speculations about its possible author, and followed by an exposition of the structure and
of the style of the Compendium. The edition is accompanied by a translation and by an annotated
paraphrase; the latter features symbolic transcriptions of all metrological algorithms contained in
the text. An Appendix sets out the original structure and some codicological data of the prototype
of the manuscript tradition of the Compendium. Within the Bibliography, the section on “Manu-
script Sources™ lists about 330 Greek manuscripts that contain metrological (in a broad sense) and
geometric metrological items, fiscal geometry included”.

BYZANTINE GEOMETRIC METROLOGY: AN OVERVIEW

Geometric metrological texts are fairly frequent among scientific papyri. They usually contain a
few items and characteristically put emphasis on measuring “real” objects. The most substantial
collections are included in compilations of metrological problems accompanied by computational
tools obviously relevant to solving these problems, such as resolutions of common fractions into
unit fractions, and by problems traditionally categorised as “recreational mathematics”. Listing the
contents of P.Math (4™ century) will suffice to characterise such Ur-Rechenbiicher*: 3 model con-
tracts (2 of them for loan of money); 5 lists of units of measurement of length, surface, volume, or
liquid capacity, 32 problems of measurement of plane (15 items) and solid (17 items) geometric
figures or of objects regarded as such; 6 problems of resolution of common fractions into unit frac-
tions; 3 problems of proportional partition (shipload of wheat; distribution of amount of wheat; the
three thésauroi problem); 1 problem of pursuit; 1 application of the rule of three (pay); 1 problem
is too fragmentary to allow any safe reconstruction. Important geometric metrological sources are
also P.Vindob. gr. inv. 19996 (MPER N.S. I.1; 1* century), and the Akhmin mathematical papyrus
(P.Cair. cat. 10758; 7™ century); these two papyri contain 30 and 3 problems of measurement of
solids, respectively”.

2 A very compact parallel featuring only generic algorithms is edited as Geom. 22, 3-24. On the difference between “proce-
dures” and “algorithms” as stylistic resources see the Section on structure and style of the Compendium. With the excep-
tion of this Section and of the Preliminaries to the edition, the mathematical sense of “algorithm” is used throughout.

3 The sense is “broad” because, for both simplicity’s and reference’s sake, the list includes metrological items that do not
necessarily pertain to the measurement of lengths and surfaces only. The survey has also revealed a further witness of the
arithmetical problem noted Az in F. ACERBI, I problemi aritmetici attribuiti a Demetrio Cidone e Isacco Argiro. Estudios
Bizantinos 5 (2017) 131-206: it is Holkham gr. 106 (15" century; Diktyon 48174), f. 89r.

4 For Rechenbiicher in Greek language see F. ACERBI, Byzantine Rechenbiicher: An Overview with an Edition of Anonymi L
and J. JOeB 69 (2019) 1-57.

5 A survey of geometric metrological papyri can be found in Hero, Metrica 557-569. Editions of the three papyri just men-
tioned are in R. S. BAGNALL — A. JONES, Mathematics, Metrology, and Model Contracts. A Codex from Late Antique
Business Education (P.Math.). New York 2019 (a survey of geometric metrological papyri, only overlapping with the one
just cited, can be read on 163—177), whose approach should be modulated according to the review in Plekos 23 (2021) 21—
27, and the complement in R. S. BAGNALL — A. JONES, P.Math. Leaf A Verso, Mathematical Problem a3 Revisited: A New
Algorithm in Greek Mensurational Mathematics. Pylon 2 (2022); H. GERSTINGER — K. VOGEL, Eine stereometrische
Aufgabensammlung im Papyrus Graecus Vindobonensis 19996. Mitteilungen aus der Nationalbibliothek in Wien. Papyrus
Erzherzog Reiner. Neue Serie 1. Wien 1932; J. BAILLET: Le papyrus mathématique d’Akhmim. Mémoires publiés par les
membres de la Mission Archéologique Frangaise au Caire 9,1 (1892) 1-89, respectively.
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As for the evidence in Byzantine manuscripts, geometric metrological texts were transmitted as
collections of paradigmatic problems. These were usually graded by the complexity of the figure
involved, prefaced by or interspersed with generalities about measuring geometric figures and with
lists of relevant shapes (both with an unmistakable Neoplatonic tinge) and of units of measurement
and their conversions. The main collections are contained in six independent manuscripts that pre-
date the mid 14" century®. These are Seragl. G.1.1 (the codex unicus of Hero’s Metrica too; ca.
960; Diktyon 33946), Vat. gr. 215 (Liber geeponicus and Cassianus Bassus’ Geoponica; 11" centu-
ry; Diktyon 66846), Par. gr. 1670 (late 12™ century; Diktyon 51293), Vat. gr. 1038 (mainly Euclid
and Ptolemy, plus the De mensuris; late 13" century; Diktyon 67669), Par. suppl. gr. 387 (early 14™
century; Diktyon 53135), and Par. gr. 2448 (a scientific miscellany with Euclid and treatises of the
“little astronomy”, plus Diophanes and the texts edited as Geom. 22; Cyprus; early 14" century;
Diktyon 52080). Minor, and frequently exiguous, metrological and geometric metrological collec-
tions are dispersed among many more manuscripts (about 330 tokens are listed among the “Manu-
script Sources” below). These texts may simply comprise short lists of units of measurement and
their conversions. Many of these texts are fillers or sections of personal notebooks and anthologies,
others are integral to the textual constellation in which they are included, as is the case with fiscal
(and more generally juridical) reference books or with the selection of imperial decrees called Syn-
opsis basilicorum major. As a matter of fact, the manuscripts containing the geometric metrologi-
cal collections usually feature other textual units, whose separation from the metrological items
may be questionable. Cases in point are the pseudo-Heronian Definitiones and Rechenbuch-like
problems. For instance, a florilegium contained in Seragl. G.1.1, edited partly as Geom. 24 and part-
ly as Stereom. 1, 68—97, mainly comprises “separation” problems (see sect. 13 of the Compendium),
which can be read (and in fact were solved) as problems of Diophantine analysis in fictitious geo-
metric metrological guise (no land-surveyor will ever be confronted with such problems).

The most important witnesses of the geometric metrological corpus are Seragl. G.I.1, Par. gr.
1670, and Par. suppl. gr. 387. If we take into account the articulation of texts exhibited by titles,
decoration, and of course by homogeneity of contents and of style’, we come to realise that these
manuscripts are in fact collections of collections, some of which are ascribed to Hero while others
are anonymous. Exactly of this kind is the magnificent Seragl. G.I.1, a pure geometric metrological
collection and the only witness to Hero of Alexandria’s Metrica. More varied, penned by two main
hands, and possibly an assembly of texts copied for personal use by at least two scholars even if
owned by George Choumnos (PLP 30945), megas stratopedarchés in AD 1341-42, is Par. suppl.
gr. 387, which compiles computistical items, metrological and geometric metrological collections
edited as Geometrica and Stereometrica 1-11, the texts edited as the Heronian Definitiones, at least
two independent Rechenbiicher, along with a galaxy of very short notes of logistic, astronomical,
and astrological content. Par. gr. 1670 deserves a less sketchy description. This manuscript is a
computational primer resulting from a conscious selection of texts, entrusted to an excellent copy-
ist, and intended for conservation purposes. The manuscript was designed to carry a complete tech-
nical record, both as regards the proposed texts and on account of the possibility of a double level
of use. Linguistic excellence, an inflexible formulaic rigidity, and the solutions of layout adopted in
Par. gr. 1670 marked a turning point in the development of high-brow technical literature in Byzan-

¢ On the structure of the collections and on the manuscripts carrying them see Hero, Opera omnia TV Iv—XXVI; V -LXV;
Hero, Metrica 88-90 and 429588, with detailed descriptions of their contents and a bibliography, to which 1. PEREZ MAR-
TIN, Enseignement et service impérial a I’époque paléologue, in M.-H. Blanchet, R. Estangiii Gémez (eds.), Le monde byz-
antin du XIII® au X V¢ si¢cle. Anciennes ou nouvelles formes d’impérialité. Paris 2021 (TM 25/1), 451-502: 496-498 (on
Par. suppl. gr. 387), must be added. For the contents of the collection in Par. gr. 1670 see also F. ACERBI, Struttura e con-
cezione del vademecum computazionale Par. gr. 1670. Segno e Testo 19 (2021) 167-255: 169-173, summarised below.

7 See Hero, Metrica 441-443, where 14 distinct collections are singled out.
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tium. This manuscript is the only independent witness of the Palaia Logariké (ff. 3r—13r) and of
the Nea Logarike (13r-21v), the treatises of fiscal accounting composed shortly after the death of
Alexios I Komnenos in AD 1118. After them, one finds: 21v—-33v and 33v—34v, multiples and
submultiples of monetary units; 35r—44v, a collection of algorithms for dividing numbers 1 ... n by
n, with n =5 ... 12, followed (44v—46v) by a list of the results of the same divisions, with n ran-
ging from 5 to 20; 46v—61v, an Easter Computus, which assumes AM 6691 [= AD 1183] as the
current year®; 61v (the only filler of the entire manuscript, yet penned by the main hand), measure
of a stone parallelepiped (edited in Hero, Opera omnia IV XvI), in fact an exercise in computing
with fractions; 62r—131v a metrological collection edited as Geom. 2-23, whose contents are as
follows. The definitions of Book I of the Elements. On the origin of geometry as land measurement
(Geom. 2). Sections on the subject-matter of geometric metrology, on units of measurement and
their conversions, and on the standard productivity of soil (Geom. 3—4) prelude the problems
(Geom. 5-21). These measure space content and relevant components of: squares (8 items); rectan-
gles (5 items); right-angled triangles (17 items, plus the rules traditionally ascribed to Pythagoras
and Plato for providing the sides of numerical right-angled triangles: 5 + 5 items); equilateral (13
items), isosceles (12 items), scalene (28 items), generic (10 items, Heronian algorithm) triangles;
isosceles triangles with an inscribed square (29 items, plus 2 items on the species of triangles and
on the incommensurability of side and diagonal of a square); thombi (6 items); rectangles (23
items); rhomboids (21 items); trapezia (45 items); circles (36 items); semicircles (14 items); seg-
ments less than a semicircle (4 items) and greater than a semicircle (14 items, followed by 13 items
of problems about circles); regular n-gons, with n =5 ... 12 (10 items). After this, one finds a gene-
ral prescription to the effect of dividing complex shapes into triangles (1 item), the area of the
circle according to Archimedes (1 item), and Patrikios’ addition (2 items, see below). Further texts
include a succinct compendium featuring only generic algorithms (Geom. 22, 3-24) and an earlier
version of the preliminary sections (Geom. 23, 1-22).

As repeatedly intimated above, the standard edition of the geometric metrological corpus, name-
ly, volumes IV and V of the Heronian Opera omnia’, presents these collections dismembered and
reassembled to form fictitious treatises called Geometrica and Stereometrica 1-11'°. Partial excep-
tions to this picture of patchwork transmission and of invasive modern editorial practices are as
follows. The pseudo-Heronian De mensuris was transmitted via the Archimedean tradition and Vat.
gr. 1038; it is edited as a separate work in vol. V of the Heronian Opera omnia''. The short treatis-
es of Diophanes and Didymos are also contained in some of the manuscripts that carry the main
geometric metrological compilations; owing to the fact that they exhibit an author name that is not
Hero’s, they were edited as self-contained works by J. L. Heiberg at the end of his life, in the slim
volume Mathematici graeci minores.

After a very short preface on the species of measurement and before two final sections on units
of measurement, the De mensuris is a badly organised compilation of problems of measurement of
material (sects. 1-19, 22, 24-26, 38, 49) and geometric (sects. 28-37, 3948, 50-59) objects, plane
(14 items) and solid (38 items), interspersed with the standard problem of the filling of a tank
(sects. 20-21) and with conversions of units of measurement (sects. 23, 27, 60-61). Didymos’ very
short tract is metrologically and practically oriented, as is already suggested by its title On the
measurement of all kinds of timber. A long opening on units of measurement is followed by 14

8 The Computus is edited in F. ACERBI, Byzantine Easter Computi (St7 562). Citta del Vaticano 2024, 507-520.

® This was preceded by the landmark edition F. HULTSCH, Heronis Alexandrini Geometricorum et Stereometricorum reli-
quiae. Berlin 1864.

10 Tn particular, Heiberg dismembered the Liber geeponicus ascribed to Hero, whose main witness is Vat. gr. 215, ff. 1r-24r.

! Edition [Hero of Alexandria], De mensuris, manuscript tradition studied in Hero, Opera omnia V XXXIVv—xxXVIl. Discussi-
on and summary of its contents in Hero, Metrica 488-491 and 577-579.
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problems of measurement of plane (2 items, a square and a rectangle) and solid (12 items) chunks
of timber shaped as geometric figures, mostly rectangular parallelepipeds and pyramidal wedges.
Diophanes’ text is a reasonably well-conceived compilation of geometric metrological problems'?.
The initial sections on circle measurement (sects. 1-7 and 9) has been intercalated by a section that
describes a trapezium whose sides realise an harmonic mean (8); two sequences on the measure-
ment of the equilateral triangle (20) and of the n-gons, with n =5 ... 12 (10-17, 18 octagon only,
19, 23) have been intercalated by problems on the spherical segment and on the cone (21-22); sect.
24 contains a series of definitions of the sphere and its components, of the cube, and of a species of
rectangular parallelepiped; the final two sections (25-26) expound measurements of the sphere and
its parts and components and of the volume of the cylinder and of the cone, featuring quotations of
the basic results proved by Archimedes about these figures.

Most of these texts come from late Greek antiquity, but the highly sectional nature of the corpus
encouraged increase by accretion. Cases in point are a measurement problem conceived by the
Praetorian prefect Modestus (ca. 372) and edited as Stereom. 11, 54, the Byzantine additions that
some “very illustrious” Patrikios and Makarios made to the corpus and that are edited as Geom. 21,
26-27 and 28-30, and the editorial work Patrikios made on Stereom. 1, 21'3.

Let us now come to Byzantine elaborations. I begin with the geometric metrological items in-
cluded in Rechenbiicher. After the texts summarily described above, Par. suppl. gr. 387 contains,
on ff. 118v—140v and 148r—161v, two Rechenbiicher, the former of which has been edited'*. Geo-
metric metrological problems can be found as nos. 22 (cube), 92 (apparently, a spherical body
which is transformed into a cylinder), 115 (square), 117-118 (parallelepiped and cylinder, respec-
tively) of the former and on ff. 151r (parallelepiped), 153v marg. (equilateral triangle), 158r—v (cy-
lindrical tank), 159v—160r (= no. 92 just above) of the latter. Vindob. phil. gr. 65 (ca. 1436; Dik-
tyon 71179), ff. 11r-126r and 126v—140r, also contains two Rechenbiicher'®. Nos. 51 (rectangular
parcel), 87-88 (volume of a tower, both) of the second Rechenbuch are geometric metrological
problems. The first Rechenbuch is a huge compilation that includes 60 geometric metrological
problems (nos. 166—188, 201-233, and 235-238; nos. 18[4]-20[1] are missing because of the loss
of two bifolia but their enunciations are given in the initial index). After a short section of prelimi-
naries, these problems are distributed as follows: 167-168, find the diameter of a circle from the
circumference and vice versa; 169, how to determine the diameter and the circumference of a circle
if only a part of it is accessible; 170—171, inscribe a square into a circle and into a semicircle; 172—
173, inscribe a circle into a square and into a thombus; 174, inscribe an equilateral triangle into a
circle; 175, find the height of an equilateral triangle from its side; 176—177, inscribe a circle and a
square into an equilateral triangle; 178, find the distance from the centre to a vertex of an equilat-
eral triangle; 179, find a side of a right angled-triangle from the other two sides, and inscribe a cir-
cle into the triangle; 180, inscribe a square into a right angled-triangle; 181, find the diagonal of a
square and of a rectangle from its sides, and vice versa; 182—184, find the height of a scalene trian-
gle; 184, find the area of a square from its side and the area of a circle from its circumference; 185—
186, inscribe a square and a circle into a scalene triangle; 187, find the distance from the centre to a
vertex of a scalene triangle; 188, find the circumcentre of a scalene triangle; find the area of: 201—

12 See the discussion and the synopsis in Hero, Metrica 481-488.

13 See the discussions in Hero, Metrica 450455, 491-492, and 507-509, and ACERBI, Struttura 180. A patrikios Nikephoros
was appointed professor of geometry by Constantine VII (r. 913-959): P. LEMERLE, Le premier humanisme byzantin (Bi-
bliothéque Byzantine. Etudes 6). Paris 1971, 264-265. However, “Patrikios” is here indisputably a name.

14 K. VOGEL, Ein byzantinisches Rechenbuch des frithen 14. Jahrhunderts (WBS 6). Wien 1968.

15 The first is edited in M. D. CHALKOU, The Mathematical Content of the Codex Vindobonensis Phil. Graecus 65 (ff. 11—
126). Introduction, Edition and Comments (Byzantina Keimena kai Meletai 41). Thessalonike 2006, the second in H. HUN-
GER — K. VOGEL, Ein byzantinisches Rechenbuch des 15. Jahrhunderts (Osterreichische Akademie der Wissenschaften,
Philosophisch-historische Klasse, Denkschriften 78.2). Vienna 1963.
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212, a circle and of regular polygons of 40, 30, 2k with k=10 ... 3, and 5 sides; 213-216, rectan-
gles and parallelograms, trapezia, rhombi, and a rhomboid; 217-219, equilateral, acute- and obtuse-
angled isosceles, and scalene triangles; 220, arrow-shaped quadrilaterals; 221, the star-shaped fig-
ures resulting from the superposition of two equilateral triangles and of two arrow-shaped quadri-
laterals; 222, compounded figures; 223, area of isoperimetric figures: the same sequence as in nos.
201-212, plus a square, rectangles, an equilateral triangle, a rectangle and a compounded figure;
224, transition to geodotikai paradoseis modésmon, with applications to measuring the area of:
224-225, circular, square, and rectangular parcels; 226, towns of several shapes; 227-230, pillars, a
sphere, a tent; find the volume of: 231, cylindrical bags; 232, silos; 233, a tank minus a column
plunged into it; 235-237, amphorae of several shapes; 238, how to square a circle.

Some byzantine compilations are markedly authorial products. A Geodaesia, whose anonymous
author is traditionally called “Hero of Byzantium”, was written ca. 938'®. After a preface and a
lacuna involving at least one folio of the prototype of the tradition, Vat. gr. 1605 (mid 11" century;
Diktyon 68236), ff. 42r-57v'", the extant text can be divided into eleven sections. Of these, sections
2—6 and 10-11 are reworked excerpts from Hero of Alexandria’s Dioptra: sect. 2, height of a dis-
tant wall (= Dioptra 12); 3—4, distance of inaccessible points (= Dioptra 10); 5, position of the
straight line joining inaccessible points (= Dioptra 10); 6, surface of some plane figures by decom-
position into triangles, maybe incomplete (see Dioptra 23—24); 10, flow of a source (= Dioptra 31);
11, angular distance between stars (= Dioptra 32); in this section, the author refers by title to his
own writing Positioning of Sundials; the last two sections contain extensive verbatim excerpts.
Sections 7-9 compile geometric metrological items from a source not yet identified and carry out
computations of: circumference and area of a circle (7); surface, volume, and centre of gravity of
cube, cylinder, sphere, cone, rectangular parallelepiped, and pyramid (8); volume of a water tank
(9). In the preface, the author stresses the importance of the dioptra for siegecraft and asserts that
he will compose a synopsis of previous writings and make abstract theories accessible to the lay-
man. He mentions Euclid, Archimedes, and Hero; he quotes definitions 25, 18, 19, 20, 12, 13 of
Book XI of the Elements and the enunciation of Archimedes’ Measurement of a Circle 1.

loannes Pediasimos (f 1310-14; PLP 22235) wrote an Epitome on land-measuring and land-
partitioning, usually referred to as Geometria, dealing with geometric metrological matters. This is
to a large extent made up of extracts from the main geometric metrological collections, in particular
from manuscripts of compilations edited as parts of the Geometrica. Pediasimos starts by drawing a
distinction between geometry and geodesy, the latter being the discipline concerned with partition-
ing parcels (sects. 1-2). He then expounds a classification of reference directions and milestones
(see below), lines, figures, and angles relevant to land measurement (3—7). “Postulates” and “lem-
mas” are then stated; these are metrological conversions, and a mix of arithmetical and geometric
assumptions, respectively (8-9). Prescriptions for measuring lines and figures are expounded, ac-
cording to the following sequence'®: area of a square (10-14); side of a square of given area (16—
17; only a post factum check); diagonal of a square, with a digression on the several categories of
ratios (18); rectangles, which Pediasimos calls “parallelograms” (19-25); equilateral triangle, with
a comparison between the methods of Nikomachos (applied to a triangular number), Hero, and
“fiscal geometry” (26): the latter is deemed inadequate, the former two are declared to be compati-
ble, but the final prescription amounts to drawing a height and calculating its length (in such a way

16 Edition Hero of Byzantium 114-150. The date is argued in Th-H. MARTIN, Recherches sur la vie et les ouvrages d’Héron
d’Alexandrie. Paris 1854, 267-275.

17 The Geodaesia is preceded by a poliorcetic compilation traditionally ascribed to the same author, edited in Hero of Byzan-
tium 26—-112. See A. DAIN, La tradition du texte d’Héron de Byzance. Paris 1933.

18 For most geometric species, seven examples are given, depending on whether the relevant lengths are expressed in one of
the three units of measurement assumed as simple or in the four possible combinations of them (see sect. 15).
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that the two residual methods, too, are compatible); right-angled (27), isosceles (28—30), scalene
(31), generic (32; Heronian algorithm) triangles; rhombi (33), rhomboids (34); right-angled (35),
isosceles (36), scalene (37-38) trapezia; circles (39), semicircles (40), segments less than a semi-
circle (41) and greater than a semicircle (42). Compounded figures are then discussed (43). Finally,
geodesy is treated, with prescriptions for partitioning (not necessarily complex) figures into simpler
ones; the sequence of figures is the same as above (4459, plus two species of tymbé).

The so-called Geodaesia is a Byzantine collection of excerpts from earlier geometric metrologi-
cal texts'®. It deals only with triangles and quadrangles. Sections on the subject-matter of geometric
metrology and on units of measurement prelude the problems; these measure space content and
relevant components of: squares (sect. 7; 9 items); rectangular parallelograms (sect. §; 4 items);
right-angled triangles (sect. 9; 18 items, including the rules traditionally ascribed to Pythagoras and
Plato for providing the sides of numerical right-angled triangles); equilateral triangles (sect. 10; 11
items); scalene triangles (sect. 11; 8 items); generic triangles by means of the Heronian algorithm
(sect. 12; 2 items). The style adopts the procedural code more often than in the standard compila-
tions. The result, while anonymous and made of extracts, bears a clear authorial stamp. Given the
date of the manuscript witnesses to the Geodaesia, I am inclined to date it (and the Compendium)
to the first half of the 14" century.

A short text by Isaak Argyros (T ca. 1380; PLP 1285)*°, sometimes transmitted in the form of a
Letter to Kolybas (this slightly enriched version is almost certainly an authorial recension), deals
with the problem of how to measure non-rectangular figures. Argyros first provides a definition of
a right angle; he shows then, by comparing a square and a rhombus with equal sides, that two equi-
lateral quadrangles with equal sides need not have equal areas. Triangles are measured by drawing
and measuring a height. The final section, about measuring a generic quadrilateral by partition in a
central rectangle and a number of peripheral triangles, is not satisfactorily argued, and ends with
resorting to a prescription typical of fiscal geometry (see just below). In several manuscripts, Argy-
ros’ text is followed by a short note on Bryson’s circle quadrature and by a capsule geometric met-
rological collection (20 items: units of measurements, problems that measure area and relevant
components of: square; rectangles; quadrilaterals; right-angled, scalene, equilateral, acute- and ob-
tuse-angled triangles; circle), entitled From Hero’s Geodesy and comprising the algorithms edited
as Geom. 6, 1-2; 7, 1-3, 5-6; 11, 1-2, 24, 31-36; 17, 4-6, 8, 7. Heiberg shows that these extracts
come from the Liber geeponicus in Vat. gr. 215; he ascribes their compilation to Argyros himself>'.
Assemblies like this are easily found, as we see turning our attention to fiscal geometry.

A tradition of fiscal geometry or “geodesy” in the Greek language surfaces in Byzantine times.
The latter parameter was taken into account, in a particular system of imposition, by making some
basic units of measurement a function of the quality of the soil. We may draw a difference between
geometric metrology and geodesy because, in principle, the former employs “wrong” prescriptions
only when they are approximations—for instance, of the area of a circle—, the latter programmati-
cally applies in a systematic way “wrong” prescriptions®*. Parcels were imposed depending on their

For the edition, the identification of the sources, and a discussion of the manuscript tradition, see Hero, Opera omnia V
LXVI-XCVII, and XCVII-CXI, CXVII-CXXIII, 222-232 for a synopsis and editions of other Byzantine texts and scholia.

20 Critical edition in Argyros, Epistola. An edition based on Par. gr. 2419 (15" century; Diktyon 52051), ff. 197v—198r, a
highly incorrect copy that also carries a heavy recension, and Par. gr. 2013 (16" century; Diktyon 51640), ff. 151v—152v,
can be read in J. LEFORT — R.-C. BONDOUX — J.-C. CHEYNET — J.-P. GRELOIS — V. KRAVARI — J.-M. MARTIN, Géométries
du fisc byzantin (Réalités byzantines 4). Paris 1991, 154—158. The manuscript tradition of Argyros’ short text greatly over-
laps with the ones of the Geodaesia and of the Compendium; the prototypes of the two stemmatic branches are Vat. gr.
1411 (end of the 14" century; Diktyon 68042) and Marc. gr. Z. 323 (coll. 639; here ca. 1428; Diktyon 69794).

Hero, Opera omnia V 1c.

Justificatory discourse about geometric metrology not coming from fiscal milieux suggests that it was identified with
geometry and thereby kept distinct from geodesy: read the preface of Pediasimos’ Geometria, at 7, 4-9 Friedlein.
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area and on the quality of their soil. In fiscal geometry, for practical reasons, the area of a parcel
was estimated by applying a reduced set of standard prescriptions involving relevant linear ele-
ments of the parcel. As a matter of fact, all parcels, even triangular ones, were treated as more or
less “degenerate” quadrilaterals. Almost all such estimates lead to an overestimation of the area of
a parcel, that increases with the irregularity of its contour but that, however, seldom amounts to
more than some ten per cent. This overestimate was partly compensated for by the application of a
standard reduction rate, usually ten per cent. There were three basic prescriptions for estimating the
area of a region: (1) for irregular parcels, multiply one-fourth of the perimeter by itself; (2) for
semi-regular parcels of approximately constant length and appreciably variable width, multiply the
former by the arithmetic mean of a number of measures of the latter (this is Patrikios’ rule); (3) for
quadrilaterals (and hence triangles), take the product of the arithmetic mean of the opposite sides.
The last prescription can be further simplified for isosceles trapezia and for rectangles: replace one
or both arithmetic means by one of the equal sides. The elementary arithmetical operations in-
volved in the prescriptions never go beyond multiplication and halving.

The texts of fiscal geometry are organised exactly as geometric metrological collections are:
possibly an introduction dealing with generalities about land-surveying and units of measurement,
then certainly a series of problems serving as paradigmatic examples, usually graded by the com-
plexity of the figure involved. The corpus of such writings has no real cohesion: they are scattered
in a number of (frequently juridical) manuscripts®. These texts are all anonymous, with two nota-
ble exceptions: a short treatise of someone called “George” and a poem ascribed to Michael Psellos
(b. 1018)**. In particular, George’s work—which displays the verbosity that characterises so many
Byzantine scientific writings—expounds the subject-matter of geometric metrology (sects. 205—
217), the units of measurement and their conversions, along with pieces of information on the qual-
ity of soil (218-223), and basics about the practice of land-surveying (225); problems that measure
the area of the a series of figures follow: square (224); rectangle (226); generic quadrilaterals (227—
228); trapezium with a triangle on its top (229); equilateral (230), isosceles acutangle (231), scalene
(232) triangles; circles (233-234); a segment of a circle (235). The poem ascribed to Psellos ex-
pounds units of measurement and their conversions (284-286); reference directions and milestones
(287); problems that measure the area of the following figures: square (288); trapezium (289); equi-
lateral triangle (290); rectangle (291); circle (292); gnomon (293); irregular shapes (294-295); a
spherical cap (296); a slim trapezium (297); a cross (298). The rest of the poem (299-308) gives
prescriptions about the best practice of land-surveying (299, 301, and 304-308), the relationships
between some unit of measurement and the quality of the soil (300), and how to measure at sea
(302) and on ragged terrain (303).

The manuscripts that contain the most important compilations of fiscal geometry are Bucur.
BAR, gr. 493 (17™ century; Litzica 624; Diktyon 10566), ff. 125v—133r; Par. gr. 1043 (15" century;
Diktyon 50636), ff. 141r—144r; Par. suppl. gr. 676 (14" century; Diktyon 53411), ff. 89r-92v; Vin-

23 The sources are edited in F. HULTSCH, Metrologicorum scriptorum reliquiae. I-11. Lipsiae 1864—66 I, in E. SCHILBACH,
Byzantinische metrologische Quellen (Byzantina Keimena kai Meletai 19). Thessaloniké 1982, and in the excellent LEFORT
et al., Géométries (the latter with a rich discussion; the unity of some compilations is better highlighted in this book than in
Schilbach’s, who sometimes explodes a single collection into independent units); analysis of the units of measurement in
F. HuLTSCH, Griechische und rdmische Metrologie. Berlin 1882, E. SCHILBACH, Byzantinische Metrologie (Handbuch der
Altertumswissenschaft X11,4). Miinchen 1970. See also J. LEFORT, Le cadastre de Radolibos (1103), les géométres et leurs
mathématiques. 7M 8 (1981) 269-313.

24 Editions in Hero, Opera omnia V cv—cvii (only George, and partial but with a complete list of parallel passages in pseudo-
Heronian compilations); SCHILBACH, Quellen 86-92 (only George, and partial) and 116-125; LEFORT et al., Géométries
136-152 (George, complete and with identification of the sources) and 184-200 (Psellos), to whose sections I refer; Psel-
los, Poems 415—425. On Psellos’ poem see also P. MOORE, Iter Psellianum, A detailed list of manuscript sources for all
works attributed to Michael Psellos, including a comprehensive bibliography (Subsidia Mediaevalia 26). Toronto 2005
POE.58.
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dob. jur. gr. 1 (11" century; Diktyon 71008), ff. 345r—346r; Vindob. jur. gr. 2 (1** half of the 14™
century; Diktyon 71009), f. 380r—v; Vindob. jur. gr. 10 (2™ half of the 13" century; Diktyon
71017), ff. 85v—88v; Zaborda, Nikanor 121 (12" century; Diktyon 72403), ff. 226r-229v; the filler
in Laur. Plut. 74.5 (bound in disorder; 2" half of the 12" century; one of the products of Ioanni-
kios’ scriptorium; Diktyon 16660), ff. 182r—186r, which is followed by extracts from John of Da-
mascus and by first-rate computistical prescriptions. The important, multi-hand anthology in Laur.
Plut. 58.24 (12™ century; Diktyon 16660) contains on f. 124r, after two Rechenbuch-style problems,
two short problems of measurement of plane parcels (1 rectangle and 1 sail-like trapezium) and a
conversion between units of measurement®. Fiscal geometry also features in Vat. Pal. gr. 367 (Cy-
prus; 1317-20; Diktyon 66099), ff. 88v—91r: capacity of ships and measurement of quantities of
specific goods like oil, wine, and salt; and 94r—97v: title arché syn theo tés geometrias, 13 prob-
lems of measurement of plane parcels (4 triangles, 1 square, 3 rectangles, 2 trapezia, 1 of which is
said to be sail-like, 1 generic quadrilateral, 2 threshing-floors shaped as a circle) which are inter-
spersed by sequences on units of measurement. These texts close a fully-fledged Rechenbuch that
also contains an Easter Computus®®. Personal anthologies as the one in Par. gr. 2419 (the notebook
of George Meidiates), ff. 195v—198v, may assemble items like George, Argyros’ Letter to Kolybas,
and an additional set of prescriptions for quadrilaterals, triangles, and circles. Structured texts like
these usually feature, among the introductory considerations, extracts from geometric metrological
compilations; George has long extracts, and even mentions Hero of Alexandria.

A relevant portion of the corpus of fiscal geometry is contained in manuscripts earlier than the
12" century; some texts must predate a reform, amounting to a redefinition of a basic unit of meas-
urement, introduced by one of the Byzantine emperors of the 11" century called Michael. All in all,
about one-third of the corpus certainly predates 1204.

CONTENTS AND AUTHORSHIP OF THE COMPENDIUM

The contents of the Compendium can be outlined as follows?’. As is customary, the text opens with
definitions concerning the subject-matter of geometric metrology (sects. 1 and 23), with list of units
of measurement (2 and 23), and with conversions between some units of measurement (3). The
bulk of the work expounds how to measure the space content and relevant components of: squares
(4); rectangles (5); equilateral triangles (6); right-angled triangles (7); obtuse- and acute-angled
triangles (9); circles inscribed in and circumscribed to triangles (10); rhombi (11); rhomboids (12);
the circle (13); semicircles (14); segments of a circle other than a semicircle (17); regions enclosed
between mutually tangent circles, and squares inscribed in and circumscribed to circles (18); trape-
zia (19); regular n-gons, with n =5 ... 12 (20 and 22); irregular figures (21); the sphere (24); cones
(25); obelisks (26), cylinders (27); cubes (28); wedges (29); meiouroi, namely, prisms with triangu-
lar or quadrangular base (30); columns (31); bricks (32); pyramids (33). One is also explained how

25 The texts in Laur. Plut. 74.5 are edited in SCHILBACH, Quellen II, 18, 21, 24, 6, 15, 6, 22, and LEFORT et al., Géométries

78-103. The text in Laur. Plut. 58.24 is as follows: o@eilel petpeicbor 10 1eTpdy®vov ympiov pécov 10 TAGTOG Kol TO
piKog. kol €av €0pebdi] pfkog N kai mAdtog €, yNneile obtmg: mévia 1, p. kai ot [obtwg] 1, ftot oif pddiot. &t 8¢ Evi
appevoeldéc, petpeiocbon 0peilet 10 TAGTOg €ig 300, fjTol £mi TV oTev|v Kol £mi TV TAatelay, Kol VeeilecBot o ion Tod
10600 TOV OpyvdV, Kol To Npion yneilecbal peta tod provg, kai avapifalewv. Eott 8¢ 6 podd0g 6 OpyLdV, 1| 8 Aitpo.
opyvai €. The Computi in these two manuscripts are edited in F. ACERBI, Byzantine Easter Computi 978-982 and 975-978,
respectively.
These problems, as well as short texts on ff. 69v, 73v, 76v, 79r—v, 80r—v, 83v, 84r, 98r, are edited, sometimes broken into
smaller units and in perturbed order, in SCHILBACH, Quellen I, 5cd; 1L, 4, 14, 16, 18; 111, 1, 2¢k; IV, 4d, 8bf, and, more sat-
isfactorily, in LEFORT et al., Géométries 48—59. The Computus is edited in F. ACERBI, Byzantine Easter Computi 534-541.
See the Annotated Paraphrase below for details. A summary of the Compendium, with indication of the initial borrowings
from the Geometrica, was already given in Hero, Opera omnia V 1C—CIL.
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10 Fabio Acerbi

to construct numerical right-angled triangles by using Pythagoras’ and Plato’s prescriptions (8), a
criterion for establishing the species of a circular segment (15), and how to compute the diameter
of the circle equal to a given rectilinear region (16). Sections 4—7 and 11 also provide constructions
of the objects at issue.

The authorship of the Compendium can only be a matter of speculation. Its tradition strongly
suggests that this work is a 14M-century elaboration. The presence of Isaak Argyros’ and Nicholas
Rhabdas’ works in the prototype of the tradition encourage making a case for identifying either of
them as the author. The subject-matter appears to favour Rhabdas (fI. 1321-40; PLP 1437), who
was a land-surveyor, but this is counterbalanced by the fact that Argyros wrote a metrological text.
As we shall see, the state of the text of the Compendium points to a damaged model, possibly a
draft waiting for being edited (even the title is missing). There are several mathematical mistakes,
not all of which can be justified by material damages or copying mistakes. This does not decide the
issue, for both Argyros and Rhabdas were prone to commit trivial mistakes®®. The question of au-
thorship must be left open.

THE MANUSCRIPT WITNESSES OF THE COMPENDIUM

Only seven manuscript witnesses of the Compendium are known to me*’. Six of them are more or
less obvious systematic apographs of the only independent witness, namely, Vat. gr. 1411. The
stemmatic relations in which Vat. gr. 1411 is involved have been established in a series of studies. I
shall briefly expound these relations at the beginning of the next Section.

B. Berlin, Staatsbibliothek (PreuBischer Kulturbesitz), Phillipps 1555 (Diktyon 9456) + Oxford, Bod-
leian Library, Auct. T.1.22 (Misc. 200; Diktyon 47148); mm 324x240; a set of quires copied in Bar-
tolomeo Zanetti’s atelier and now bound as two separate codices; 1539-42; copyists <George> (ff.
104r—106v + 2r-17v) and <Nicholas Kokolos> (1r—72v + 65r—78v), <Bartolomeo Zanetti> (// + 41r—
64v) plus hands A (73v-103v + 18r-24v) and B (// + 25r-40v)*°. The Compendium is on ff. 102v—
103v des. yeyovotog apiBuod + 18r—24v inc. dpeke 1oV Tii¢ Pdoews. Other works in the manuscripts:
Phillipps 1555: ff. 1r—-54v Aristides Quintilianus, De musica; 54v—63r Anonymus Bellermann; 64v—
69v Bacchius Senex; 69v—72r Dionysius [Pseudo-Bacchius], De arte musica; 72r Bacchii epigram-
ma; 12r—v Mesomedis hymni tres; 73v—91r loannes Pediasimos, scholia in Cleomedis Caelestia;
91r-92r [loannes Pediasimos], two astronomical texts excerpted from Cassius Dio, with a diagram®';
93r-100v [Hero], Geodaesia; 100v—102r Isaak Argyros, Epistola ad Kolybam; 104r—106r Introduc-
tio in Euclidis Elementa, inc. mut. €]yer, 106r Neophytos Prodromenos, De numeris indicis. Bodl.
Auct. T.I1.22: ff. 2r-5v Theodoros Prodromos, De magno et parvo; 6r—17v Introductio in Euclidis
Elementa, des. mut. &[ye1; 25r—40v Eusebius Caesariensis, Contra Hieroclem; 41r—64v Catena in
Canticum Canticorum; 65r—78v [Plutarch], De musica.

28 See F. ACERBI, Riscrivere Tolomeo a Bisanzio. Concezione ed appropriazione delle Tabulae Novae di Isacco Argiro.

Bollettino dei Classici 44 (2023) 1-112 and F. ACERBI, A New Logistic Text of Nicholas Rhabdas. Byz 92 (2022) 17-45
(which also see for Rhabdas being a land-surveyor), respectively.

The editions of all works contained in the manuscripts are listed in the “Printed Sources” section of the Bibliography.

30" W. STUDEMUND — L. COHN, Verzeichniss der griechischen Handschriften der Koniglichen Bibliothek zu Berlin. 1. Codices
ex bibliotheca Meermanniana Phillippici Graeci nunc Berolinenses. Berlin 1890, 65; T. J. MATHIESEN, Ancient Greek Mu-
sic Theory. A Catalogue Raisonné of Manuscripts (/nternational Inventory of Musical Sources Bxi). Miinchen 1988, 79—
82; A. CATALDI PALAU, A Catalogue of Greek Manuscripts from the Meerman Collection in the Bodleian Library. Oxford
2011, 180-186. The first two copyists of the Bodleian manuscript are identified in RGK I 65 and 310, respectively. See al-
so RGK 11 84 and 429, 111 107.

For these excerpts see also R. B. TobD, The Manuscripts of John Pediasimus’ Quotations from Dio Cassius. Byz 56 (1986)
275-284.
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These two manuscript collect quires produced in the copying campaign sponsored by Guillaume Pellicier, who
was the French ambassador in Venice from June 1539 to October 154232, Problems arose when these quires
were bound in two separated codices. The Compendium—and, more generally, the geometric metrological
items, copied by hand A along with Pediasimos’ scholia—was split as indicated above; Pseudo-Plutarch De
musica was separated from the other treatises of harmonic theory (this production unit was copied by Nicholas
Kokolos). It is also obvious that ff. 6r—17v of Bodl. Auct. T.1.22 must be followed by ff. 104r-106r of Phil-
lipps 1555, and this makes the entire production unit copied by George Kokolos. For these isagogic texts see
F. ACERBI, I codici matematici di Bessarione, in A. Rigo, N. Zorzi (eds.), I libri di Bessarione. Studi sui mano-
scritti del Cardinale a Venezia e in Europa (Bibliologia 59). Turnhout 2021, 107-218: 131-138 and 143. The
model of this isagogic compilation is Par. gr. 1928 (2™ quarter of the 14" century; copyist mostly Neophytos
Prodromenos, but here Matthew Chortatzes [RGK 11 367]; Diktyon 51555), ff. 6r—15r. With the exception of
the Geodaesia and of Argyros’ short treatise, the quires penned by hand A are a copy of Vat. gr. 1411 (V), as
follows (the original folio numbers of V are given, see the Appendix):

B 73v-92v 102v-103v + 18r—24v
V  328r-335v 140r—-149r

. El Escorial, Real Biblioteca del Monasterio de S. Lorenzo, ®©.1.10 (gr. 188; Diktyon 15142); mm

333%215; ca. 1542; copyists Nicholas Murmuris (ff. 1r—127v and 144r-231v, subscription on f.
209v, dated April 29, 1542), <loannes Mauromates> (128r—143r, 7), Petrus <Carnabacas> (143r, 8—
143v)*. The Compendium is on ff. 100r—108r. Other works in the manuscript: ff. 1r—50r Hero,
Pneumatica 1-11; 50v—70r Hero, Automata; 73r—77r Manuel Moschopoulos, De numeris quadratis;
77v—83v Maximus Planudes, Psephophoria secundum Indos — recensio Rhabdas, des. 61, 8 gipntot;
84r-88v Nicholas Rhabdas, Epistola ad Khatzykem; 89r—90v arithmetical tables; 91r—v arithmetical
problems Ci, A1, As; 91v-98v [Hero], Geodaesia; 98v two magic squares 6> and 10%; 99r—100r Isaak
Argyros, Epistola ad Kolybam; 108v—124r Nicholas Rhabdas, Epistola ad Tsavoukhem; 124v—126r
Isaak Argyros, On the first stereographic projection used in Ptolemy’s Geography; 126r—v [Michael
Psellos], De duodecim ventis**; 126v—127r prose text on the winds; 127r—v three short geographical
texts; 128r—143v George Pachymeres, Paraphrasis in Aristotelis mechanica®; 144r—159v Ioannes
Pediasimos, scholia in Cleomedis Caelestia; 159v—160v [loannes Pediasimos], two astronomical
texts excerpted from Cassius Dio, with a diagram; 161r—164r Nikephoros Gregoras, protheoria in

See A. CATALDI PALAU, Les vicissitudes de la collection de manuscrits grecs de Guillaume Pellicier. Script 40 (1986) 32—
53. After Pellicier’s death, parts of his collection followed the trajectory of ownership Claude Naulot — Jesuits of Cler-
mont — Gerard Meerman (and hence the Bodleian Library) — Thomas Phillipps (and hence the PreuBische Staatsbiblio-
thek).

See G. DE ANDRES, Catdlogo de los Codices Griegos de la Real Biblioteca de El Escorial. II. Cédices 179-420. Madrid
1965, 15-17, and CCAG X1.2 19-24. For the distribution of the hands see D. HARLFINGER, Die Textgeschichte der Pseudo-
aristotelischen Schrift PERI ATOMON GRAMMON. Amsterdam 1971, 196. For Murmuris see RGK 1 314bis, 11 434, 111
507 (copies dated 1540-43); for Mauromates see RGK 1 171, II 229, III 283 (copies dated 1545-65), for Carnabacas see
RGK 1346-347; 11 474-475; 111 551 (copies dated 1542—46). See also A. BRAVO GARCiA, Dos copistas griegos de Asula-
nus y de Hurtado de Mendoza. Faventia 3 (1981) 233-239; O. L. SMITH, On Some Manuscripts of Heron, Pneumatica.
Script 27 (1973) 96-101, 98—101. These two studies are also relevant to Par. gr. 2428.

For the five Psellian treatises see in the order in which they are copied in this manuscript, the items POE.59, PHI.111,
PHI.112, THE.165, THE.168 in MOORE, Iter. The two theological texts are argued to be spurious in P. GAUTIER, Le De
daemonibus du Pseudo-Psellos. REB 38 (1980) 105-194 and P. GAUTIER, Pseudo-Psellos : Graecorum opiniones de dae-
monibus. REB 46 (1988) 85-107, the short poem is deemed inauthentic in Psellos, Poems XXIX.

This paraphrasis, which is part of an Aristotelian compendium in twelve books and still lies unedited, is almost identical to
the original. This fact has given rise to a series of annotations on ff. VIr and 128r: see P. MORAUX — D. HARLFINGER — D.
REINSCH — J. WIESNER, Aristoteles Graecus. Die griechischen Manuskripte des Aristoteles. Erster Band. Alexandrien —
London. Berlin — New York 1976, 164; CCAG XI1.2 22.
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Synesii De insomniis; 1641—187v, Synesios, De insomniis cum Gregorae scholiis®®; 189r—v [Manuel
Moschopoulos], De insomniis; 189v—195r excerpta e Meletii tractatu De natura hominis; 195r—196r
excerpta de medicina’’; 196v Ippocrates, Elementa’®; 197r—198v Diocles of Carystus, Ad Antigonem
regem de tuenda ualetudine; 199r—200v collectio remediorum™; 200v—205v excerpta de medicina;
206r Manuel Holobolos, In mortem Andronici Tornicis; 206v—209v Demetrios Triklinios, Excogita-
tum de lunae figuris; 210r—217v Michael Psellos, in Oracula Chaldaica expositio; 217v—218v Mi-
chael Psellos, Summaria Chaldaicorum dogmatum expositio; 219r—221r [Michael Psellos], Graeco-
rum opiniones de daemonibus; 221v-231v [Michael Psellos], De operatione daemonum.

A set of quires realised by copyists who worked for Diego Hurtado de Mendoza, the Spanish ambassador in
Venice from May 1539 to October 1547. After the two Heronian treatises, and excluding George Pachymeres’
Paraphrasis (penned by different hands), Scorial. ®.1.10 is a partial yet systematic copy of Vat. gr. 1411 (V),
as follows (lost portions of V are within square brackets):

D  73r-124r 124v-127v  144r-160v  161r-196v 197r-205v ~ 206r-209v  210r-231v
V.  128r-162v  59r-60v  328r-335v [198r-234v] [251r-258v] [336-337] 163r—179v

. Istanbul, Topkap1 Saray1, G.1.19 (Diktyon 33965); mm 135x90, 1% half of the 15™ century; copyist

<Isidoros of Kiev>". The Compendium is on ff. 90v—105v. Other works in the manuscript: ff. 4r—
50v Aristoteles, De generatione et corruptione; 51r—69v Proclus, Elementatio physica; 76r—90r [He-
ro], Geodaesia; 106r—107v arithmetical problems As, C,, Ci, A1, Az; 108r—109r astrologica et mete-
orologica quaedam®'; 110r—115v Anonymus, TpoyveoSTIKOV md TdV &V TH TaAdun ypapupdv; 116r—
151r <Aelianus>, Theoria tactica; 151v Anonymus, cOvIa&lc OTAIT®OV TETPAY®VOG EXOVGO EVTOG
kaforraplov; 152r representation of the mapdta&ic tetpdymvog; 153r—155v Leo VI the Wise, ex-
cerptum tacticum;** 156r—238v Hero, Pneumatica 1-11; 246r—247v arithmetical problems; 247v—

The manuscript tradition of Gregoras’ commentary is studied in P. PIETROSANTI, Per un contributo all’edizione critica del
Commento di Niceforo Gregora al de insomniis di Sinesio di Cirene. Acme 49 (1996) 157-175. For the ascription of the
subsequent item to Moschopoulos see G. MERCATI, I codici Vaticani latino 3122 e greco 1411, Archivio Storico Italiano 78
(1920) 269-282, reprinted in ID., Opere minori. Volume IV (1917-1936) (StT 79). Citta del Vaticano 1937, 154-168, 279
n. 1.

See CCAG XI1.2 23, to be checked with R. FORSTER, Eine Handschrift des Serail. Philologus 42 (1884) 167-170, 169 (ff.
248r-250v [= 239r—241v Férster] of Seragl. G.1.19), MERCATI, Codici 279, and E. MARTINI, Catalogo dei manoscritti greci
esistenti nelle biblioteche italiane. Milano 1896, 402. Meletius can be read in PG LXIV 1075-1310.

For this and the following item see H. DIELS, Die Handschriften der antiken Artze. I-II. Berlin 1905-06 I, 46, II 27-28,
respectively.

For this and the following item see CCAG X1.2 23-24; MERCATI, Codici 279-280; MARTINI, Catalogo 404—405.
Descriptions in FORSTER, Handschrift and in MORAUX — HARLFINGER — REINSCH — WIESNER, Aristoteles Graecus 373-375.
See also M. RaSHED, Die Uberlieferungsgeschichte der aristotelischen Schrift De generatione et corruptione (Serta
Graeca 12). Wiesbaden 2001, 21, 250, 273-274 and Abb. 8. The copyist was first singled out as Anonymus 8 in HARLFIN-
GER, Textgeschichte 418, then identified with Isidoros of Kiev in D. HARLFINGER, Griechische Handschriften und Aldinen:
Eine Ausstellung anlésslich der XV. Tagung der Mommsen-Gesellschaft in der Herzog-August-Bibliothek Wolfenbiittel.
Herzog-August-Bibliothek Wolfenbiittel, 16. Mai bis 29. Juni 1978 (dusstellungskataloge der Herzog-August-Bibliothek
24). Braunschweig 1978, 51. This manuscript is not included in M. MANFREDINI, Inventario dei codici scritti da Isidoro di
Kiev. Studi Classici e Orientali 46 (1998) 611-624. On Isidoros see RGK I 155, 11 205, IIT 258; PLP 8306.

Two texts: the former (f. 108r) fit. mepl GV onpoivel ¢ KOGHM 6 &V TH| AVACTP® GEAIpY BPIS KIVODHEVOC, inc. TIVEC TMV
QOGOP®OV EIMOV Elval GvaoTpov ceoipay, Eve SnAovott THe NS TV amlavdy ceaipac, fviva kai 8% Aéyovct cpoipav
des. ta. 8¢ Tiig meviag (mowa giow N MopBévog kal 6 Kdwv; the latter (ff. 108v—109r) tit. mepi vepéing, xdvog, yoAaling,
Bpoxfis, OpixAng, mhyvng, kpvotdhov Kol dpociag, inc. | VeEPEAN dTpdg £otl Kai avabupiootig To KOKA® TG Yiig dKEavoD
des. kol obtwg gvpiokovTal Kol KAt T0 Téocopa TadTa, 1) OpiyAn, 1 méyvn, 1 6pocia kai 6 KPLGTAAOG, KATA pHipne T@V
EMGVD TECOAPMV.

Tactica, constitutio TV.6 segg., inc. mpdT KEPAA 0 oTpaTnyOC, Kol per’ avtov ol pepapyor (PG 107, 701A6) des. npog
TOVG &V Tf] TOAEL €K TAVTNG PLdYOVTaL.
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248r collectio remediorum®; 248r-250v excerpta de medicina; 251r—273r Adamantios, Physiogno-
monica 1-11, des. 2, 36, 1 ta mheim; 273r-276vV TOPUCUEIMGEIS TPOYVMOCTIKOL TTEPL THG HEALODONC
TOD A€POG KATUOTACEMG; 276v—277V TOPACTUEIMGELS Ao TG TAV AAdYwV (mov dubécemg; 278r—
281r loannes Pediasimos, two astronomical texts excerpted from Cassius Dio, with three diagrams;
282r-291v [Ammonius] <Nikephoros Gregoras>, De constructione astrolabii; 292r-316r loannes
Philoponos, De usu astrolabii; nota de astrolabio; 317r—319v George Kodinos, De officiis XX;
319v=330r Donatio Constantini; 330v—332r Michael Psellos, De bellica dispositione**.

Seragl. G.1.19 is a partial yet systematic copy of Vat. gr. 1411 (V), as follows (the original foliation of Seragl.
G.1.19 is in the row above):

K 76r-90r 90v-105v  106r—107v  246r-247v  248r-250v  251r-273r 273r-277v 278r-279r

K 73r-87r 87v-95v 96r-97v  237r-238v  239r-241v  242r-264r 264r-268v 269r—270r

M

43
44
45

46

47

V  140r-143v  144v—149r 124r, 140r  [162] [233]  259r-267v  299r-301v  335r-v

. Miinchen, Bayerische Staatsbibliothek, Cod. graec. 100 (Diktyon 44544); mm 330x230; composite;
ca. 1550 and 1551; copyists Main 5 Mon. 27 (ff. 1r—347r) and loannes Murmuris (348r—458r, sub-
scription on f. 458r, dated 1551), plus several annotators®. The Compendium is on ff. 273v—284r.
Other works in the manuscript: ff. 1r—47r, 90r—103r, 137r-142v, 328v—347r Damascius, in Phae-
donem; 48r—89v Proclus, in Cratylum; 103r—137r Damascius, in Philebum; 142v—152r Theophylact
Simocatta, Quaestiones physicae; 152r-170v Nemesius, De natura hominis*, from chapt. 35; 170v—
185v Demetrios Kydones, De contemnenda morte, des. 36, 13 €ipficbw; 186r—209r loannes Pedia-
simos, scholia in Cleomedis Caelestia; 209r—v [loannes Pediasimos], two astronomical texts ex-
cerpted from Cassius Dio, with a diagram; 210r—220r Michael Psellos, in Oracula Chaldaica exposi-
tio; 220r—221r Michael Psellos, Summaria Chaldaicorum dogmatum expositio; 2211—224r [Michael
Psellos], Graecorum opiniones de daemonibus; 224r—237r [Michael Psellos], De operatione dae-
monum; 238r—243v Manuel Moschopoulos, De numeris quadratis; 244r—-252v Maximus Planudes,
Psephophoria secundum Indos — recensio Rhabdas, des. 61, 8 gipnrat; 253r—v Maximus Planudes,
Verse for Ptolemy’s Geography’; 254r—-266r Isaak Argyros, De cyclis solis et lunae ad Andronicum;
267r-270v Isaak Argyros, Tabulae novae (Almagest); 272r-273v Isaak Argyros, Epistola ad Koly-
bam; 284v-287v Nicholas Rhabdas, Epistola ad Tsavoukhem, des. 126, 26; 288r-328v Oympi-
odoros, in Phaedonem; 348r—457v Theodoros Metochites, Stoicheiosis Astronomike 1.1-31, 34.

The two sets of copies that make up this manuscript were collected, and very likely commissioned, by Joannes
Jakob Fugger (first trace in a 1557 inventory); his collection was acquired in 1571 by the ducal court library in
Miinchen. Damascius’ and Olympiodoros’ commentaries stem from Marc. gr. Z. 196 (coll. 743; middle of the
9t century; Diktyon 69667) and from Ricc. 37 (olim K.IL.31; 15" century; Diktyon 17037), respectively. The

Tit. mepi TvOV VYIEW®V, inc. Tolevod i fikovoa des. Bdatt (Ecog kai youypavag, moTile.

See MOORE, Iter, item CET.DISC.4.

Description in M. MOLIN PRADEL, Katalog der griechischen Handschriften der Bayerischen Staatsbibliothek Miinchen.
Band 2. Codices graeci Monacenses 56-109. Wiesbaden 2013, 270-279. Identification of the copyists in B. MONDRAIN,
Copistes et collectionneurs de manuscrits grecs au milieu du XVI® si¢cle: le cas de Johann Jakob Fugger d’ Augsbourg. BZ
84-85 (1992) 354-390; For Murmuris see RGK I 172, 11 230. On Metochites’ treatise see B. BYDEN, Theodore Metochites’
Stoicheiosis Astronomike and the Study of Natural Philosophy and Mathematics in Early Palaiologan Byzantium (Studia
Graeca et Latina Gothoburgensia 66). Goteborg 2003.

A study of the textual tradition of this text is in M. MORANI, La tradizione manoscritta del De natura hominis di Nemesio
(Scienze Filologiche e Letteratura 18). Milano 1981.

The poem is followed by a 3-verse epigram. On the former see also F. PONTANI, The World on a Fingernail: An Unknown
Byzantine Map, Planudes, and Ptolemy. Traditio 65 (2010) 177-200, and C. M. MAzzuccHI, Il Tolomeo Ambr. D 527 inf.
e 1 versi di Massimo Planude sulle carte della Geografia (Ambr. A 199 sup.), in: Miscellanea Graecolatina I, a cura di F.
Gallo. Roma 2013, 259-266.



14

Fabio Acerbi

model for Nemesius is Ambr. D 338 inf. (gr. 967; end of the 15" century; Diktyon 42627). Theodoros
Metochites’ Stoicheidsis Astronomiké was copied from Marc. gr. Z. 329 (coll. 734; middle of the 14" century;
Diktyon 69800). The rest of the scientific section is a partial yet systematic copy of Vat. gr. 1411 (V), as fol-
lows:

M  186r-209r 209r—v 210r-237r 238r-252v 253r—v 254r-267r 267r-271v 272r-287v
V 108r-115r 115r—v  26r-42v 118r—-126v  127r—v 167r—174v  160v—-164r 17r-24v

p. Paris, Bibliotheque Nationale de France, Parisinus gr. 2428 (Diktyon 52060); composite; ca. 1542;

48

49

50

two anonymous copyists, one responsible for ff. 73r—115v, the other for the rest**. The Compendium
is on ff. 214v—225r. Other works in the manuscript: ff. 1r-51v Hero, Pneumatica 1-11; 52r—71v He-
ro, Automata; 73r—115v Theon of Smyrna, Expositio rerum mathematicarum ad legendum Platonem
utilium; 116r—178v Nemesius, De natura hominis; 181r—185v Manuel Moschopoulos, De numeris
quadratis; 186r—193v Maximus Planudes, Psephophoria secundum Indos — recensio Rhabdas, des.
61, 8 gipnrai; 194r—200v Nicholas Rhabdas, Epistola ad Khatzykem; 201r—202v arithmetical tables;
203r—v arithmetical problems Ci, A1, As; 203v—212v [Hero], Geodaesia; 212v two magic squares 6
and 10%; 213r-214v Isaak Argyros, Epistola ad Kolybam; 225r-245v Nicholas Rhabdas, Epistola ad
Tsavoukhem; 246r—248r Isaak Argyros, On the first stereographic projection used in Ptolemy’s Ge-
ography; 248v—249r [Michael Psellos], De duodecim ventis; 249r—v prose text on the winds; 249v—
250r three short geographical texts.

If we exclude Theon of Smyrna (penned by a different hand) and Nemesius, Par. gr. 2428 is a partial yet sys-
tematic copy of Scorial. ®.1.10 (D), and hence of Vat. gr. 1411 (V), as follows:

p 1r-71v 181r-245v  246r-250r
D 1r-70r  73r-124r 124v-127v
v / 128r-162v  59r-60v

The two apographs were almost certainly produced in strict succession, within the atelier that in Venice
worked for Diego Hurtado de Mendoza; see SMITH, Some Manuscripts 100: “In all probability, Par. 2428 was
copied while @. I. 10 was still in the scriptorium”.

. Vatican City, Biblioteca Apostolica Vaticana, Rossianus 986 (Gollob 16; olim X1.136; Diktyon

66453); mm 230x150; 2" quarter of the 15™ century; some Demetrius (subscription on f. 389r) and
two different hands (ff. 97v—104v and 150v—151v)*. The Compendium is on ff. 114v—122v. Other
works in the manuscript: ***; f. 97v nota astronomica; 98r—104v Table of Noteworthy Cities, ex-
tracted from Ptolemy’s Geography; 105r—112v [Hero], Geodaesia; 113r—114v Isaak Argyros, Epis-
tola ad Kolybam; 123r—141v Nicholas Rhabdas, Epistola ad Tsavoukhem, des. 186, 18; 142r-146v
Nicholas Rhabdas, Epistola ad Khatzykem; 147r—148v arithmetical tables; 148v definitiones metri-
cae; 149r—150r extracts from Maximus Planudes, Psephophoria secundum Indos, and from Nicholas
Rhabdas, Epistola ad Khatzykem™; 150v—151v Hermes Trismegistos, De terrae motu; 153r—210r
Cleomedes, Caelestia 1-1I; 212r-230v Ioannes Pediasimos, scholia in Cleomedis Caelestia; 230v—
231v loannes Pediasimos, two astronomical texts excerpted from Cassius Dio, with two diagrams;

See BRAVO GARCiA, Dos copistas; O. L. SMITH, Some Manuscripts 99—101; Ch. ASTRUC, Sur quelques manuscrits de
Némésius d’Emése. Script 19 (1965) 288-293, 290-291.

A detailed description of the manuscript is in E. GOLLOB, Die griechische Literatur in den Handschriften der Rossiana in
Wien. L. Teil. Sitzungsberichte der Kaiserliche Akademie der Wissenschaften in Wien. Philosophisch-Historische Klasse
164(3) (1910) 1-116, 43-65, and see also CCAG V.4 107-109. I list only the scientific items; the omitted works are
marked by ***.

The four extracts from Planudes’ treatise are as in Planudes, Psephophoria 27, 1-29, 14; 31, 18-23; 33, 2—-10; 35, 1-2; the
one from Rhabdas’ is edited in Rhabdas, Epistola ad Khatzykem 96, 13-98, 22 v povédo.
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232r—v criticism of the second diagram®'; 233r description of the lunar phases; 233v—234r [Michael
Psellos], De duodecim ventis; 234r—v prose text on the winds; 234v—235r three short geographical
texts; 235v astronomical text; 236r—v arithmetical text allegedly excerpted from Diophantos’ Arith-
metica; 236v—237v arithmetical problems; 237v-238v arithmetical problems Asz, C,, Ci, A1, As;
238v-239v notae et diagrammata de harmonia>; ***.

Vat. Ross. 986 is an early systematic copy of Vat. gr. 1411 (V), as follows:
R 97v—-104v  105r-141v  142r-148v 148v—151v  153r-210r 212r-232v 233r

\'% / 140r-[162] 137r-140r / 1r-33v 328r—335v  33v-34r
R 233v-235r 235v 236r—v 236v-237v  237v-238v  238v-239v
vV  59v-60v 34v / [162] 124r, 140r /

The text on f. 236r—v of Vat. Ross. 986 was very likely contained in Vat. gr. 1411 too.

. Vatican City, Biblioteca Apostolica Vaticana, Vat. gr. 1411 (Diktyon 68042); mm 220%144; unitary

but incomplete and bound in disorder, the first four quires of the original codex are ff. 638 of
Ambr. A 92 sup. (gr. 23; Diktyon 42205); end of the 14™ century, watermark range 1370-1414; a
single copyist, in a typical Eugenikosschrift>. The Compendium is on ff. 17v—23r. Other works in
the manuscript: ff. 1r—9v Adamantios, Physiognomonica 1-11, des. 2, 36, 1 10 mhei®w; 10r—11v Nicho-
las Rhabdas, Epistola ad Khatzykem; 12r—13r arithmetical tables; 13r arithmetical problems Ci, A1,
As; 13r—16v [Hero], Geodaesia; 16v two magic squares 6> and 10 17r—v Isaak Argyros, Epistola
ad Kolybam; 23r-25v Nicholas Rhabdas, Epistola ad Tsavoukhem, des. mut. 132, 31 éotv 0 Kg;
26r—-32r Michael Psellos, in Oracula Chaldaica expositio; 32r—33r Michael Psellos, Summaria
Chaldaicorum dogmatum expositio; 33r—34v [Michael Psellos], Graecorum opiniones de daemoni-
bus; 34v—42v [Michael Psellos], De operatione daemonum; 43r—60r loannes Philoponos, in Ni-
comachi Introductionem arithmeticam I — recensio 1I'*; 611—92v Nikomachos, Introductio arithmeti-
ca I-11; 93r—106r loannes Philoponos, in Nicomachi Introductionem arithmeticam II — recensio 11;
106r arithmetical problems As, Cy; 108r—115r loannes Pediasimos, scholia in Cleomedis Caelestia;
115r—v [loannes Pediasimos], two astronomical texts excerpted from Cassius Dio, with a diagram;
118r—121r Manuel Moschopoulos, De numeris quadratis; 122r—126v Maximus Planudes, Psepho-
phoria secundum Indos — recensio Rhabdas, des. 61, 8 ipntai; 127r—v Maximus Planudes, Verse for
Ptolemy’s Geography; 128r—150v Ptolemy, Geographia 1.1-11.1.11, VIL.5.1-16, VIII.1.1-2.3; 151r—
v Isaak Argyros, On the first stereographic projection used in Ptolemy’s Geography; 151v—152r
[Michael Psellos], De duodecim ventis; 152r—v prose text on the winds; 152v three short geograph-
ical texts; 153r—160r Isaak Argyros, De constructione astrolabii; 160v—163v Isaak Argyros, Tabulae
novae (Almagest) plus a scholium; 164r incomplete table of the length of daylight, as a function of
the solar longitude in degrees of each sign, for the latitude of 42° 167r—174v Isaak Argyros, De cy-
clis solis et lunae ad Andronicum; 174v—179r varia astronomica, geographica, astrologica.

The original contents and ordering of Vat. gr. 1411 can be reconstructed from the very detailed index on ff. 1r—
8v of Vat. lat. 3122, a manuscript that contains only translations of works contained in Vat. gr. 1411 (MER-

This and the following item are edited in ACERBI, Problemi, Texts 2 and 3, and see also notes 16 and 17. For the former,
see also Triklinios, Excogitatum de lunae figuris 167.

See ACERBI, Problemi, 137-138 n. 21 and Texts 5 and 6.

A detailed description and a reconstruction of the original codex—completed in the Appendix below—and a bibliography
can be found in ACERBI, Problemi 138-143, which also see for the texts on ff. 174v—179r. For the copyist see C. GIACO-
MELLI — D. SPERANZI, Dispersi e ritrovati. Gli oracoli caldaici, Marsilio Ficino e Gregorio (iero)monaco. Scripta 12 (2019)
113-142, 130 n. 5.

On the several recensions of Philoponus’ commentary, see most recently F. ACERBI, La tradition manuscrite de la « Recen-
sion IV » du commentaire a I’ Introductio arithmetica de Nicomaque. Revue d’Histoire des Textes 18 (2023) 35-96.
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CATI, Codici, but see already H. Stevenson in R. FORSTER, De Adamantii Physiognomonicis recensendis. Phi-
lologus 46 (1888) 250-275, 259-262 and n. 12). This index allows us to identify ff. 6-38 of Ambr. A 92 sup.
(gr. 23; Diktyon 42205) as the first four quires of the original Vat. gr. 1411. The reconstruction is confirmed by
the fact that the manuscript Napoli, Biblioteca dei Girolamini, C.F. 2.11 (olim XXII.1; Diktyon 45944; see
MARTINI, Catalogo 397—415) is a partial yet systematic copy of some of the lost quires of Vat. gr. 1411, as fol-
lows:

N 112r-185v 186r-193v
VvV 163r-179v, [180-267] [305-322]

Vat. gr. 1411 belonged, still intact, to the library of Domenico Grimani (71523): A. DILLER — H. D. SAFFREY —
L. G. WESTERINK, Bibliotheca Graeca Manuscripta Cardinalis Dominici Grimani (1461-1523). Venezia 2003,
108-109. We find it already dismembered in the library of Fulvio Orsini (11600) (inscription ex libris Fulvij
Orsini n. 134 on f. IIr, and see P. DE NOLHAC, La bibliothéque de Fulvio Orsini. Paris 1887, 184 n. 5 and 347—
348: “Libro di varii autori d’Astronomia, di Geometria et di Mathematica con sue figure, scritto in papiro in-
4°, coperto di carta pecora”). The same conclusion we reach from the inventory made by Domenico Ranaldi
(11606), where we find the codex “gia mutilo e stravolto come ora” (MERCATI, Codici 271 n. 2). See the Ap-
pendix for the original contents and ordering of Vat. gr. 1411.

THE RELATIONSHIPS BETWEEN THE MANUSCRIPT WITNESSES OF THE
COMPENDIUM

Before discussing the variant readings, I list the studies that confirm the stemma to be presented
below. These studies are critical editions of works other than the Compendium contained in the
manuscript witnesses described above. These works are Argyros, Epistola ad Kolybam (ACERBI,
Epistola, stemma at the end of sect. 3.2); Adamantios (FORSTER, Scriptores, stemma at CXVIII);
Argyros’ tract on the stereographic projection (TSIOTRAS, Exegéetike paradose, 194-214 and stem-
ma at 215); Argyros, Tabulae novae (ACERBI, Riscrivere, stemma at 41); arithmetical problems
marked “C” and “A” (ACERBI, Problemi, stemma at 163); Hero, Pneumatica (SMITH, Some Manu-
scripts 98—-101); [Hero], Geodaesia (Opera omnia V LXVI-XCVII, stemma at XCVII); Pediasimos,
Scholia (CABALLERO SANCHEZ, El Comentario, stemma at 139); Planudes, Psephophoria (ALLARD,
Maxime Planude, stemma at 14); Rhabdas, both letters (Heiberg replaced Tannery’s original read-
ings of Par. gr. 2428 with those of Vat. gr. 1411!); Psellos (GAUTIER, De daemonibus and Pseudo-
Psellos, stemmas at 124 and 91, respectively, O’ MEARA, Philosophica Minora, stemma at XXIV).

In Vat. gr. 1411, the Compendium begins, without a title, after Argyros’ Epistola ad Kolybam
and three blank lines. Six blank lines also separate the exposition of stereometry from what pre-
cedes. Majuscule or minuscule rubricated letters are very frequent; they mark the beginning of eve-
ry self-contained metrological unit. Marginal titles to the sections abound. Abbreviated words,
standard compendia, and numerals are used throughout. A long scholium that refers to “the author”
(ho technikos) of the text, two short marginal notes, five signs nota bene, a few outlines of geomet-
ric shapes given in the margins, and two interlinear glosses point to an annotated model. Twelve
blank spaces of several letters are included in the text (lines 19, 39, 40, 42, 55, 104, 286, 291, 302,
303, 342), marking corruptions or damages. Most of these features will be retained in the apo-
graphs. The quirks listed above point to a damaged, at times corrupted (see lines 64—65, 298-299,
309-310, and compare the errors or omissions at lines 24, 111, 141, 152, 159, 164, 182, 202, 211,
216, 235, 314, 316, 327, 356), yet annotated model. A possibility is that an uncorrected draft had
been slightly annotated and then used as the blueprint for the copy in Vat. gr. 1411.

The relations between the manuscript witnesses of the Compendium are discussed below. The
variant readings of any witness are listed by taking the text of its model as a reference. The variant
readings I call “characteristic” are the Leitfehler and are not shared by other manuscript witnesses.
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The minor variant readings are listed in reduced font size; these variant readings are categorised by
the kind of innovation. The following features are not recorded among the variant readings: pres-
ence or absence of elision and of movable ny and sigma; use of standard symbols; differences in
accent and punctuation; writing numerals by means of numeral letters or by spelling them in full.
All variant readings are identified by the number of the line(s) on which they occur.

The copy in Berol. Phillipps 1555 + Bodl. Auct. T.1.22 exhibits five characteristic omissions: 62
T0UT0LV — AvauUPBOA®S, 90-91 tetpamiaciocov — Pdaoty, 236 apBuod, 325 T0d kmvov, and 336
€Q’ €0wTO, — moavTmg; and a mistake: 230-231 &t yevouévov] émintovpévov. Minor variant rea-
dings are as follows (I just give the list of the spelling mistakes that involve double consonants:
okomehlov, Técapotl, PovAlel, meploeiag, TeCOp®V, TEoEPO, GANV, €AAcOVOC, GAMC, WEAELS,
Tp1odKig, dAan):

Omissions. 197 10 343 a0t0 Mistakes. 65 icomlevpwv 74—75 norllamhociocov 88 kabétov 119 mievpdv 130
éxatépav 137 moAlag 179 tov 210 8¢ 1 230-231 éminrovpévov 233 moiel 269 ywpia 271 dco mievpoic 279
£dekayavia 285 ympog 331 Kolovpa 344 KoBov 371 kdPov 374 gopov 378 £9’] a¢’ Inversions. 104-105 tov
apOpov tic Paoswc Variants. 265 £¢’] eic Spellings. 308 gikoodxng

The copy in Scorial. ®.1.10 exhibits the following characteristic innovations: the mistakes 2 1jon
261 t@v mhievpdv] mhevpav and the omissions 99 wievpdc 162 te. The copyist systematically mis-
read the compendium for -€iv as the one for -&v. The minor variant readings are as follows:

Mistakes. 19 0] M 57, 89 0éheic 65 éyxapding 73, 106, 202, 222, 232, 235, 241, 293, 296 345 (sed corr.) bpmv
91 AMyet 106 kareipbévioc 115 Tprydvon] 8 117 dped 157 totov 208 tuyydver 210 olovénmotody 211 AaPav
252 ywoépevov 252 dwdekomidoiov 269 morlamiactacpov 275 kokAov 353 tetpayovikny 369 cvvleg sed kai
ovvbeic marg.

Par. gr. 2428 is a copy of Scorial. ®.I1.10, whose variant readings it adopts. Characteristic inno-
vations are the omissions 129 dvo 187188 moier oVtwg and the mistake 259, 292 €. The minor
variant readings are as follows:

Restorations. 157 too0t@ Omissions. 38 10 80 thv? 81 10? 221 tfj 255 10! 352 w0Pov Mistakes. 4 gumnyvo-
pvovton 43-44 évamolepféviov 62 avapueiPdlag 65 yyayng 69 péowv 71 Baoig 102 katda] ko~ 118 Oédeig 202
npocbev 229 amopévov 245 mavtog 268 i 332 dapétpig 338 mhevpdv 355 opvickov 369 cvvlec sed cuvbeig
marg. 370 yfienoov Additions. 335 &yovtog tod Dittographies. 39—40 v kdBetov — A4Pe 10 & 255-256 piav
TRV TAELPAV

The very correct copy in Seragl. G.1.19 exhibits the characteristic omissions 247-249 i 8¢
tovtwv — sipfikapev and 309-310 dimhwocov — €mpdvelov. The minor variant readings are as
follows:

Restorations. 210 g00vypappov Omissions. 6 xoi’ 8 koi 320 0 325 6 Mistakes. 50 {ntiig 55 £&e1 66 dateig 72
uébodov 73 omoiav £0€lerg] i Béheig 118 Povin 146 yryvopévov AaPe 166 yevouévov 235 Béhng 266 apiBuov
Additions. 66 yobv kai Inversions. 299 trv 6Anv

The very incorrect copy in Monac. gr. 100 exhibits the following characteristic innovations:
omissions 16—17 Brijnuo. — oyoivog 64 £mi yoviov 113—114 puépicov — apBuoc, 146 tiic mepuéTpou
— AapPove 10 £, 298 "Ett kol GAAw¢ Vv Emeaveiay 347-350 "Ett kol AA®G — TO 6TEPEDV; Mis-
takes 1 'Emel on yeouetpia cvvéotnke Eminedoc 65 éykapoiewc ypayng, 187—188 anod povng g
Baocemc. moiel obtmwc. ToAamiaciocov] Toincov, 256 10 yevouevov apibuncov.

The copyist also omitted all marginalia. The minor variant readings are as follows:

Omissions. 49 6¢ 74 tod 117 6 154 10 162 1€ 187 10 191 8¢ 231 o1 255 ghpnioeig 0 100 267 tdV 268 Kai Swot-
povpeva 325 88! 327 Baotv 362 gito 366 xoi g dpédpag Mistakes. 11 icomhevpég 19 6] 1) 24 mowjong 27 Swamha-
clacov 45 Bodrot 51, 53 yevouévov 64 teptic 76 moldactoouov 77 tetpaymvi 80 yvouny 81 tpimhwotv 89 0]
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apédng 94 tfic!] tod 94 Hvmobevovong 97 obtw] tovte 102 tov!] 1o 105 yevouévov 106 mievpav 106 yevouévov
111 0eAnon 117 pepicovta 117 ebpécbon 118 Béheg 133 towodto 141 Béheg 147 Eotan 148-149 tpimhwotv 150
£t €l 8¢ Povder 153, 154, 156 ko 155 "Eott 157 tv] 10v 160 mhevpav id1ov avtiig kn® 167 0élelg 174 mpoon-
Beiol kaBoAdg 175 yevopévov 176 kaboridc 177 damhaciacov 184 Aéyetan] yiveron 186 fpukvkivov 190 6% 195
thic?] tod 200 dmo] &mi 201 1O duPadov] v oD EuPadod 202 tpimdwoty 204 kaboidg 205 eavepdc 207 Elatov
211 tecoapackadekdrig 215 Nuudkiov 217 6 amod 10D 218 tovtov 218 Oékerg 221 100] adtod 225 tadta £¢’]
tadba 239 yvopiopds 258 apBuov 259 ‘Eveayoviov 264 Amdekoywmviov 269 molhamiaciacpov 275 18] idiov
281 pnyovnkdtotog 284 metpapic 289 ywpnoousv 294 tod yevopévov apidpod 305 kB%] ku® 307 dv 1o pp*’] ©
10 kpu® 313 1ov] 10 314, 317 kB ®n® 323 dpov] edpov 325 Edeigev 327 i60] 1o 330 TotovTov] TovTov 330 Tod
KdVoV 10] 10 KOVoL TovToL 331 dTéhovg 334 10?] OV 335 VOPEMokoc 8¢. dBelickov 336 cavtd 336-337 piov
TV TALLP®V T0D OPehiokov €9’ gavtnv 350 Eig 351 avtiv 358 molomhoaocialwv Additions. 134 poupov 1o
EuPadov 137-138 v on dudpetpov &ig Eavtnyv €9 dAnv 138 pépog 600 152 apBpod ka® kol tod Katadelphévtog
154 "Eti 8¢ 189 ¢€ig govtnyv, tov yevopevov aplBuov moinocov évdekaxig 200 10 8¢ 6% 205 1od kvxiov 241
Tpameliov 8¢ 255 v piov 281 émi tov tpdémov kai Adyov 293 "AlAwg 8¢ 360 tit. "Ett kol dAAmg. pétpnoov 1o
peilov TAac1aopuov ToAAOTAOCIALmV TO ThY0G €ml TO TAGTOG Inversions. 254 1@V mievpdv piav 259 10 Eupadov
10D [[dexaywviov]] marg. dxtoywviov 263 tdv TAgvpdv piav Dittographies. 78 v Pacwv kol tyv kébetov 224
avtod 259 guPadov Variants. 244 obtwg

The copy in Vat. Ross. 986 exhibits the following characteristic innovations: title “Hpwvog
ELCAYOYN TOV YEOUETPOLUEVOV Ywpimv; omissions 30-32 €xl v &tépav — piav migvpav, 115—
118 'Eav 6¢ éxtog — &otou diapetpog, 150152 &t kai dAhwg — EuPadov, 203-204 kai £Eeig — 10
id1ov ka®, 250 10 EuPadov ebpeiv. moiel obtwe, 256257 moiel obtmg 273 €l 6¢ €, TO €°; mistake
162 ideiv. The copyist also omitted most marginalia. The minor variant readings are as follows:

Restorations. 210 €00vypaupov Omissions. 104, 243 8¢ 276 882 Mistakes. 32 dupotépav 57 0éleig 80 moAla-
mhaciocov 85 « povada] fuicel a 165 Povrel 264 Awdekaywviov Inversions. 268 4c@aldg Kol

The above discussion allows to organise the following stemma of the textual tradition of the
Compendium.

XIV Vat. gr. 1411 (V)

Seragl. G.1.19 (K) Vat. Ross. 986 (R)

XV

Berol. Phillipps 1555 + Bodl. Auct. T.I1.22 (B) Scorial. ®.1.10 (D),
XVI Monac. gr. 100 (M) Par. gr. 2428 (p)
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STRUCTURE AND STYLE OF THE COMPENDIUM

The Compendium adopts a mix of the procedural and of the algorithmic stylistic codes’’, the former
being clearly predominant in our text and the latter—bar one single exception—exhibiting no nu-
merical examples. These two codes are stylistic resources that formulate chains of operations on
mathematical objects gua numerically quantified, and such that the output of an operation is taken
as the input of the operation next in order. In particular, the procedural code was used to express in
words operational sequences that we would summarise in a “static” equality.

The procedural code formulates its prescriptions as a sequence of coordinated principal clauses
with the verb in the imperative or in the first person plural, present or future; to each principal clau-
se are subordinated one or more participial clauses coordinated with each other; the participle is a
satellite and performs the function of modifier of the operating subject. There is an initialising clau-
se, which feeds the initial input into the procedure, and an end clause, which identifies the result of
the chain of operations as the quantity to be calculated. This quantity is usually declared in a clause
that precedes the entire procedure. This code is used to formulate operatory prescriptions in the
most general way (but it is also used to process numerical examples); the verb forms—either finite
or participial forms—represent the operations; each verb form corresponds to one operation; the
involved mathematical objects, the “operands”, are the complements of the verb forms and are de-
signated by (sometimes long) definite descriptions. The operations may be unary or binary. In By-
zantine sources, procedures are prominently featured in Easter Computi, in the 11"™-century manual
best witnessed in Par. gr. 2425 (Diktyon 52057)°°, in Theodoros Metochites’ Stoicheidsis Astrono-
miké (ca. 1316), in George Chrysokokkes’ Syntaxis Persica (1346), in Theodoros Meliteniotes’
Tribiblos astronomiké (1352), and in the anonymous Paradosis in Tabulas Persicas (1352).

The algorithmic code processes only paradigmatic examples featuring specific numerical values.
After the initialising clause, the algorithms are expressed as a sequence of principal clauses coordi-
nated by asyndeton; each clause formulates exactly one step of the algorithm and comprises a verb
form in the imperative and a system of one or two objects’’—a direct and an indirect object—in the
form of demonstrative or (cor)relative pronouns or of numerals. The operation is often expressed
by means of the preposition that introduces the indirect object, without any verb form: “these by
11” instead of “multiply these by 11”. The result of each operation is identified as such in a dedica-
ted clause, with the verb in the present indicative (forms of ginomai “to yield”, “to result”, the latter
for participial forms only), sometimes replaced by an adjective in predicative position (mainly
loipos “as a remainder” after a subtraction); both syntactic structures are equivalent to our equality
sign. An end clause identifies the result of the chain of operations as the quantity to be calculated.
This quantity was usually declared in a clause that precedes the entire algorithm. The main feature
of an algorithm is the systematic use of parataxis by asyndeton: no coordinants, (almost) no
connectors, no subordination. The algorithmic flow is usually one-step: any step (1) accepts a num-
ber that is the output of the immediately preceding step as input and (2) inserts new data by means
of the second operand. Operations in which neither operand is the output of the immediately prece-
ding step are less frequent. Such operations induce a hiatus in the algorithmic flow; the hiatus is
often syntactically marked by the presence of particles or of specific verb forms. The algorithmic
code is used exclusively (with the exception of the Compendium) in the geometric metrological

35 The stylistic codes of Greek mathematics are described in F. ACERBI, The Logical Syntax of Greek Mathematics (Sources
and Studies in the History of Mathematics and the Physical Sciences). Heidelberg — New York 2021, sect. 1, 1-3.

36 See the edition in A. JONES, An Eleventh-Century Manual Of Arabo-Byzantine Astronomy (Corpus des Astronomes By-
zantins 3). Amsterdam 1987. A preliminary study is in O. NEUGEBAUER, Commentary on the Astronomical Treatise Par.
gr. 2425 (Académie royale de Belgique. Classe des Lettres et des Sciences morales et politiques. Mémoires 59.4). Bruxel-
les 1969.

57 Accordingly, the operation is unary or binary, respectively.
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corpus. In Meliteniotes’ Tribiblos astronomiké, the prescriptions for using the tables are frequently
carried out three times: by means of a general procedure (called methodos), by means of a proce-
dure featuring actual numerical values (hypodeigma “example”), and finally by means of an algo-
rithm in the sense just explained, often organised as a tabular set-up (pséphophoria “computation”
or ekthesis ton arithmon “setting-out of the numbers™).

The procedural and the algorithmic codes can be formalised by the kind of symbolic transcrip-
tions I shall use in my paraphrases. These transcriptions are more faithful both to the syntactic
structure and to the “mathematical content” of the original algorithms than the oft-used “static”
formulas that summarise an entire algorithm in one single equality, thereby erasing the algorithm’s
operational structure. Let us read a procedure taken from section 17 of the Compendium as an exa-
mple. The independent procedural steps are distributed in different rows.

‘Eav 8¢ 0éAng kol v mepipetpov fjtol v meppépetay Whenever you also wish to find the circumference,
ToD TOLOVTOV TUALOTOG EVPETY, apiBuncov v Pdow €ig  viz. the perimeter, of such a segment, count the base

EQVTAV. into itself.

opoimg kai TV KabeTov- Similarly the height too;

gito. OV amd 10D moAhamlactocpod Thc kabétov apd-  afterwards, quadruple the number from the multiplica-
HOV TETpATACIOGOV, tion of the height,

Kol Tpocbec T® TG fhoc®c TOAATAUCIOGUEGD, and add <it> to the multiplication of the base,

Kol ToD YeVopEVOD AdPe TAELPAV TETPUYOVIKNY, and take the square root of the result,

Koi T eVpedeion mievpd tO thig Kabétov mpocdeic 8 and adding Y4 of the height to the root that has been
£Ee1c TNV TEPLpEPELAY. found you will get the circumference.

In the symbolic transcriptions, the assignments are enclosed in parentheses; self-contained pro-
cedural steps—namely, the ones singled out by commas or by upper points in the Greek text—are
separated by an arrow —; procedural hiatuses are marked by a lower point; the final equality iden-
tifies the magnitude to be computed. Accordingly, the symbolic transcription of the procedure just
read is as follows.

(b,h) — b2 B> — A1 — 412 + B> — (4R + b?) —N@K? + b*) + Va(h) = Pr.

Details about the lexical content of the Compendium are given in the next Section.

THE LEXICAL CONTENT OF THE COMPENDIUM

With the help of Ramon Masia, I have studied the lexical content of the Compendium®®. This ap-
proach is interesting because, with Ptolemy’s Psephophoria, the Compendium is the longest self-
contained text of Greek and Byzantine mathematics programmatically written in procedural lan-
guage. Long treatises such as Ptolemy’s Almagest>®, Theon of Alexandria’s primer on Ptolemy’s
Handy Tables, and Theodoros Meliteniotes’ Tribiblos astronomiké do contain a greater overall
amount of text written in procedural language, but this is only a part of the entire text. This part can
be a large one: 83.6% of Book III of Meliteniotes’ treatise (20210 words out of 24155) is written in
procedural language; the widely-circulating anonymous abridgement of Book III called Paradosis
in Tabulas Persicas radicalises this approach, for 96.3% of it (15219 words out of 15799) is written
in procedural language. The importance and the diffusion of primers on the Tabulae Persicae and

8 Compare the similar discussions in Hero, Metrica 59—74 and ACERBI, Logical Syntax 28-33.
3 See Alm. 11, 9; 111, 8; 111, 9; V, 9; V, 19; VI, 9-10; XI, 12; XIII, 6. In all these treatises, the procedures describe how to use
the tables for computing specific quantities.
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on the Handy Tables in the mid 14™ century may have prompted authors to write texts that adopt
the procedural code exclusively and do not work out numerical examples: the two cases I know of
are the Compendium and the anonymous primer on the Tabulae Persicae witnessed in Vat. gr. 210
(1350-60; Diktyon 66841), ff. 40r—42v. This trend can be compared with the aforementioned (and
very short: 531 words) geometric metrological compendium edited as Geom. 22, 3-24, a late anti-
que or early Byzantine elaboration featuring only generic algorithms, and with the algorithmic code
that predominates throughout the late-12"™ century computational primer Par. gr. 1670.

Before setting out the results of the lexical analysis, a couple of definitions are in order. Every
independent sequence of signs in a text is an “occurrence”; the identical occurrences are a “form”;
the set of forms referred to one and the same term is a “lemma”. The Compendium contains 5008
occurrences, which is a bit less than a quarter of the word content of Hero’s Metrica. As the Com-
pendium merges the lexica of several disciplines, it is lexically rich: there are 444 lemmas, which is
8.87% of the number of occurrences, to be compared, for instance, with 8.80% of Ptolemy’s Pse-
phophoria (445 lemmas and 5060 words), 0.32% of the Elements (524 and 163267), and 3.00% of
the Metrica (612 and 20407). The bias of short writings towards raising the relative lexical content
also plays a role here. The following table sets out the relative frequency of the main morpho-
syntactic categories the lemmas belong to in the four works mentioned above.

Compendium Psephophoria  Metrica Elements
cat. occ. % occ. % occ. %  occ. %
adjective 644 12.86 575 11.36 2106 10.32 17635 10.80
adverb 227 453 109 2.15 423 2.07 3560 2.18
article 1026 20.49 1267 25.04 4026 19.74 35740 21.89
denot. lett. 0 0.00 0 0.00 2257 11.06 30723 18.82
noun 979 19.55 1083 21.40 2285 11.20 15482 9.48
numeral 60 1.20 49 097 1227 6.02 0 0.00
particle 624 1246 504 996 2887 14.15 23179 14.20

preposition 289 5.77 635 12.55 1395 6.84 13371 8.19
pronoun 237 473 195 385 879 431 4771 2.92
verb 922 1841 643 12.71 2914 14.29 18772 11.50

Because of the large spectrum of mathematical objects to be measured and because of the pre-
sence of lists of notions and objects related to land-surveying, nouns and noun phrases are well
represented in the Compendium. This, however, is common feature of procedural texts, as the data
from the Psephophoria shows: in texts that adopt the demonstrative code, most of the nominal con-
tent is carried by the denotative letters (and, consequently, by the articles that make the letters a
noun phrase), as the data from the Elements and, less markedly, from the Metrica confirm.

The number of verb lemmas that naturally feature in geometric metrological algorithms is in-
creased in the Compendium by the several verbs that denote the geometric operations and the spa-
tial relations that are necessary to describe some of the geometric configurations to be measured
(29 lemmas), by the synonyms used to name the four arithmetical operations (4 for addition, 7 for
subtraction plus 2 verbs that identify the result, 7 for multiplication), by the spectrum of different
verbs that denote the taking of multiples (10 lemmas, among which 2 pairs of synonyms), and by
several yet poorly occurring verbs among the metadiscursive items (12 lemmas). Likewise, there
are 3 prepositions that denote multiplication. Conversely, there are almost no synonyms among the
names of geometric objects and of their components. As the Compendium does not include deduc-
tions, the connectors that characterise Euclidean-style Greek mathematics are almost absent: 3 oc-
currences of oun, 2 of dé, 1 of hoste, none of the standard deductive connector ara “therefore”.
Conversely, owing to the characterising feature of the procedural code, the conjunction kai is over-



22 Fabio Acerbi

represented: 7.07% of the overall occurrences against 4.11% of the Elements and 4.75% of the Me-
trica. Likewise, as squaring is formulated by multiplying an item by itself, the reflexive pronoun
heautou (54 occurrences) is over-represented. Nearly the same number of occurrences (49, of
which 47 are in the form of the standard sign) has the numeral adjective hémisys; more generally,
numeral adjectives (ordinals = unit fractions) and their signs are abundant. Adverbs also abound;
their number is increased by the several multiplicative adverbs terminating in -akis. Generality is
expressed by adverbs like aei, diapantos, and katholikos, by adjectives like katholikos and pas, and
by the standard participial modifier tychon. The style is plain (only two verb forms in the optative,
plus 1 occurrence of mello + infinitive), the oscillation between indicative and subjunctive after ean
is exactly what we should expect in a Byzantine text. The main areas of subordination are the parti-
cipial clauses that characterise the procedural code and the fact that many problems are introduced
by a conditional clause (the protasis is introduced more frequently by ean than by ei). The oscilla-
tion between present imperative and aorist imperative is exactly what we should expect; as is also
to be expected, imperatives are over-abundant. The perfect tense is seldom used; it normally has a
confective-stative value that is obviously related to expressing the state of affairs that such-and-
such a numerical value for a quantity to be measured is the result of a sequence of operations (see,
however, the standard exception of the perfect of baino).

The following thematic word index includes my integrations (most of which are nearly certain)
but not my corrections. The Greek lemmas are followed by their translation(s) and by the numbers
of the sections of the Compendium in which they appear.

Metrological lexicon
Surveying
avatoAn: rising (1); dpkrog: Ursa (1); yeopetpia: geometry (1); dvoig: setting (1); Eumnyvout: to
stick (1); éninedog: plane (1); kiipa: reference direction (1); peonuppio: midday (1); 6&0¢: pointed
(1), €ic 6&0: in a point (33); onueiov: point (1); oxoémerov: milestone (1).

Measuring and units of measurement

puétpov: unit of measurement (2, 23).

puétpnoig: measurement (1, 23, 33).

KOTaUETPE®: to measure out (21); petpéw: to measure (13, 16, 17, 28).

gupadopetpikodc: planimetric (1, 23); evbvuetpkodc: rectilinear (1); otepeopetpio: stereometry
(24); otepeopetpikodc: volumetric (1).

Gxeva: akena (2, 3); Prjua: step (2); daxtvrog: digit (2); olowAiog: double-stadium (2, 3); ovydic:
forefinger span (2, 3); iovyepov: jugerum (2, 3); k6vovAog: knuckle (2); uidov: mile (2, 3); uédog:
modius (17); ovpyvid: fathom (2); molaoti(c): palm (2, 23); mapacdyyng: parasang (2, 3); wiyvc:
cubit (2); mAéBpov: plethron (2, 3); movc: foot (2); omBaun: span (2); otéddiov: stadium (2, 3); oyot-
viov: schoinion (17); oyoivog: schoinos (2, 3); cokdpiov: cable (2, 3).

€€aylov: hexagion (23); AMtpa: pound (23).

kaBapog oitog: winnowed grain (23); k€yypog: millet (23); kp1O1): barley (23).

Geometric lexicon

Objects and their properties

vévoc: genus (1); eidoc: species (1, 23); Osmpnpua ultimate species (1, 4, 23); oyfjuo: figure (12,
18, 20, 28).

dxpov: extremity (1, 7, 12); kévtpov: centre (4, 6, 13, 15, 24); kopven: apex (25), vertex (1).

aEwv: axis (24); amotoun: projection (9); fabog: depth (28); Bacic: base (1, 6-9, 14, 15, 17, 19,
24-26); ypappn: line (1, 4); dwwyoviog: diagonal (1, 4, 5, 11, 12, 28); dbpetpog: diameter (1, 7, 10,
12-14, 16-18, 24, 25, 27, 28, 31); didotaocig: dimension (28); €00¢ia: straight line (1, 6, 7, 25);
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kdOetoc: height (1, 6-10, 14, 17, 19, 24-26, 33); kAipa: oblique side, slope (25, 33); xopven|: arch
(15), upper side (19); pfjxog: length (5, 12, 21, 25, 27-32); mapdAiiniog: parallel (1); mdyoc: thick-
ness (23, 29, 30); nepipetpoc: circumference (1, 13, 14, 16, 17, 25); neprpépera: circumference (13,
14, 24, 25, 27, 31), perimeter (17); midtog: width (5, 12, 21, 28-30); mhevpd: side (4-7, 9-12, 18,
20, 25, 26, 28, 33); <> mpog O0pbdg: perpendicular (1, 7, 15, 19); okélog: side (1); dmoteivovoa:
hypotenuse (1, 7-10, 19); Dyoc: height (24, 25, 28, 29).

apPAreio: obtuse (1); yovia: angle (1, 6, 7); 6&gia acute (1); 0pOn: right (1).

gopa: floor (31); €pédpa: ceiling (31); pouPoedéc: thomboid (1); pouPoc: rhombus (1, 6, 11,
12); tetpaywvov: quadrangle (1, 4-7, 12, 13, 18, 19, 22, 23), quadrangular (28); tpanéliov: trape-
zium (1, 19); tpiywvov: triangle (1, 6-8, 11, 12, 21, 22).

ayic: arch (1); qudxkiov: semicircle (1, 14, 15, 17); xoxhoc: circle (1, 4, 6, 7, 10, 12—18, 22,
24-27, 29, 31, 33); tufjna: segment (1, 14, 15, 17, 24).

dexaymvov: decagon (20, 22); dwdekdywvov: dodecagon (20, 22); évdekaymviov: hendecagon
(20, 22); évveaymviov: enneagon (20, 22); e&dywovov: hexagon (20, 22); éntdywvov: heptagon (20,
22); oxtaywvov: octagon (20, 22); nevtdywvov: pentagon (20, 22).

EuPadov: area (4-7, 9—14, 16-25, 27, 31), content (24, 25); émodveuwo: surface (24, 27, 31); yo-
pnoig: span (4, 6, 24); ywpilov: region (13, 16, 21).

nuoeeapiov: hemisphere (24); kiov: column (23, 31); k0foc: cube (23, 28, 32); kOAwvdpog: cyl-
inder (23, 25, 27); k@vog: cone (25, 26); peiovpog: meiouros (23, 30); 6felickog: obelisk (23, 26,
33); mvbig: brick (23, 32); mupapic: pyramid (23, 33); opaipa: sphere (23, 24, 25, 28); cpnvickog:
wedge (23, 29); tetaptnuoplov: quadrant (24).

otepedv: solid (23, 24, 28), volume (24-33).

atéleotog: without the end (25); auprvydvioc: obtuse-angled (1, 7-9); étepounkng: oblong (5,
12, 32); ev0vypappoc: rectilinear (16); icoymviog: equiangular (21); icémievpog: equilateral (1, 4,
6,7, 11, 18, 21, 22); icookeAng: isosceles (1, 6, 7); kdhovpog: truncated (25, 33); k®VoedNg: cone-
like (33); 6&vydviog: acute-angled (1, 7-9); 6pboydviog: right-angled (1, 4, 7, 8, 12, 19); mopaiin-
Aoypappog: parallelogrammic (32); molvmigvpog: polylateral (1, 20, 21, 33); moAvydviog: polygon
(1, 20, 21, 33); okaAnvog: scalene (1, 6, 7, 10, 12); tpanelogidng: trapezium-like (33).

Geometric operations and spatial velations

Gyw: to draw (4, 15); amotelém: to complete (7); drtopar: to touch (4, 18); Baive: to stand (3);
dlypdom: to trace out (4, 6, 10, 12); didyw: to draw through (7); dtoupéw: to partition (12, 17, 21,
24); didmut: to give (8, 13, 16, 18, 21); dmkm: to reach (25); &yypdow: to inscribe (7); ékteivo: to
extend (21); éuPariim: to insert (28); émcvvanto: to join up (12); épdntopan to be tangent (6, 18);
kataokevalm: to construct (4); katatéuvem: to cut out (21); Aqyw: to end (33); meprypdom: to cir-
cumscribe (10, 18); mepthiapfavo: to comprehend (25); moiéw: to make (4-8, 16, 22, 31); mpocava-
TAnpow: to complete out (17); otpilw: to set firmly (15); ocvunintw: to meet (17); cuvinto: to
join (11); cvvieTnuu: to construct (6-8); Téuvm: to cut (5-7, 19, 30, 31); tiOnut: to set (7); vmwoKeL-
pat: to be supposed (15); dYmoctopvout: to spread out (15).

véveoic: generation (8).

Relations

avaroyém: to be associated (31); dvicog: unequal (1, 21); diya: in half (7, 24); Ekkevtpog: eccen-
tric (13); éxtoc: outside (10, 18); éLdttov / -cowv: less(er) (7, 8, 13, 15, 17, 25, 30); €vtog: inside
(6,7, 10, 12, 18); frtwv: smaller (1, 9, 10, 12, 15, 24, 31); icog: equal (7, 8, 15, 16, 18, 25); uéyt-
otoc: great (17, 24); peilov: greater (1, 7-10, 12, 13, 15, 17, 25, 30, 31); uécov: in the middle (5, 6,
17,19, 30, 31); uécoc: middle (7, 18); pikpog: small (12); wieiowv: more (15, 21); TAnpng: full (15).
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Operational lexicon
Investigation
Bovlouai: to want (4-8, 10, 13, 18, 28); ywvookw: to know (7, 10, 18, 28); dactéAdm: to sepa-
rate (13); €0éAw: to wish (7); ebpeoic: finding (6); evpickw: to find (415, 17-21, 24-33); (ntéw: to
seek (5—7); 0éhw: to wish (5-10, 12—-14, 17, 18, 25, 28); pavOdvw: to learn (6).

Initialising a procedure

evpnoel; / evpely / evpednoctor obtmg: you will find / will be found as follows (6, 7, 15, 24, 31,
32); xpatém: to keep (9); Aapupdvo: to take care (1, 8, 9, 19, 25, 27, 31); moiel / moincov / moid
obtwc: do /I do as follows (10, 11, 13, 13, 14, 17-20, 18, 24-26, 24, 28, 28-31, 33).

Counting and reckoning
idiq: separately (13).

Identification of the output

amogaivopat: to declare (16); diaywvodokw: to determine (11, 21); iy to be (5-14, 20, 21, 24,
25, 28, 29); &w: to get (4-9, 13, 14, 17-20, 24-31, 33); voéwm: to realise (13); oida: to know (13);
meptioTnUL: to turn out as (19); vVwdpym: to happen to be (8, 13).

Numerical objects
Unknown quantities
apOuoe: number (4-11, 13, 14, 17-20, 24-26, 30); 6pog: term (8); mAfi@og: multiplicity (8); mo-
o6v: quantity (4, 6); tocotG: quantity (13).

Numerals

Séxa: ten (23); &%o: two (5, 7, 9, 11, 12, 13, 22, 25); eic: one (4-13, 18-20, 24-26, 28, 33); &E:
six (1, 22); téocapeg: four (4, 7, 16—18); tpeic: three (1, 6, 10, 12, 18, 21, 28).

opo: 841 (13); pvd: 154 (13); &c: 66 (20, 22); £5: 64 (3); va: 51 (20, 22); pe: 45 (20, 22); po: 44
(24); wy: 43 (20, 22); An: 38 (22, 23); Ac: 36 (17); A2 30 (22); x0: 29 (13, 20, 22); m: 18 (1); 1¢: 16 (3);
e: 15 (20, 22);10: 14 (22); vy: 13 (17, 22); 1B: 12 (17, 22); w: 11 (22, 24); . 10 (1, 22);6: 9 (17); m: 8
(B 7122);¢c:6(17)e:5(,22);06:4(1,3,17,21,22);v:3(3,22); B:2(1,3,31) a: 1 (3, 23).

Gptiog: even (8); meprrtoc: odd (8).

Numerical sets
povag: unit (8); dvag: dyad (8).

Parts

déxatov: a tenth (13); EBdopov: a seventh (13, 14); eikoctomeuntov: a twenty-fifth (11); fjuovg:
half (6, 9); uépog: part (6, 12—-16, 20, 21, 24, 25, 29); tescapakoctotétoptov: a forty-fourth (14);
tétaptov: a fourth, a quarter (6, 29); tpiokandékatov: a thirteenth (6); tpitov: a third (6, 25).

w: % (3,23, 25); w5 (3, 6-9, 11, 13-15, 1720, 2426, 28-31); v*: 14 (3, 13, 20, 21, 24, 25, 33);
5: Y4 (13, 14, 17, 20, 21, 33); €: Y5 (3, 7, 21); ¢ Y% (20, 24); ¢: Y4 (13, 14, 20, 27); n°™: % (20); 1°":
Y0 (6, 13, 20); 10 Y41 (13, 16); 18*: Y42 (20); 8% Y44 (13, 14, 17, 18, 24); 16 s (3); xa®™: Y41 (13,
14, 24); 1B Y42 (13, 24); 1™ Yas (13, 14); k0% Yoo (13); A% Vo (6); uB®: Vi (24); E°: Yoo (28).

Operations
Addition
Evom: to unite (7); mpootiOnut: to add (8, 13, 14, 17, 23); cvvdyw: to gather (6, 10, 13, 14, 19,
26); ocvvtiOnui: to compose (5, 6, 9, 10, 14, 17, 19, 21, 24, 25, 29-31).
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ouvBeoic: composition (6, 10, 21).
appotepot: both (5, 7, 19); cuvapedtepot: both of them together (6, 13).
opod: together (6, 30, 31).

Subtraction

aipm: to take up (6, 9, 25); dpapéw: to remove (6-9, 12-14, 17, 24, 26, 33); édw: to leave alone
(13); éxParim: to throw away (13); é€apém: to remove out (6, 19); koveilwm: to raise (6, 9, 11, 13,
14); vpapém: to remove (6).

Multiplication

appém: to count (14, 17, 18, 20, 21, 24, 30, 33); épotam: to ask (14); Aaupdvo: to take (9, 10,
13, 18, 20, 24, 25, 28); puetpém: to measure (14, 20, 24, 30); mtotéw: to do (6, 11, 13, 14, 16-18, 20,
24,25, 28, 30, 33); morhamiacidlm: to multiply (4—14, 19, 20, 24, 27-31, 33); yneilo: to compute
(31).

eic: into (5, 8,9, 11, 13, 14, 17, 18, 20, 24, 30); €xi: by (415, 17, 19-21, 24-31, 33); petd: with (6).

moAlamhacilacpoc: multiplication (5, 7-9, 17).

kuBilw: cube (24); Aappdave koPudg: to take cubically (24).

Taking multiples

dumhacialm: to double (13, 18, 24, 28); dutAdw: to double (24, 33); dwdekamiacidlm: to duode-
cuple (20); evdekamraoialm: to undecuple (13, 24); eamhacialm: to sextuple (20); entomiacialm:
to septuple (13); mevtamlacialm: to quintuple (8); tetpamiacialw: to quadruple (7, 8, 10, 17); tpt-
mhac1dlm: to triple (8, 18); tpumAow: to triple (7, 13, 14).

duhactacpoc: doubling (24); tetpamiaciacuog: quadruplication (10).

tetpamiaciov: four times (24); tpumAaciov: three times (27).

ama&: once (6); dexdxic kal dma: ten times and once (24); dig: twice (24, 28); sikocdkig: twenty
times (13); eikoodkig kol dic: twenty times and twice (13, 24); évdexakig: eleven times (14, 24);
e€nkovtaxic: sixty times (28); éntdxic: seven times (13, 14); dydonkovrdkig Koi OKTAKIG: eighty-
eight times (13); tecoapeokadexdxic: fourteen times (13, 16); tetpdxig: four times (24); tplokov-
taxig: thirty times (6); tpiocdxig: three times (24).

w': 11 times (14, 24).

Division

uepilm: to divide (6, 9, 10, 17, 29).
nopd: by (6,9, 10, 17).

ueptopoc: division (9, 10).

Taking parts
AapPavo: to take (6-8, 11, 13, 14, 16, 18, 20, 21, 24-31, 33).

Not a part but as a whole
6hog: whole (6, 7, 11, 13, 14, 17, 24, 33).

Taking a square root
AopPBave Tisvpay teTpaywvikiv: to take the square root (4-7, 9, 13, 1618, 25, 26, 28, 33).

Identification of the result of an operation
amoPaivem: to step off (6, 9, 13); yivopar: to result (participle only, 6-11, 13, 14, 16-20, 24, 25,
28-30, 33), to yield (17), to come about (6, 8, 19), to come to be (4, 12, 23); EvamoAeimopat: to be
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left out (6, 13, 25); xataAieinopat: to be left over (8, 9, 11, 13, 14, 19, 26); Aowmdg: remainder, re-
maining (6-8, 14, 24, 33, 7, 17); nepioceia: excess (6).

Connectors, adverbs, prepositions, and particles

aAla: but (7, 21, 24); dua: together (13); avamaAw: inverse (7); and: from (4-17, 19, 21, 24-27,
31); ov0ic: anew (6, 7, 17, 19, 24, 28, 29, 33); yép: for, in fact (6, 8, 9, 17-19, 19, 24, 32, 33); yodv:
then ... really (7, 9, 23); 8¢ (1, 2, 4-29, 31, 33); on: indeed (13, 27); €dv: whenever (4, 6, 7, 8, 11—
13, 15-19); &i: if (4, 5, 7-9, 12-14, 19, 21, 25, 28); eito: afterwards (5-7, 9, 10, 13, 14, 17, 24, 25,
30, 33); €lte ... gite: whether ... or (7, 21); itovv: or simply (1); ék, £&: from (5, 7,9, 9, 10, 11, 19,
25, 26, 33); &€xtote: thence (6); év: in, inside, for, (4, 6, 6, 7, 13,19, 19, 23, 23, 24, 24, 26); €fjG: in
succession, next (4, 21, 25); &t further (6, 13, 14, 18, 20, 24, 25, 28-30); &g o0: until (17); §: or
(1,6, 7,12, 13, 15, 24, 28); fjyovv: namely (7, 9, 12, 13, 19, 21, 25, 28); fjrou: or, viz. (1, 17, 24,
31); xai: and, also (1-33); xatd: according to, in, (8,9, 9, 11, 13, 19, 21, 24, 26); uév (1,6, 7,9, 17,
19, 21, 23, 33); puetatd: between (13); uéypt: as far as (25); unte ... unre: neither ... nor (8); 6mmG:
how (4); 8cov éni: as for (23); 8tu: that (7, 16, 22, 24, 25); odk, ody: not (7, 21); odv: then (1, 23,
25); obtw: thus, in such a way (4, 32); wédAv: again (7, 8, 22); mapd: by, according to, other than (1,
6,9, 10, 13, 17); -nep: exactly (20, 21, 27, 32); notepov ... 7}: whether ... or (15); te: and (1, 7, 9,
13, 33); w¢: as (25); dote: so that (17).

Generality
aet: always (13, 20); droc: all and every (6), any (1); dwamavtog: altogether (8, 17); kaboikog:
generic, general (6, 6); kaBoAik®dc: generally (6, 13, 14); kaBorov: in general (8, 19); mdviog: in
every instance (19); nac: all, every (19, 25), everyone (12, 19); toymv: at random (8, 19).

Metadiscourse

aitio: reason (25); akpipéotato: most exactly (7); axpiéotepov: more exactly (22); akpipng:
exact (11); GAlwc: otherwise (6, 11-14, 22, 24, 28-30); avouepoimc: unambiguously (6); Gvwbev:
above (6, 8); avotépw: above (25); amodeikvout: to prove (22, 24, 25); apyn: beginning (23);
acpoaidg: faultlessly (21); advtdbev: immediately (18); yeopetpikog: geometric (8); yvopiuog: rec-
ognised (18); yvopiopo cagéc: feature that makes ** plainly recognised (8); dniaon: clearly (1, 7);
ofrog: clear (7, 12, 19); oniow: to highlight (13, 23); dudpopor: manifold (33); oiknv: like (33);
gykapoimg: athwart (7); eicw: inside (8); éxtiOnut: to set out (7, 33); éktog: outside (8); v uépet ...
&v uépet: respectively (19); é€aipetoc: specific (23); émomuovik@tepog: more scientific (19); £té-
pwg: in another way (11); £&podog: algorithm (24, 26); iotéov: one must know (7, 16, 22); kaAéw: to
call (1, 15); xavav: rule (6, 8); xdtwbev: below (8); Aéyw: to call, to mean, to say (1, 4, 8, 14, 25,
32, 33); Aoyog: rule, account (21, 33); uéBodog: procedure (6, 7, 9, 11, 19); unyavikotartog: the
most-clever (22); pdvog: only (6, 7, 13, 14); olov ti: what do [I mean] by this (8); 8potog: similar
(9); opoimg: similarly (6, 17, 18, 21, 25, 30); ovoudlm: to name (1); 6pog: term (1); moléw: to do
(19); moAdoi: many (13); mpoypdoem: to write above (11, 24); mporauPdve: to be taken above (9,
19); mpoppneic: aforementioned (17); mpoonkovimg: accurately (33); mpotepov: beforehand (13);
npoTEPOC: previous (24); cuveotnkéval: to be composed of (1); texvikdc: author (7); tovtéott: that
is (4, 6, 17, 24, 25, 28, 29, 31); tpomoc: way (9, 13, 19); botepov: finally (6, 28); pavepds: evident
(15); ypaopar: to use (23); yopéw: to proceed (4, 24); mocavtog: likewise (24, 26).

Modalities and imperativals
relative pronoun + @v + optative: whichever (6, 14); 0&i, 0én: one must (9, 16); péAiw + infini-
tive: should (23).
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Pronouns

dAloc: other (7, 11, 33); aAAnAwv: each other (4, 6, 18); éovtod: itself (411, 13, 14, 17, 18, 20,
24-26, 28, 30, 33); €&kaotoc: each (4, 6, 9, 13, 18, 23, 28, 33); £€repog: another (5, 11, 19, 33); &ds:
this here (18, 24); oloodnmotodv: whatsoever (10, 16); omoiog: whichever (7, 13); 6g: this, which,
whose (6, 13, 13-15, 17, 19, 20, 24, 24, 26, 28, 33, 33); 6cog: as much, as many, all those (12, 18,
21, 21); dotig: this very, which, whose (13, 14, 29); ovtoc: this (1, 2, 4-14, 16-25, 27, 28, 31-33);
mocog: how much (6, 10, 18, 28); tic: any, someone (16, 19); tolodtoc: such (4, 6, 8, 12, 13, 17, 25,
31); tocodtog: so much (12, 16, 18, 21, 28).

Particulars
EAkm: to drag (23); nuétepog: our (23); idroc: its own (6, 11, 13, 14); Tuoyxdvm: to happen to be
(15); eOw + infinitive: naturally (6); yeip: hand (23).

Authors
Apyumdne: Archimedes (22, 24, 25); Evkheiong: Euclid (13); IMatpikiog: Patrikios (21);
[TAdtwv: Plato (8); ITuBayopac: Pythagoras (8).

PRELIMINARIES TO THE EDITION

Edition. 1 have corrected the text of Vat. gr. 1411 whenever mathematical or syntactical consisten-
cy required to do it; some lacunas marked in Vat. gr. 1411 could not be integrated with a reasona-
ble degree of certainty and I refrained from doing it. There is no critical apparatus; the proposed
corrections are inserted in the text, which includes within braces all marginal and interlinear notes
of the manuscript. Some features of the layout of Vat. gr. 1411 are also marked. I have retained the
original accents of proclitics and enclitics; otherwise, the accents are normalised to the conventions
presently in use. All letters in majuscule are in majuscule in the text too; several other rubricated
initial letters are in minuscule. I have introduced section numbers and paragraphs. I have punctuat-
ed the text anew, following the rules I use in editing Greek and Byzantine procedural texts®’. In
particular, these rules for the procedural code prescribe that a comma separates principal clauses
from one another; no comma separates the conjoined participial clauses subordinated to each prin-
cipal clause. As for the algorithmic code, an upper point separates both the consecutive steps of a
continuous algorithmic flow and the operations from their result. A full stop is inserted when a
hiatus occurs in the algorithm, and before the identification of the final result. I have added pa-
rentheses and N-dashes to single out incidental clauses and identifications of objects (namely,
clauses introduced by foutesti “that is™).

Translation. The translated text includes my corrections. The paragraph structure of the transla-
tion is the same as the one of the Greek text. With a few exceptions, different Greek terms are
translated with different English terms; the converse is less frequently the case. The translation is
literal and sometimes obviously non-idiomatic; the lexical choices conform to the thematic word
index set out above. I have tried to render the several nuances of the Greek perfect tense required
by the context. Sequences that | have integrated in the Greek text whenever Vat. gr. 1411 marked a
lacuna are put between square brackets in the translation too. Integrations not marked by a lacuna
but required either because the Greek text is corrupt or for a better understanding of the English
translation are put between angular brackets.

%0 These rules are expounded in ACERBI, Logical Syntax, sect. 1, 4.
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EDITION OF THE COMPENDIUM

li7viz <1> {marg. dpot} 'Eninedog yeowueTpio cuVEGTNKEY EK T€ KAMUAT®OV KOl OKOTEA®MV Kol YPOULL-
LGV Kol Yyovidv, Emdéyetar 8¢ yévn, £1dn kai Osopriporta. KApoTa pév odv gici 8- dvatody, dvoig,
Gpktog kol peonuppia. okdémelov 0€ €ott TO AapPovouevov dmov onueiov 1 AlBog tic — 0&LG
onradn — 1 VAoV T@ GKp® Tod KAMUOTOG EUmNYVOUEVOV. Ypaupol O giot 1+ e00ela, TapdAAnAog,
Baoic, kopven, okEAN, daymviog, kaBeTog N Kol Tpog OpHag Kalovuévr, DTOTEIVOLGO, TEPIUETPOG
Kai dtdpetpog. I'oviar d¢ elot Tpeic: opon, auPreio kai 6Eela. yévn THG LETPOEWC €iol Tpia: gVOL-
HETPIKOV, EUPOSOUETPIKOV KOl OTEPEOUETPIKOV. €10 OE TH|G LETPNOEMG €1G1 & TETPAYOVA, TPIY®VA,
pouPot, Tpamélio kKol kKukAol. Exovct 6& Bempnipata 11, TadTo: TETpAYOVOV Beopiuata P, TeTpd-
YoVoV icomAevpov Kal 0pHoymVIOV Kol TETPAY®OVOV ETEPOUNKES: TPIYOVOV Demprjpata £E, Tpiymvov
icomAevpov, Tpiymvov i6ockeLES, Tpiymvov dpBoymviov, Tpiymvov duprluydviov, Tpiyovov 0&uym-
viov kal Tpiyovov okoinvov: tpameliov Bewpruota d, tpaméliov icookelés, tpaméliov dpHoym-
viov, auprvydviov kol 0&uymviov, O Kol oKaANVoV Aéyetal itovv dvicov: poufov Bempnuata B,
pouPoc xoi poppocdéc. Ta 6& mapd TADTO TOAVTAELPO, KOl TOAVYOVIK Kol AEyovTol Kol OVOUd-
Covtat. KokAwv Osmpiuata §, kOKAOC, NUKOKAIOV fTot ayig, Tufjpe peillov MUIKLUKAIOD Kol TUfjuo
ftTov HUKvKAiov.

<2> Métpa 0€ 0Tt ToDTO SAKTLAOG, KOVOLAOC, TohouoTy|, dyds, ombaun, Tovg, miyvs, Phua,
ovpYyVLd, cokdplov, TAEDpoV, ioVyepov, diavAoc, 6TAd10V, dKeva, LIALOV, GY0IVOG Kol TapacayyNc.

<3> To mAébpov Exel oyowvio cokdplo o o 1E”, T0 1ovyepov Exel cokdpla v v, 0 dlawiog
otadwo B, T0 otddov {sp. 5 litt.} n «, N} dkeva omOapdg 1g, To pikov {sp. 3 litt.} &6 wy €%, 6 oyoi-
vo¢ piMa d Kai 0 mopacsdyyng o.

<4> Tobtwv obtm AgyBéviav |isr £ENG €ml 10 EuPadov @V Bempnudtov yopnoopey Kol dtmg
ToVT®V Ek0oTOV Katackevaletal. {marg. sign of a square} TO icOmAgLpOV TETPAY®OVOV OVT® Yive-
Tat. £0v 0% KOKAOLG Slaypay”Ng ATTOUEVOVG GAAMAMVY KOl GO KEVTPOL TPOG KEVIPOV GENG YPOUUNV
{fort. lege ypopuuag} €v 10ig T€000PGL, TOMGEIS TETPAYMVOV 1GOTAELPOV Kol 0pOOYDVIOV. TOVTOL
70 €UPadOV — TOLTEGTL TO TOGOV THG YOWPNOEMS — €1 PovAeL evpelv, moAlomAaciacov piay TOV
TAEVPAV €0’ €0VTNV, Kol d1d TOD Yvopévoy apliuod EEeig 0 EuPadov. v 6& dloy®@VIOV TOVTOV &l
BovAel ebpelv, dimAaciacov 1O EuPaddv, kol ToD To1oVTOL APORod AaPdV TAEVPAV TETPOUYOVIKTV
gEelg v dayoviov.

<5> TunBévtog 8¢ pécov 1od icomhedpov Svo Towcelg ETepounkn TETpdymva, oV O EuPadov el
0élelg evpelv, moAlomAaciacov TNV ToD UNKOVG piov TAELPAV ML TNV £TEPAV TOD TAATOLS, Koi
EEe1c amo ToVTOV TO EUPAdHV. TNV OE dlaydviov ToHTOL €l foOAEL VPETYV, TOAATANGIOGOV TNV TOD
pfKovg piav mhevpdy eig £ovtiv, elto Koi THV T0d MAGTOVS, Kai GLVOELC AUPOTEPOVS TOVC &K TOD
TOALOTAAGLOGHOD APOLOVEC AdPE TOVT®Y TAEVPAV TETPAYOVIKNY, Kol adtn otat 1 {ntovuévn tod
ETEPOUNKOVE TETPAYDVOL S1OYDVIOG.

<6> {marg. sign of a triangle} To 6¢ icOmMAELPOV TPiy®VOV 0VT® cuLVicTacHoL TEPLKE. TPIDV
KOKA®V GAANAOLG EQOTTOUEVOV €0V OO KEVTPOL TTPOS KEVTIPOV dtaypaymc evbeiag &v Toig Tpioi,
Tpiymvov Tomoelg i60mAlevpov. T00Tov T0 EUPadOV €DPNGEIC OVTMC. TOAALOUTANGIOGOV oy TOV
TAELPAV €0’ EAVTNV, Kol TOD YIVOpEVOD aptOpod pépoc Aafmv tpitov kol 1° E€e1c TO EUPadov. {sp.
12 litt.} [Tod kaBolkoD Tptydvov TO EUPadov DpNoEIS OVTOC. Toincov] TV KabeTov Ml piov TOV
TAELPGV, Kol TovTOV AdPe TO «[, kol &g TO EUPadov. €Tt kal GAA®mC. Tolamhiaciocov] {sp. 10
litt.} 10 £ wag TOV TAevpdV €@’ OAnv TNV kdbetov[, kal &gl TO EuPaddv. Eav 8¢ amd tdV
T VPOV Hovov {nteig pabeiv kabolkdg to EuPadov Tod tprymvov,] {sp. 15 litt.} chvheg opod Kol
TOG TPEIC TAEVPAC, KOl TO < TOD Amd T TolTNG cLuvOEGE®S APlOROd VPEADY GO TOD EVOmo-
AewpBévtog & dpere Amaf Exdotnv TOV TAELPAOV, Kol TOG eVpebeicoc meploceiag A’ £KAGTNG
avTOV piav pév, fiv av podroto, ToAlamAacioacov peTd Tod Nuiceog Tod amofdvtog aplBuod amod
TG oLVOEGEMC TAV ADTAOV TAELPAOV, TOV 08 YEVOUEVOV AplOUOV ToincoV Opoimg LeTd THc B* mepto-
oglog, kol TOV £TL YEVOUEVOV HETA THG TPITNG, Koi ToD cuvayBEvTog HoTEPOV ATO TAOV TPLBV GP1OHod
apov TAEVPAY TETPay®VIKNY, Kol EEelc TO EuPaddv. {marg. on(peiooat)} 00Tog KaOOAKOC KOvmV
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TRANSLATION OF THE COMPENDIUM

1. Terms. Plane geometry is composed of reference directions, milestones, lines, and angles; it ad-
mits of genera, species, and ultimate species. Then, the reference directions are 4: rising, setting,
Ursa, and midday. A milestone is any point that is taken, or some stone— pointed, clearly—or log
stuck into the extremity of a reference direction. The lines are 10: straight line, parallel, base, ver-
tex, sides, diagonal, height, also called perpendicular, hypotenuse, circumference, and diameter.
The angles are three; right, obtuse, and acute. The genera of measurement are three: rectilinear,
planimetric, and volumetric. The species of measurement are 5: quadrangles, triangles, rhombi,
trapezia, and circles. They have 18 ultimate species, as follows: 2 ultimate species of quadrangle:
equilateral and right-angled quadrangle and oblong quadrangle; six ultimate species of triangle:
equilateral triangle, isosceles triangle, right-angled triangle, obtuse-angled triangle, acute-angled
triangle, and scalene triangle; 4 ultimate species of trapezium: isosceles trapezium, right-angled,
obtuse-angled, and acute-angled trapezium, which is also called scalene or simply unequal; 2 ulti-
mate species of thombus: rhombus and rhomboid. The items other than these are both called and
named polylaterals and polygons. 4 ultimate species of circle: circle, semicircle or arch, segment
greater than a semicircle, and segment smaller than a semicircle.

2. The units of measurement are as follows: digit, knuckle, palm, forefinger span, span, foot,
cubit, step, fathom, cable, plethron, jugerum, double-stadium, stadium, akena, mile, schoinos, and
parasang.

3. The plethron has 1 %; Y15 cable schoinia, the jugerum has 3 4 cables, the double-stadium 2
stadia, the stadium [...] 8 '4, the akena 16 spans, the mile [...] 64 % Vs, the schoinos 4 miles, and
the parasang 4.

4. This being thus said, let us next proceed to the area of the ultimate species and to how can
each of these be constructed. The equilateral quadrangle comes to be as follows. Whenever you
trace out 4 circles touching each other and inside the four you draw lines from centre to centre, you
will make an equilateral and right-angled quadrangle. If you want to find the area of this—that is,
the quantity of its span—multiply one of the sides by itself, and you will get the area by means of
the resulting number. If you want to find the diagonal of this, double the area, and taking the square
root of such a number you will get the diagonal.

5. Once an equilateral <quadrangle> has been cut in the middle, you will make two oblong
quadrangles; if you wish to find the area of these, multiply the one side of the length by the other of
the width, and you will get the area from them. If you want to find the diagonal of this, multiply the
one side of the length into itself, afterwards the one of the width too, and composing both numbers
<resulting> from the multiplication take the square root of these, and this will be the sought diago-
nal of the oblong quadrangle.

6. The equilateral triangle can naturally be constructed as follows. Three circles being tangent to
each other, whenever inside the three you trace out a line from centre to centre, you will make an
equilateral triangle. You will find the area of this as follows. Multiply one of the sides by itself, and
taking a third and %o part of the resulting number you will get the area. [You will find the area of a
generic triangle as follows. Do] the height by one of the sides, and take % of this[, and you will get
the area. Further, otherwise too. Multiply] "4 one of the sides by the whole height[, and you will get
the area. Whenever you seek to learn generally the area of a triangle from its sides only,] compose
together the three sides, and removing " the number <resulting> from such a composition remove
each of the sides once from what has been left out, and the excesses found from each of them, mul-
tiply one of them, whichever you want, with half the number stepping off from the composition of
the same sides, similarly do the resulting number with the 2™ excess, and the further resulting
<number> with the third, and take up the square root of the number finally gathered from the three,
and you will get the area.
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LG TNV TOV ATAVI®OV TPIYOVOV TOD TOGoD TG YOpNoems ebpecty. Eav 6& dmo puoévov tod Eufadod
nteic pabeiv v 100 160TAEVPOL TPIYOVOL TAELPAV, AGPE TPlaKovTaKiS TO EUPadov, Kol Tod
yvopévov a0 AdPe 10 1y, koi Tt ToD TPICKOISEKATOV TAEVPAY TETPUYMVIKNY, Kol EEg1G TV
T eLPaY. TNV O KAOeTOV EVPNGELG OVTMOC. TOALUTANGIOGOV piay TOV TAEVPDVY £€Q° EXVTNV, Kol TOD
ywouévov apipod £Eede 10 1d1ov Té€TOpTOV — 1 TO L AG TAEVPAS TOAATANGLOGOEY €9’ E0VTO
dpele amd T0D TO1OVTOL APOUOD: TAVTOV YAp €0TL —, KOl TOD &vamolelpOévtog Ektote GptOpod
AaPe mievpav teTpaymvikny, kal EEgig v kaBetov. {sp. 12 litt.} [E11 kol AA®C.] KOVQIGOV MG
TAOV TAELPOV TO 1010V 1°Y Kal TO A%, Kal TO Aowmov €oton 1 kabetoc. 'Eav 8¢ €vtog Tprydvov ico-
TAgLPOV PBOVAT Slayphyar TETPAY®VOV icdTAELPOV Kal OEANG Labelv mOGoL EoTat |18y EKAGTN TAEL-
pd, cOvOec Baoty kai kddetov. £10° dpoing ToAlamlociacov T Bactv petd thg kadétov, Kai uépt-
OOV TOPOL TO GUVAUPOTEPO, — TOVTEGTL TOPA TOV OO TG KabETov Kol Thg facewmc cuviedévia apio-
Hov —, kai £€e1g v 10D TETPOydVOL TAELPAV. Kal év 10ic okaAnvoig tprydvolg obto yivetal. To 6&
icookeLEG 0UTM cuvicTtatal, £0v POUPoV iIGOTAELPOV HEGOV TEUNG — TOVTESTLV GO YOVING €iG YOVi-
av. ToVToL O€ Kol TO EuPadov Kai TV Kabetov S TdV Gvmbev pebddwmv eDPNGELS AVaUEBOL®G.

<7>To 8¢ dpBoymviov Tpiymvov oVT® cuvicTatol dkpiPEéotota, E0v TEUNG Yo TO IGOCKEAES. TO
icOmAEVPOV TETPAY®OVOV €l dlya TEUEIS, AmO Yoviag €ml yoviav dnhadn, T[...]. kal icov etepdunkeg
Kai icomhevpov Tpiyovovt. kol £dv évtog KOkAOL dV0 SlopéTtpoug Eykapaing &yypaync eit’ &k TV
TEGGAPOV GKpOV oOTOV O1aENg evbeiag, téocapa amoterécelc dpboymvia tpiymva. Ei yodv 10
EUPadOV avTod BELEIC gVpETY, ToALATAAGIOGOV T TV BActy OANY €0’ OANV TV TPOg OpBAC, Kai ToD
ywouévou AGPe T0 £, | TO £ THE Pdoemg €9’ OANV TV TpO¢ 0pOdG. {marg. ioTéov &TL O TEYVIKOC €V
pev toig ophoymviolg Tpry@volg v péonv tdv mAsvpdv tifetarl Bacty v 6& peilm kol ELdcowm
TG TOLET VITOTEWVOVGOC, £V OE TOIG GKOANVOIG TPLY®VOLS, £ite 0ELYMVIA €lot TaDTOo &ite ApPAv-
YoV, 0Oy oUT®G, GALN TV HEV peilova TV dAlov Tibetan Bdoty T 6& Aomag dVO TAG EAATTOVAG
10N Totel VoTevovsac, Kol dfilov &€ dv antdg mepi ToVTOV TV PedddwV 6E£0eT0.} pioy 88 T@V
TOVTOL TAELPOV Omoiov E0EAELS gVPETlY, EDPNGELS OVTMC. €1 HEV TNV TPOG 0pOag, moAlomAaciacov
Vv vIoteivovoay €9’ £QVTIV, Kol OO TOD YEYOvOTog aptOpod deeke oV Tiic Pdoemg ToAAamAN-
ooV, Kol Tod Aowmod AdPe mAsvpav TETPOYOVIKNY, Kol £Eg1g v Kabetov. Eil 6 v Pdowv
BovAel 0pelv, moincov O dvamoiy (fiyouv deele TOV THG KaOETOL TOAMATANGIOCUOV GO <TOV>
TG VTOTEWVOVGTG), Kol TOD AOmod TETPAYOVIKT TAeLpa Eotal 1 factc. Ei 8¢ mv vmoteivovoay (n-
11, moAamhaciocov TH Pacty kai TV KAOeToV £9° EavTAG: E1TA EVOGHG AUPOTEPOVS TOVG Gp1O-
LOVG TOVTOV AGPE TAEVPAV TETPAYOVIKNV, Kal EEE1 TNV Voteivovoay. 'Eav 8¢ amd puovng tig vmo-
tewvovong {ntiig yvavor v 1€ Pdotv kol v kdbeTov, teETpamAaciccov TV vroteivovsay, Kol
TG AaPe 1O £, kai EEeic TV Phov: Tpimhocov avdic v droteivovsay, kol iy Aafe TO £,
Kol E&elg TNV KaOeTOV.

<8>Eav 6& amdo minbovg meptrtod tpiyovov dpboymdviov Podiel cuotioacharl kota [Tuboyo-
pav, Tolhamlaciocov TV KaBetov €9’ €0vTVy, Kol Amd Tod yevouévov aplpod dgele povada
piov, kol Tod KataAelpOéviog to £ Eotal 1) Paoic: Tpodcheg T® TO10VTO « povada, Kol EEEIG TV
vroteivovoay. €l 6’ amo mAnbovg aptiov BELeIG TaAy Tpiywvov opboydviov cuotioachol kaTo
[MAatova, Aape 10 « Tiic Paoemg €ig EavTo, Kol TOD YIVOUEVOD HOVASO APEADY TO AOITOV EGTOL 1)
KaOetog mpdcbeg T kabETm dvdda, kol EEeic v vroTteivovsay. KaBoOAlov O 1 TV opboymvimv
TPLYOVOV YEVESIS 0UT® Yivetal. 'Eav arnd tod tuyovtog apdpod 0EANG tpiymvov opboymviov motij-
oal, TpumAacioacov Tov d0bévta apBudv, kol EEgic TV Kabetov: TeTpamiaciocov avtov, Kol EEELG
mv PBdowv: meviamloaciocov adtdv, Kol AQYT TV DTOTEIVOVGAY. YVOPIGHO O& GOQES TOD 0pboym-
viov Tpry®vov 10 UNtE gicm {s./. katmOev} TOD YEMUETPIKOD KOVOVOC TOVG Opovg TV Apliudv
gvpiokecOo prte 8ktoC {s./. Gvdev} - olov i Aym, {marg. o0T0G 40TV O YEMUETPUKOS KOVAV} TOV
nolamAactacpdv Th¢ kafétov kai tfig Bhoswmg ioov ival Stamovtdg Td tiig vmotevodong: el yop
l1or pellmv €otiv, OEuYDVIOV VTTAPYEL €l OE EAATT®V, AUPAVYDVIOV.
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This is the general rule for finding the quantity of the span of all and every triangle. Whenever you
seek to learn the side of an equilateral triangle from its area only, take thirty times the area, and take
Y5 of the result anew, and further the square root of the thirteenth, and you will get the side. You
will find the height as follows. Multiply one of the sides by itself, and out of the resulting number
remove its own quarter—or, remove “ one side multiplied by itself from such a number, for it
amounts to the same—and take the square root of the number thence left out, and you will get the
height. [Further, otherwise too.] From one of the sides raise its own %o and %4, and the remainder
will be the height. Whenever you want to trace out an equilateral quadrangle inside an equilateral
triangle and wish to learn how much each side will be, compose the base and the height. Afterwards,
similarly, multiply the base with the height, and divide by both of them together—that is, by the
number composed out of the base and the height—and you will get the side of the quadrangle. And
for the scalene triangles it will come about as follows. The isosceles one can be constructed as fol-
lows, whenever you cut an equilateral rhombus in the middle—that is, from angle to angle. You will
also unambiguously find both the area and the height of this by means of the above procedures.

7. The right-angled triangle can be constructed most exactly as follows, whenever you cut an
isosceles in half. If you will cut an equilateral quadrangle in half, clearly from angle to angle, [...]
and an equal oblong and an equilateral triangle. And whenever you inscribe two diameters athwart
inside a circle, <and> afterwards you draw through straight lines from the four extremities, you will
complete four right-angled triangles. Then, if you really wish to find its area, multiply either the
whole base by the whole perpendicular, and take ' the result, or ' the base by the whole perpen-
dicular. {marg. One must know that, for right-angled triangles, the author sets the middle side as
base and makes hypotenuses the one greater and the one lesser than this; for scalene triangles,
whether they are acute-angled or obtuse-angled, not in this way, but he sets the <side> greater than
the others as base and makes hypotenuses the remaining two, the ones lesser than this, and this is
clear from what he himself set out about these procedures.} You will find one, whichever you wish
to find, of the sides of this as follows. If the perpendicular, multiply the hypotenuse by itself, and
remove the multiplication of the base from the number that turns out to result, and take the square
root of the remainder, and you will get the height. If you want to find the base, do the inverse
(namely, remove the multiplication of the height from the <multiplication of the> hypotenuse), and
the square root of the remainder will be the base. If you seek the hypotenuse, multiply the base and
the height by themselves; afterwards, uniting both numbers take the square root of these, and you
will get the hypotenuse. Whenever you seek to know both the base and the height from the hypote-
nuse only, quadruple the hypotenuse, and take "5 of this, and you will get the base. Triple the hy-
potenuse anew, and again take "4, and you will get the height.

8. Whenever you want to construct a right-angled triangle from an odd multiplicity according to
Pythagoras, multiply the height by itself, and remove one unit from the resulting number, and "
what has been left over will be the base; add a unit to such a %, and you will get the hypotenuse.
Again, if you wish to construct a right-angled triangle from an even multiplicity according to Plato,
take "4 the base into itself, and removing a unit from the result the remainder will be the height; add
a dyad to the height, and you will get the hypotenuse. In general, the generation of the right-angled
triangles comes about as follows. Whenever you wish to make a right-angled triangle from a num-
ber taken at random, triple the given number, and you will get the height; quadruple it, and you will
get the base; quintuple it, and you will take the hypotenuse for yourself. A feature that makes a
right-angled triangle plainly recognised is that the terms of the numbers are found neither inside
{s.l. below} nor outside {s./. above} the geometric rule. What do I mean by this? {marg. This is the
geometric rule} I mean that the multiplication of the base and of the height is altogether equal to
the one of the hypotenuse, for if it is greater, <the triangle> happens to be acute-angled, if it is less,
obtuse-angled.
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<9> 10d o6& auprvyoviov kol o&vymviov TO EuPadov katd Toc mpoAuPovoag pebdIovg
gvpiokeTal. 1 6& KAOETOG ATV EVPICKETAL OVT®. TOAATAAGIOGOV EKAGTNV TMV TAELPOV €0’ Ev-
V- glta cOVOEC TV dV0 TAeLp®V TOV TOAATAAGIOGHOV (Fyouy Tiig Te Péceng kai Thg peilovog
VIOTEWVOVOTNC), KOl Apov &K TOVTOV TOV TS Ttovoc TAevpdc TOAATANGIAGHOV, Kai TOD KOTAAELP-
0évtoc Gpuod tO pév HUeL kpdTnoov 10 88 = Eacov: eito pépPIoov O KpotndEV mopd TOV Thg
Bacewc apOudv, kol T €k 100 peptopod amofav Eotar M peilov amotoun. Kai myv fjttova o6&
GITOTOUNV KOTO TOV OHOLOV gVPNOELS TPOTOV: GLUVOELS Yap TOV THG TTTOVOg TAEVPAC TOALUTANGCL-
acpoOV Kol Tov Th¢ facemc Kol €5 avTt®dv dpelmv TOV TG neilovog TAELPAS TOALUTANGIOGHUOV TOD
KataAelPOEVTOC aplBpod 10 pev & {sp. 7 litt.} [¢doag] 10 € & Kpathoag Kol mapd TOV TG PAoemg
ap1Ouov pepicag to amd Tod pepiopod yevopevov 1) fittov Eotar dmotouy. Eita &l 0éleig v tov-
TOV KAOeTOV gVPETY, AdPe Hioy TAOV VTOTEWVOVOHYV TAELPAV EIC E0VTNHV, KOl €K TOD YIVOUEVOL APLO-
Hod KoVEIGOV TOV Ao TiG AmoToufg Yeyovota aptuov, kol Tod KataAelpfévtog Aapav TAevpav
TeTpay®VIKNY £Ee1g v kdbetov. Ei yodv tov Thic peilovog vmotevovong mhevupdc Aapng apouov,
doele €€ awtod Kol TOV TG nellovog amotoutic moALOTAACIAGUOV: €l 8€ TOV THG TjTTovog AdPNG,
AQELETY €€ aTNG Ol Kal TOV T HTTOVOC ATOTOUNG AplOpov.

<10> Eav £€vtog tod 010<v>dnmoTtodv Tprydvov OeAnong kOkAov dtaypdyal Koi gOpelv Thv
T00TOV SIAUETPOV, TTolel oDTmC. TETpamAuciacoy 1O ToD Tprydvoy SuPaddv: eita GuVOEIC TAG TPEIG
TOVTOL TAEVPAG TOPA TOV GO THG CLVOEGEMC YEYOVOTO APOUOV HEPIGOV TOV €K TOD TETPATANGL-
acpod Tod EuPadod cuvaybévta apOudv, Kai 6 amd Tod pepiopod vpebeic aptOpog 1 T0d KOKAOL
gotan dtapetpoc. ‘Eav 0& €ktoc icomAehpov Tprydvon Belnone KOKAOV meptypayorl Kol BovAEL YV®-
Vo 1060V £GTIV 1] TOVTOL JAUETPOS, AAPE piay TV TAELPOV €P’° E0LTNHV, KOL TOV YEVOUEVOV Gp1O-
HOV HEPIGOV TTap TNV KAOETOV aToD, Kol O amd ToD pepiopod evpedeic apOpog 1 tod KHkAov
gotan duapetpoc. 'Eav 0& €kToc Tpyd@vov okKaAnvod PodAetl meptypayor KOkAoV Kol 0EANG gVupelv
TNV T00TOV JAUETPOV, TOAAATANGIOGOV TOV APOUOV THC TTOVOG VTOTEWVOVGONG TAEVPAC €Tl TOV
g peilovog, kal OV amd ToVTOV Yevouevov aplipov uéptoov mopa v Kabetov, Kol O amd Tod
LEPIGOD YEVOLUEVOG APOLOG 1) TOD KOKAOV EGTOL SIAUETPOC.

<11> {marg. diagram} Poupog axpipng doyvmcketal, £av 600 cuvAyTg icdTAELPA TPiy®VA.
{marg. diagram} popupov 8¢ 10 EUPadov gvupelv. moiel oVT®G. TO L THG UIAG TOV Sloy®VIMV TOAA-
mhociocov €l TNV €Tépav OANV, Kol 0 Yevouevog €€ avt®dv aptOpog Eotat Tod popupov to EUPadov.
Kol GAA®G. Toinoov Vv piav €mi v GAANV, Kol ToD yevouévov AdPe TO «. Kol ETEPMG. TOAAATAN-
olacov pioy TOvV TAEVP®V €1G E0TNV, Kol OO TOD YEVOUEVOL KOVPIGOV TO 1010V EIKOGTOTEUTTOV,
Kol 0 KatolelpOeic apOpog 1o tod pouPfov &otiv EUPadov. Tag O& daywviovg ToVTOL Kol TOG
TAELPAG EDPNOELS KATA TAG TPOYPAPEIGAS eBOIOVE TOD IGOTAEVPOL TPLYDVOUL.

<12> {marg. inf. two diagrams} Poppocidec o0& yivetal, £0v dVO ETGLVAYTG TPIY®VL GKOANVA
1| €0V GO TETPAYDOVOU |19y ETEPOUNKOVE AP’ EKATEP®V TOV AKpmV 30O APEANS OpHoymdvia Tpiymva.
70 8¢ €uPadov avtod el Bélelc evpelv, moOALUTAOGINGOV TMV TOD UAKOLG TAELPOV piav €Tl THV
fittova dtaydviov 1 piov T®V Tob TAATOoVS £l TV peilova dtaydviov, Kai EDPNGELS TO EUPaddv. Kol
GAAmG. diele 1O ToloVTOV OYfipa €l Tpion uEPN (yovv &ig &v teTpdymvov kol €ig opboymvia 600
Tpiymva), Kol acty é6€itat SAOV Ao ToVToL TO EUPadOV. €1 6€ KOKAOV £vIOC POUPoL dlaypayels,
TOGOVTOV £6TON KO 1) SIAUETPOG OGOV Kol 1) LIKPA TAV SyOVimV.

{marg. sign like a rotated S and sign of a circle}

<13> KbHkhov 10 EuPadov eDpNGEIS KATO TOAAOVS TPOTOVS. TOALUTAAGIAGOV TV AUETPOV ¢’
OANV TNV TEPIUETPOV, Kai TOD yvopéEvou aptBpod AdPe pépog 6%, kai €€l Tovtov O EuPadov. Eav
0 OEANC Ao POV G TG TEPUETPOL TO EUPASOV EVPETY, TolEL OVTMG. TOAMATANGIOGOV TNV TEPijLE-
Tpov &ig EanTv: &lta TOV md ToVTOL YIVOpEVOY AplOpdV Entamiaciocov, koi Tod yevouévov AdPe
uépog kn® {lege '}, xoi &g 10 EUPadov. 'Eav 6& 0EANG amo novng thg StopuéTpov 10 EUPadov
€VPELV, TOINGOV TOTNY €0’ EAVTNV, KOl TOV YEVOUEVOV AplOUOV Evdekamlaciacov, Kol Tod £TL yevo-
pévou Adfe 1o 18, kai E€eic 10 EuPadov. "Ett kal dAlmg map’ Evkieidn 10 EuPadov ebpeiv. moin-
ooV TNV JAUETPOV £’ €0LTNHV, Kol GO ToD yevouévov aplfuod deeie 10 dtov (' kol 0%, kol to
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9. The area of the obtuse-angled and acute-angled <triangles> can be found according to the
procedures taken above. Their height can be found as follows. Multiply each of the sides by itself;
afterwards, compose the multiplication of the two sides (namely, both of the base and of the greater
hypotenuse), and take up the multiplication of the smaller side from these, and keep half the num-
ber left over and leave !4 alone afterwards, divide what has been kept by the number of the base,
and what has stepped off from the division will be the greater projection. You will also find the
smaller projection in a similar way; for composing the multiplication of the smaller side and the
one of the base and removing from them the multiplication of the greater side, [leaving] " [alone]
the number left over and keeping <its> 4 and dividing by the number of the base what results from
the division will be the smaller projection. Afterwards, if you wish to find the height of this, take
one of the hypotenuse sides into itself, and raise the number that turns out to result from the projec-
tion from the result, and taking the square root of what has been left over you will get the height.
Then, if you really take the number of the greater hypotenuse side, remove the multiplication of the
greater projection too from it; if you take the <number> of the smaller one, one must remove the
number of the smaller projection too from it.

10. Whenever you wish to trace out a circle inside a triangle whatsoever and to find the diameter
of this, do as follows. Quadruple the area of the triangle. Afterwards, composing the three sides of
this divide the number gathered from the quadruplication of the area by the number that turns out to
result from the composition, and the number found from the division will be the diameter of the
circle. Whenever you wish to circumscribe a circle outside an equilateral triangle and want to know
how much the diameter of this is, take one of the sides by itself, and divide the resulting number by
its height, and the number found from the division will be the diameter of the circle. Whenever you
want to circumscribe a circle outside a scalene triangle and wish to know the diameter of this, mul-
tiply the number of the smaller hypotenuse side by the one of the greater one, and divide the num-
ber resulting from them by the height, and the number resulting from the division will be the diam-
eter of the circle.

11. An exact thombus is determined whenever you join two equilateral triangles. Find the area
of a thombus. Do as follows. Multiply "4 one of the diagonals for the whole other, and the number
resulting from them will be the area of the rhombus. And in another way. Do the one by the other,
and take "4 the result. And otherwise. Multiply one of the sides into itself, and from what results
raise its own twenty-fifth, and the number left over is the area of the thombus. You will find the
diagonals and the sides of this according to the procedures for the equilateral triangle written
above.

12. A rhomboid comes to be whenever you join up two scalene triangles, or whenever you re-
move two right-angled triangles from both extremities of an oblong quadrangle. If you wish to find
its area, multiply one of the sides of the length by the smaller diagonal or one of those of the width
by the greater diagonal, and you will find the area. And otherwise. Partition such a figure into three
parts (namely, into one quadrangle and two right-angled triangles), and from this the area will be
clear to everyone. If you will trace out a circle inside a rhombus, as much is also the small diago-
nal, so much will also be the diameter.

13. You will find the area of a circle in many ways. Multiply the diameter by the whole circum-
ference, and take a "4 part of the resulting number, and you will get the area of this. Whenever you
wish to find the area from the circumference only, do as follows. Multiply the circumference into
itself; afterwards, septuple the number resulting from this, and take a "4s part of the result, and you
will get the area. Whenever you wish to find the area from the diameter only, do this by itself, and
undecuple the resulting number, and take a "4 part of what further results, and you will get the
area. Further, find the area otherwise too, according to Euclid. Do the diameter by itself, and from
the resulting number remove its own 4 and 14, and what has been left over happens to be the area.
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KataAelpOEY VIapyel 10 EuPadov. "Ett kol GAA®C. TO L TG SaUETPOV €0 OANV TNV TEPIUETPOV
TO &« TG TEPUETPOL €Q° OANV TNV SIAUETPOV, Kol TOD yvopévov Adpupove 10 £, kol £Ee1g 10 EuPa-
dOV* 1} TO & TG TEPUETPOV EML TO & TG SAUETPOV, Kol TO Yevouevov €oti 10 EuPadov. "Ett kal dA-
AOG. TO = TG SUETPoL €9 £aTod, Kol Tod Yevopévov AdPe pépoc £, wai &xe todto idig- elta Tpi-
TA®GOV TOV To10DTOV AplOuoV Tpocbeic avtd Kol T dINAmOey L, kal tov yevouevov apliuov ici
giva Tod KOKAOL TO EuPaddv. &t kai dAog dmd novne tig Stapétpov o uPadov evpeiv. moincov
NV OdpeTpov €9’ €0V, Kol TOD YeVOUEVOL aptOpod deeie O id10v 6%, 1@ 0& EvamoAelpBivt
pocbec 1 {lege T0} 100 {OAov} apOLoD Ka®, Kol EEEIC TO EUPadOV. €1 6E PovAeEL TNV dlApETPOV
eVPELY, Apele amod TG TEPETPOL TO 1010V KB, Kal Tod KoTahewpfivtog AaPe T0 v, kai EEgig v
dtapetpov. “Ett kal GAAw@c v dtdpetpov gupeiv. AaPe tig mepyéTpov 10 KB, kol moincov Entd-
KiG, Kai £€e1g v duapetpov. "ETt kol GAL®G TNV S1AUETPOV EVPETY. EXTOTAAGIOGOV TNV TEPIUETPOV,
Kol ToD yevopévou AaPe uépog kB, kai E&gig v ddpetpov. 'Eav 8& 0EANG amo Tiic dtapétpou v
TEPIUETPOV EVPELY, TPITAMGOV TNV OldpueTpov, Kol mpodcheg T@® ToovT® apldu@d Koi 10 TG
dwapétpov £, kol Tov amofaivovia apOpov v tod KvKAov voel mepipeTpov. "ETt kol dAlmg v
nepipetpov {lege dSdpuetpov} eVPEV. TOANUTANGINGOV TNV TEPIUETPOV EIG EAVTNV, KOl TG YEVOUEV®D
aplOu®d mpocheg 10 TavTNg YO EkPardv TpoTEPOV TO 1d10v Ot KB, Kal Tod cuvaydévtog apio-
pod AaPe 10 1% 10D 0€ TO10VTOL dEKATOL AafmV TAELPAY TETPAYOVIKTV EEEIG TNV daueTpov. 'Eav
O A’ €vog Kol povov aplfuod BEANG dlaeTETANL Kol EVPETV THY TE TEPIUETPOV Kol TNV SAUETPOV,
TOALOTTAAGIOGOV EXTAKIG TOV TO0DTOV GptOpdyV, Kail Tod yevouévov Adfe puépog k0, kai EEgic v
dtapetpov, dvtiva o1 appov amo tob katalelpbévioc {lege 600évioc} dapermv aplOUOD |0 TOV
KatodelpOéva voer elvon mepipetpov. ‘Eav 88 PBodin mpdtepov TV mepipetpov eOpelv, moiet TOV
d00évta aplOuov dic Kai €ikocakic, kol Tod yvopévou pépog k8% Aafmv EEeic v mepipetpov, fiv
apeA®V amd tod d00Evtog apBpod O Kotarelpey Eotan 1 diaueTpog. Eav 0& 0EANG amod povov
oD EUPadod TNV TE TEPIUETPOV KOl TNV SIAUETPOV EVPETY, TOINGOV OVTOC. TNV TOD EUPadod T0Go-
o MPe teccapeskauderdkis, Kol tod yevouévov AdPe puépog 1a, o TALLPA TETPAYOVIKTY EGTaL
N OAUETPOG. TNV O& MEPIUETPOV €VPELV. Toincov TV 100 EUPadod mocdHTTA OYOONKOVIAKIG Kol
dKtéKig, kai Tod yevopévou AdPe pépoc EBdopov, ob TALLPA TETPAyVIKT EoTaL 1| TEPIHETPOC.

AoBEVTOV 08 cUVOUPOTEP®Y TMV APOU®Y (Tyouv TG SoUETPOL, THG TEPETPOV Kai TOD Eufa-
00D 10D KOKAOV &v aplOud £vi) draoteidon Kol eVPEIV EKOGTOV APOUOVY. TToiEl OVTMC. TOV doBEVTA
apOpov omoiog €otiv del molamhaciole £mi TOV pvd- TOVTOLS 08 TPooTifel KABOMKMS o, Kol TOD
YWWOUEVOL AGUPOVE TAEVPAV TETPAYMVIKNV: GO O ToD To10VTOoV Ap1OUoD (Tiyouv TOD TETPOYDVOL)
KoOP1le kKaBolkdg kO, kol Tod koTaAelpOévtog pépoc AaPav 1w EEgig v dAUETpOV. THV O
nepipeTpov OEA@V gupelv TOV évomorelpévta, aplOpov SimAaciacov, Kol ToD YEVOUEVOL UEPOC A~
Bov ' EEeic Vv mePIUETPOV. TO OE EUPAOOV EVLPETY. TOINGOV TO L THC SAUETPOV &ML TO & TH|G TEPL-
HETPOV, Kol EEEIC TO EUPASOV.

AV0 6& KOKA®OV TTEPL TO ADTO KEVTPOV OVI®V 1| Kol EKKEVIP®V VILAPYOVTOV TO UETAED TAV TEPL-
QEPEIDV OTOV Y®Piov eVPETV. HETPNOOV Ao EKATEPOV TOV KOKA®V, Kol deele TOV peilova amod
ToD éMatTovog {lege TOV EMdtTOoVa Amd ToD peilovog}, Kai EkdoTov eVPNOELC 101 TO EUPAdOV.

<14> Tuquotog 6& KOKAOL NUIKLVKAIOL TO EuPadov bpeiv. moigl OVTMG. TOAATANGIONGOV THV
dpeTpov Tod NIKVKALov, fiTig kol Bdoig Aéyetal, £l TV TEPIUETPOV, KOl TOD YEVOUEUOV AAPE TO
0%, xai &gl 0 euPaddv. Ei 8¢ Oéheic amo tiic kabétov kol TG TEPUETPOL TO EUPAdOV EVPETY,
EPOTNOATO 1) KAOETOC TNV TEPIUETPOV, Kai OV av e¥polg apBudv, TodTo £06Ti TO TOD MHKLVKAIOL Ep-
Badov. {marg. on(pueimwoar)} "Ett kol dAA®mg 10 EuPadov ebpeiv amd uoévng g Pacemc. moisl ov-
T0¢. ToAamiaciocov TH Pacty &ig avtiv, Kol TOV yevouevov aptduov moincov 10, ov uépog kn
gotal 10 EUPadov Tod NUIKLKATIOV. dAA®G TO EUPadOV evpelv. Toincov TNy Pactv €ig Eavtyv, Kai
4o tod yevopuévov dpeie T0 1dtov (% kal 18%, kol Tod KatorelpOévtoc aptOpod 10 « Aafov EEelg
70 £uPaddv. amo o€ Tig Kabétov uovne o EUPadOV ebpeiv. moigl oVT®G. Apiduncov v KabeToV €ig
EQVTNV, Kol TOV YEVOLEVOV AplOUOV ToiNooV £VIEKAKIG ToVTOL & Aafmv 10 {* EEe1g 10 EuPadiv.
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Further, otherwise too. 4 the diameter by the whole circumference or % the circumference by the
whole diameter, and take " the result, and you will get the area; or ' the circumference by " the
diameter, and the result is the area. Further, otherwise too. %5 the diameter by itself, and take a %4
part of the result, and get this separately; afterwards, triple such a number adding the highlighted "4
too to it, and know that the resulting number is the area of the circle. Further, otherwise too, find
the area from the diameter only. Do the diameter by itself, and from the resulting number remove
its own 4, and add 41 of the number to what has been left out, and you will get the area. If you
want to find the diameter, from the circumference remove its own Y,, and take '4 of what has been
left over, and you will get the diameter. Further, find the diameter otherwise too. Take "4, of the
circumference, and do seven times, and you will get the diameter. Further, find the diameter other-
wise too. Septuple the circumference, and take "4 of the result, and you will get the diameter.
Whenever you wish to find the circumference from the diameter, triple the diameter, and add 4 of
the diameter too to such a number, and realise that the number stepping off is the circumference of
the circle. Further, find the diameter otherwise too. Multiply the circumference into itself, and add
Y5 of this to the resulting number throwing away beforehand its own Y,, and take "o of the gath-
ered number; taking the square root of such a tenth you will get the diameter. Whenever you wish
to separate and find both the circumference and the diameter from one and only one number, mul-
tiply seven times such a number, and take a "9 part of the result, and you will get the diameter;
removing indeed this very number from the given number realise that the <number> left over is the
circumference. Whenever you want to find the circumference beforehand, do the given number
twice and twenty times, and taking a Y59 part of the result you will get the diameter; removing this
from the given number what has been left over will be the diameter. Whenever you wish to find
both the circumference and the diameter from the area only, do as follows. Take the quantity of the
area fourteen times, and take a "4 part of the result, the square root of which will be the diameter.
Find the circumference. Do the quantity of the area eighty-eight times, and take a seventh part of
the result, the square root of which will be the circumference.

Both numbers together (namely, the diameter, the circumference, and the area of the circle in
one single number) being given, separate and find each number. Do as follows. Always multiply
the given number, whichever it is, by 154; add generally 841 to these, and take the square root of
the result; raise generally 29 from such a number (namely, from the square <root>), and taking a
Y1 part of what has been left over you will get the diameter. Wishing to find the circumference
double the number left out, and taking a ' part of the result you will get the circumference. Find
the area. Do ' the diameter by 4 the circumference, and you will get the area.

Two circles being around the same centre or even happening to be eccentric, find the region be-
tween their circumferences. Measure together both circles, and remove the lesser from the greater,
and you will find the area of each separately.

14. Find the area of a semicircular segment of a circle. Do as follows. Multiply the diameter of
the semicircle, which is also called base, by the circumference, and take " of the result, and you
will get the area. If you wish to find the area from the height and the circumference, let the height
ask the circumference, and whichever number you find, this is the area of the semicircle. Further,
find the area otherwise too, from the base only. Do as follows. Multiply the base into itself, and do
the resulting number 11 times, whose 45 part will be the area of the semicircle. Find the area oth-
erwise. Do the base into itself, and from the result remove its own "4 and Y14, and taking ' the
number left over you will get the area. Find the area from the height only. Do as follows. Count the
height into itself, and do the resulting number eleven times; taking ' of this you will get the area.
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amo 6& povng g meprpepeiog 10 EUPadOV eHPEIV. moiel OVTMC. UETPNGOV TNV TEPLPEPELAV EIC E-
V- £lta Kol EMTAKIC: TOVT®V 88 UEPOG TEGGUPAKOGTOTETAPTOV AaBav EEelc 1O uPaddv. and 8¢
TG Bacemc kail Thg KabETOL TO EUPadOV gVPETY. Toigl oVT®S. apibuncov v Pacty Emi TV KabeToV,
Kol Tod cuvoydévtog koveicov 0 £ kai 18, Kai 10 Aomov €6t T0 EUPaddy. anod o0& TN Kabétov
Kol TG TePLpepeiog TO EUPadOV eVpEiV. ToiNcOV TNV KAOETOV EML TNV TEPLPEPELAY, KOL TO TOVTOV L
MaPav EEeic TO EuPadov. TO L ThG KabéTov moincov €@’ OANV TV TepLpépelay, Kol EEE1G TO TOD ML~
KUKAIOVL EUPadOV. oy TV Pdoty OANY €0’ dAnv TV mepLpépelay, Kol ToD yivouévov 10 0% €Tt T0
EUPadOV. TO L Ti¢ Phoemg £l TO & TG TEPIPEPEING, KOl TO GO ToOVTOV £0Tl TO EUPadov. T0 8% TG
neprpepeiog €mi TV Pdoty, kai Ee1g TO EUPadOV Amo TOVTOL. TNV O TEPLPEPELOY TOD TUIKVKAIOV
amo TG Paceng {lege kabBétov} €Opeiv. moiel oVTMG. TpiTAmcov TV kdbeToV, Kol TPOcheg Kol TO
¢ kaBétov ERdopov, Kai EEgic TV eprpépelay. "ETt kail dAAwmc. oOvleg Bacty kai kdbeTov, Kol T®
ywouévm apliud tpootifel kaboAkdc 10 1d1ov ko, Kol EEEIG TV TEPLPEPELOV.

<15> Tufpotog 8& KOKAOL VTOKEWEVOL Kol THG PACENMS VTEGTPOUEVNG KOl QavEPAS 0DoNG TG
kaBétov, §Tig Kal Tpog OpHag KoAElTal, Amd TOD KEVIPOVL TiG KOpLeii¢ &ml TV Pdotv dybeiong kol
EGTNPLYUEVNG EVPETV TOTEPOV MIKVKAMOV €0ty 1] Elattov §| pueilov tod NMukvukAiov. eDpNoelg ov-
TOC. £av M TPOG 0pOac Ton T® « uépet TG PAcEDS TLYYAVY, NMUKOKAOV €0TL TAT|pES: €0V O& TAETOV,
70D fukvkAiov pgilov: éav 8¢ frTov, Tod Nuucvkdiov ELaccov.

<16>"Eav 8¢ yopiov 1ivog d00Evtog evbuypdu<p>ov oiovdnmotodv To0TE IGOV KOKAOV TTOtT-
oat, 0&l AaPelv 0 1 uépog Tod EUPadod Kai TOVTO TOUWoL TECOUPECKUOEKAKIC, KOl TOD YEVOE-
VOU TAELPAY AUPDV TETPUYDVIKTV TOGOVTOV ATOPAIVOL TIV TOD KUKAOL SLAUETPOV.

‘Totéov 6 611 10 EUPadOV TO Ao THS SIUETPOV KOl THS TEPIUETPOV TOD KOKAOV UETPOVUEVOV
icov éotiv £uPadoic KOHKA®V TEGGAPMV.

<17> Tuquotog KOKAOL EAATTOVOC MUKVKAIOL TO EuPadov ebpeiv. moiel ovTmg. cbvbeg ooty
Kol k6OeTov: ToVTOV 88 TO & moincov &mi v kadeTov. gita moincov avdig 1O L <Thc PAoEnc> £’
€0TO* TOVTOL 08 Aafmv 10 18° cVuvheg T® TpoppNOEVTL ApOud, Kol O amd TovTOL YEVOUEVOG Ap1D-
HO¢ €oTt TO EUPadov Tod TotovToL TUAATOC. Edv 6& 0EANG Kol TNV TEPIUETPOV TTOL TNV TEPLPEPEL-
av Tod To10VTOL THAUOTOG EVPETV, apiduncov v Pactv &ig favthv. Opoimg Kol v kddetov: eital
TOV Amd T00 TOAATANGLOGHOD TG KabféTov aplBpov tetpaniaciacov, Kai tpdcsbec @ Thg Phoemg
TOALOTAQGLOG LD, Kol TOD YEVOUEVOL AGPE TAEVPAV TETPAYOVIKNV, Kai Tf] evpebdeion mhevpd T THg
kaBétov mpoobeig 6% EEeic TNV TEPLPEPELOY. TUNUOTOG 08 peilovog NUIKLVKAIOV TO EUPadOV eDPETv.
notel obToG. E6Tm TN pHellov fukvkAiov, oD 1| uév Baoic oxowvimv 1B 1 88 kddetog 0. eOpeilv TO
guPadov avtod. moiel 0BT TPosHvUTANPoVGO® Sramavtdg 1) KéOeTog EmC 00 GuUTEST TG KOKAD,
Kol dtoupeito to TG PAcEmC oyowvia uEGov: yivetol ¢ Tadta £¢° €00Ta: Yivetal AG: Todta péple
Topo TV KAOETOV — TOLTESTL TTapd. TOV O — yivetal & dote N ddueTpog Tod OAOV KOKAOV £0Ti
oxowimv 1y tod yop €ldocovog Hodimv €oti tecodpmv. Eav 6& apélopev amd 10D KOKAov TO
ElotTov T, EEOUEV Kol TO AOUTOV PEYIGTOV TUTLO TOD KOKAOL UEUETPTLEVOV.

<18> Tpi®v KOKA®V ATTOUEVOV AAAA®V EDPETV TOD HEGOV GYNUOTOC TO EUPaddV. moigl obTMC.
piov t@v Stopuétpov Adfe €ig Eantny, Kol Tov yevouevov aplduov dumlaciacov, Kai tod &1t yevo-
pévou AaPe to 18, kol E&eig 10 EUPadov. Eotmaay d€ ol KOKAOL ioot.

Teooapov 6¢ icov Opoing KOKA®V GAAAOLS EQATTOUEVOV EVPEV TOD UEGOL GYNUOTOC TO
EUPadov. moincov oHTOE. piov T®V SOUETPOV ApiBuNcoV €ig 0TV, Kol TOV YEVOUEVOV APlOLOV
Tpuhociocov, kol tod yevouévov AdPe 1o 10%, kol &Egig 10 EuPadov. Eav évioc kdkAov Povin
meprypayor {lege Eyypayor} TETPAY®VOV IGOTAELPOV |21r Kol OEAEIC €DPETV TOGOV €GETTOL EKAOTN
T gLPAa, Toincov TNV d1dpeTpov 100 600£vToc KOKAOL €ig E0VTNV, Kol ToD YEVOUEVOD aptOpod Adfe
TO £, Kol TV To0de Adfmv TAELPAV TETPUYOVIKTV EEEIC TNV TOD TETPUYDOVOL TAEVPAV. Edav 6
EKTOC KOKAOVL Tteplypaymng TeTpdymvov Kai PoOAn yvdval Ty todTov TALLPAy, adtdbev €cgitan
Yvopluog: éom yap €otv 1 Tod 0006vTog KUKAOL SIAUETPOG, TOGAVTN €0TL KOl 1) TOD TETPAYDVOV
TAEVPA.
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Find the area from the circumference only. Do as follows. Measure the circumference into itself;
afterwards, seven times too; taking a forty-fourth part of these you will get the area. Find the area
from the base and the height. Do as follows. Count the base by the height, and raise 4 and Y4 of
the gathered number, and the remainder is the area. Find the area from the height and the circum-
ference. Do the height by the circumference, and taking 5 this you will get the area. Do 5 the
height by the whole circumference, and you will get the area of the semicircle. The whole base by
the whole circumference, and 4 of the result is the area. ' the base by ' the circumference, and
what <results> from these is the area. "4 of the circumference by the base, and and you will get the
area from this. Find the circumference of the semicircle from the height. Do as follows. Triple the
height, and add a seventh of the height too, and you will get the circumference. Further, otherwise
too. Compose the base and the height, and to the resulting number add generally its own "5, and
you will get the circumference.

15. A segment of a circle being supposed, and the base being spread out and evident, the height,
which is also called perpendicular, being drawn and firmly set from the centre of the arch to the base,
find whether it is a semicircle, or less than, or greater than a semicircle. You will find as follows.
Whenever the perpendicular happens to be equal to the %4 part of the base, it is a full semicircle;
whenever it is more, it is greater than a semicircle; whenever it is smaller, it is less than a semicircle.

16. Whenever, any rectilinear region whatsoever being given, one must make a circle equal to
this, one must take the i1 part of the area and do this fourteen times, and taking the square root of
the result declare that the diameter of the circle is so much.

One must know that the area measured from the diameter and the circumference of a circle is
equal to the areas of four circles.

17. Find the area of a segment of a circle less than a semicircle. Do as follows. Compose the base
and the height; do " these by the height. Afterwards, do %4 <the base> by itself anew; taking "4 of
this compose with the aforementioned number, and the number resulting from this is the area of
such a segment. Whenever you also wish to find the circumference, viz. the perimeter, of such a
segment, count the base into itself. Similarly the height too; afterwards, quadruple the number from
the multiplication of the height, and add <it> to the multiplication of the base, and take the square
root of the result, and adding " of the height to the root that has been found you will get the circum-
ference. Find the area of a segment greater than a semicircle. Do as follows. Let there be a segment
greater than a semicircle, whose base is 12 schoinia and the height 9. Find its area. Do as follows.
Let the height be completed out altogether until it meets the circle, and let it partition the schoinia of
the base in the middle; it yields 6; these by themselves; it yields 36; divide these by the height—that
is, by 9—; it yields 4; so that the diameter of the whole circle is of 13 schoinia; for <the height> of
the lesser <segment> is of four modii. Whenever we remove the lesser segment from the circle, we
shall also get that the remaining great segment of the circle turns out to be measured.

18. Three circles touching each other, find the area of the middle figure. Do as follows. Take
one of the diameters into itself, and double the resulting number, and take "4 of what further re-
sults, and you will get the area. Let the circles be equal.

Similarly, four equal circles being tangent to each other, find the area of the middle figure. Do
as follows. Count one of the diameters into itself, and triple the resulting number, and take %14 of
the result, and you will get the area. Whenever you want to inscribe an equilateral quadrangle in-
side a circle and wish to find how much each side will be, do the diameter of the given circle into
itself, and take % the resulting number, and taking the square root of this here you will get the side
of the quadrangle. Whenever you circumscribe an equilateral quadrangle outside a circle and want
to know its side, this will be immediately recognised: for as much is the diameter of the given cir-
cle, so much is also the side of the quadrangle.
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<19> Tpamneliov dopHoymviov O EuPadov ebpeiv. Toiel oVT®G. cVVOEG KopLETV Kal Bacty, Kol
TEU®V TOV ovviebévia aplBuov pécov 10 L4 tovTov mToAlomAaciacov Eml TV kdbetov (fyovv v
TPO¢ 0pBac), kai EEe1c TO EuPadov. kail Kaborlov 8¢ €v maot Toig Tpameliolg N avtn Eoton uébodoc.
Kol ka0’ €tepov 6& TPOTOV EMGTNLOVIKDTEPOV KOl OVT® TOMGEL TIC. £AV VAP ATO TOD TUXOVTOG
tpameliov 8EEMNG TETPAY®VOV, TO KATOAELPOEY TAVTOG &ig &V TV TprydvmV mepioTadnoeTal, oo
yYevouEVOL OMAOV €GelTorl Aol TO EUPadOV: €l yap &v péEpEL HeEV AAPNG TOD TETPAYDVOL €V UEPEL O
avdic Tod Tprydvov, 10 &€ dupotépmv cuvayduevov £cgitar tod Tpameliov TO &uPadov. Tac &€
TOVT®V KOOETOVG Kol TOG DTOTEWVOVGAG EVPNOELS MG &V TAIG Tpolafovoalg pebdd0IC TV TPLYOVOV
EIPNKOLEV.

<20> moAvmAevp®V dE Kol TOAYOVIEV TO EUPadOV ePETV. ToiEl OVTMC.

[Tevtaydvov icomhevpov 10 EUPadOV gVPELV. Toigl oVT®G. TOALUTANGINGOV piay TV TAELPOV
€lg €00V, Kal TOV yevouevov aplOpov dmdekamiaciocov, Kol Tod yevopévov pépog Aafov
g€elc 100 meviaymvov 10 EuPaddov. ‘E&aymvov icomiedpov TO EuPadov €Opeiv. moigl oHTMC.
HETPNOOV oV TOV TAEVPDV €1G 0TV, Kol ToD yevopévou AaPe O yv*¥ kal 0 1%, Omep £EamAa-
oldcag gvpnoelg o 100 E€aymvov EuPadov. Entaydvov icomiebpov O EuPadov ebpeiv. piav td@V
TAELPGOV apiOUM GOV €ig EaVTV, Kol TOV YIVOUEVOV Gel apifuet €mi TOV uy, Kol Tod YEVOUEVOL APV
uépog 1B €€eic tod Emtaym@vov TO EuPadov. OkTaymdvov iGomAevpov TO EUPadov eVpelv. moiet
oUT®G. moALaTAGiaGoV piay TAV TAEVP®VY €iC EAVTAV, Kol TOV Yevouevov apibuncov €mi tov KO-
ToUToL 0¢ TO ¢ AaPav €Eelg Tod dkTaydvov TO EuPaddv. ‘Evveaywviov icomievpov 10 EuPadov
gVpEIv. moincov piav v mAeVPAV €l EavTnV, Kol TOV YEVOUEVOV HETPNGOV €T TOV va, OV UEPOC
N €01t 10 EUPadov. Aekoywviov 1I6oTAEIPOL TO EUPASOV gVPETY. AdPe piav TV TAEVP®V €1G £0v-
™V, Kol TOV yevouevov apifuncov €xt tov i, kol Tod Tt yevouévou T0 <« AdPmv EEe1c T0 EuPadov
ToD dekaymviov. ‘Evdekaywmviov icomAedpov 10 EuPadov evpeiv. apibuncov piav tdv mAevpdV €ig
EQVTNV, Kol TOV YevOuevov Toincov &rt Tov ¢ TouTov 08 10 (' €otan 10 EUPaddv. AmdEKay®VOL
icomAeVPOL TO EUPUSOV EVPETV. TOAATANGIOCOV iV TOV TAEVPDY EQ’° £0VTNV, KOl TOV YEVOUEVOV
EML TOV e’ T00TOV 08 AaPav 10 8% E&e1c TO EUPadov.

<21> "Oca 6¢ T@V TOATAEDP®V Kol TOAYOVIOV GYNUATOV 0VK EIGLV IG0TAEVPA KOl IG0YDVIN
AL dvica, TadTo €iC TPIYOVO KOTOTEUVOUEVO KOl SLOIPOVLEVO KATOUETPEITAL, KOl ACQOADG TO
ToVTOV doyvacketal EUPadov. Aobévtog ywpiov dvica TAGTN EYovtog Kol €ic TOAATAGGIOV pij-
KOG EKTEWVOLEVOD EVPETV ToVTOL TO EUPadov kata [Matpikiov. {marg. on(ueimcar)} cvvleg Ta TAA-
™ dcomep gbpolg, gite Tpia giciv gite 6 gite mAsiova, Kol T060VTOV HEPOS GO TOVTOV AaPAV KOTO
TOV T ovvbécemc Adyov apibuet iy TodTo €ml TO UfKOG, Kol TO YvopeEVOV £0Tol TOD ympiov TO
EUPadov: fiyovv el pev tpia. cuvinoeig, AaPe 10 v, €l 8¢ J, 10 6%, €i o€ €, 10 €, Kai £ETc Opoimg
K0T TOV 00TOV AdYOV.

<22>’lotéov O OTL TAV 10 TETPAYDVOV IGOTAEVP®V TO EUPadOV 18 motel KOKA®V EUPadOV: TO
1y i6OTAEVPO TETPAYDVO A TPIY®OVA TOOVOV iIGOTAELPO TO OE € TETPAYWOVO, Y TEVTAY®VA: TA OE 1Y
TETPAY®VO, € EEAY@VO TA Wy TETPAymVa, 1ff Emtdymva: Ta kO TeTpdymva, £ OKTAy®Ova: TO Vo Te-
TPAY®VO, L EVVEAYOVIL: TO 1€ TETPAY®VA, 000 deKAYmVA, Kol GAAMG 08 TAAY AKPIBEGTEPOV: TA AN
TETPAY®VO, € dekdymva: 0 EC TeTpdymva, { EVOEKOy@VIO: TO 0& UE TETPAYOVO, O SMOEKAYMVA.
TOOTO APYLUNONG ATESEIEEY O UNYOVIKDOTOTOC.

<23> Todta pév ovv T £10n koi o Ocopnpate dcov &l Tdv EupadopeTpicdy Smmédov: &mi 68
TAV GTEPEDV TPOCSTIOEUEVOL EKAGTN UETPNGEL Kol ToD mhyovg E€aipeta yivovtal Oempnuata. Eicl
0¢ oTePe@®V €10M Oéka Gaipa, KAVOG, OPferiokoc, KOAMVOIPOG, KOPoC, oenVvickoc, Lelovpog, Kimv,
TAMvOig kol Topapic. Ta 6& PETPOL KAV TOIG GTEPEDIC T aVTA UEALELS XpTioBat & Kol &v T T®V £mt-
TESWV APy EMNADGAUEY. O YOOV Ol THG NUETEPOC YEPOG EV TETPAYDVE GTEPEDS TAAALOTNG EAKEL
oitov kabapod Aitpav o Kol ey, kp1fg 6& AMtpav a kol {sp. 2 litt.}, kal KEyypov Altpav o Koi £E4-
v An. {6 versus vacui}
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19. Find the area of a right-angled trapezium. Do as follows. Compose the upper side and the
base, and cutting the composed number in the middle multiply " this by the height (namely, the
perpendicular), and you will get the area. And in general the procedure will be the same for all tra-
pezia. Someone will also do in another, more scientific, way as follows. In fact, whenever you re-
move a quadrangle out of a trapezium taken at random, what is left over will in every instance turn
out as one of the triangles; this coming about the area will be clear to everyone; for, if you take care
respectively of the quadrangle and of the triangle anew, what is gathered from both will be the area
of the trapezium. You will find the heights and the hypotenuses of these as we have said in the pro-
cedures for the triangles taken above.

20. Find the area of polylaterals and polygons. Do as follows.

Find the area of an equilateral pentagon. Do as follows. Multiply one of the sides into itself, and
duodecuple the resulting number, and taking a ' part of the result you will get the area of the pen-
tagon. Find the area of an equilateral hexagon. Do as follows. Measure one of the sides into itself,
and take %4 and Yo of the result; sextupling exactly this you will get the area of the hexagon. Find
the area of an equilateral heptagon. Count one of the sides into itself, and always count the result by
43, and taking a %1, part of the result you will get the area of the heptagon. Find the area of an equi-
lateral octagon. Do as follows. Multiply one of the sides into itself, and count the result by 29; tak-
ing s of this you will get the area of the octagon. Find the area of an equilateral enneagon. Do one
of the sides into itself, and measure the result by 51, a "4 part of which is the area. Find the area of
an equilateral decagon. Take one of the sides into itself, and count the result by 15, and taking %5
what further results you will get the area of the decagon. Find the area of an equilateral hendeca-
gon. Count one of the sides into itself, and do the result by 66; '/ of this will be the area. Find the
area of an equilateral dodecagon. Multiply one of the sides into itself, and the result by 45; taking
Y4 of these you will get the area.

21. All those of the polylateral and polyangular figures that are not equilateral and equiangular
but unequal, these will be measured out once cut out and partitioned into triangles, and the area of
these will be faultlessly determined. A region that has unequal widths and extending into a multiple
length being given, find the area of this according to Patrikios. Compose the widths, exactly as
many as you find, whether they are three or 4 or more, and taking so much a part from these as
according to the rule of composition count this by the length, and the result will be the area of the
region; namely, if you will compose three, take Y4, if 4, Y, if 5, ¥, and similarly in succession ac-
cording to the same rule.

22. One must know that the area of 11 equilateral quadrangles makes the area of 14 circles; 13
equilateral quadrangles make 30 equilateral triangles; 5 quadrangles, 3 pentagons; 13 quadrangles,
5 hexagons; 43 quadrangles, 12 heptagons; 29 quadrangles, six octagons; 51 quadrangles, 10 enne-
agons; 15 quadrangles, 2 decagons, and again, otherwise, more exactly: 38 quadrangles, 5 deca-
gons; 66 quadrangles, 3 hendecagons; 45 quadrangles, 4 dodecagons. Archimedes the most-clever
proved these.

23. Then, these are the species and the ultimate species as for the planimetric surfaces; as for the
solids, once the thickness is also added to each measurement, there comes to be the specific ulti-
mate species. There are ten species of solids: sphere, cone, obelisk, cylinder, cube, wedge, meiou-
ros, column, brick, and pyramid. In the case of solids too you should use the same units of meas-
urement as those we also highlighted at the beginning for the planes. Then, the solid palm in a
quadrangle through our hand really drags 1 and % pound of winnowed grain, 1 and [...] pound of
barley, and 1 pound and 38 hexagia of millet.
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<24> mepi otepeOETPiOg

{marg. mepl cpaipoc} AAM €mi 10 EUPAOOV TAOV OTEPEDV YMPNOWOUEV. GPAIPAG TO 8[.LBOL5OV
gOpeiv. moiel obtwg. TV Siduetpov €9’ Eavthv- Koi TOV yevopevov avdic aplouov &mi tov - eito
oD yevopévou Adfe 10 18%, kol moAllamlociocov avtd €ml TO Vyoc ThS ceaipag: {sp. 15 litt.}
{marg. on(peiocar)} tovtOV & « kal ¢ uépoc haPov &Eeic thg opaipac 10 otepedv, fTOol TO
EUPadOV THC YpNoe®S. AAM®G VPEIV TO GTEPEOV. TOINGOV 0VTMG. AAPE KUPIKDC TOV THS oPaipag
BE@VO — TOLTEGTL THV SIUPETPOV —, KO TOV GO TOVTOL YEVOUEVOV APLOUOV ToinGoV 10, GV HEPOC
MPav ko EEeig TG opaipag TO oTEPEOV. TNV 0& {marg. ToVTécTL T0 EUPadoV TG OANG Empaveiog}
EMPAVELLY ELPETY. TTOINGOV 0VT®G. ApiOUNGOV €ig EAVTV TNV JAPETPOV, Kai TOV YEVOUEVOV Ap1D-
LOV TTOINGOV TETPAKIC, Kol TOV ETL YEVOUEVOV TTOINGOV EVOEKAKIC: TOVT®V 0& HEPOC AdPmv 10% EEEIC
mv Emeavelay. "ETt kal dAA®G TV Empavelay e0pelv. TomAaciocov TV SIAUETPOV, Kal TOV YEVO-
pevov AdPe dexdkig Kol dmas,T kol €1 TO TG |22r EMpaveiog EUPadov — TovTésTv OANV TNV €Mt~
eavewoy. {marg. on(ueiooar)} "Ett xai &ng MV €medavelov VPEV. TOINGOV TNV SIAUETPOV £Q’
gautnV, Kai TOV yevouevov avdig émi tov ud, dv puépog 18 Eotar 1 dmipdveta. dmédeile 68 6 Apyt-

uodng 6t M Empavela g ceaipag {sp. 8 litt.} [terpa]nlaciov £6Tiv €vOG T®V LEYIGTOV KOKA®V

ToD dwapodvrtog {sp. 7 litt.} [diya] v cpaipav. HEYIGTOG 6€ KOKAOG £GTIV O TO ADTO KEVTIPOV EXOV
TG oeaipac. 1 & SIAUETPOC TG cPaipag gvpedNoETALl KATO TV TPOYPAQEIicaY €V TOIG KOKAOLG
EPOOOV- EVOG Yap TAV &V T opaipd peyioTov KOKA®V T meplpepeiag 10 kB dpeddv ToD Aotmod
AaPe 10 v, kol EEeic v dauetpov. Huuseapiov 10 otepedv gbpeiv. moigl obTmC. KOPLoOV TV
StépeTpov- koi TOV yevopevov 1S, av O PP 6Tt 10D Hpuoparpiov 1O oTePEdV. TV 8¢ Empdveioy
€VPEV OVTMG. TNV SAPETPOV €O’ EAVTNV: KOL TOV YEVOUEVOV €IKOGAKIG Kol dic: TouTOV d& Aafmv
uépog 1% €€eig v émpavelay. "Ett kai GAAwc. Toimhmoov v kabetov, Kai TOV dmd Tod SimAa-
olGHOD YEVOUEVOV EVOEKAKIC AaPav EEEIC TNV Empavelay. T TUMUOTOS € HTTOVOS MHG@aLpiov TO
oTEPEOV EVPETV. MOolEl OVTMG. TO & TG PACENMS HETPNOOV €’ £AVTO" KOl TOV YEVOUEVOV TPIOCAKIC.
gita. TV Kk6OeTov 8¢’ £ovTAV: Kol TOV yevOpEvOV GOVOEC T® Tpotépm Gpdud- eita TOV dAov
apOuov petpicog éml v kadetov avbig tOV Gmd t0dde yevouevov évdexamlaciocov, kai Tod
vevopévou pépoc AaPav kB {lege ka®} €Eelg 10 TOD TUNUOTOG OTEPEGV. TETOPTNUOPIOV OF
oQaipag TO oTEPEOV EVPEIV 0VT®G. KOPLoOV TNV Pacty 7 TV KAOETOV TOD TETAPTNLOPIOL — TAVTOV
Yap dott — Kol TO Yevopevo Sic elto £vdekdxic: tovtmv 88 pépoc kB {lege o} Eott TOD
TETOPTNHOPIOV TO OTEPEDY.

<25> {marg. mepi kOVOL} KDVOL T0 6TEPEOV €VPETY. TToiEl 0VT®G. AAPe TNV SAUETPOV TOD K®-
VOu Kol TV mepipeTpov, kol bpe tod Kkdhov 10 Eufaddv: eita 10 ¥ Tfig KabéTov Tod KdVov Ao-
Bov (iyovv Vv Ao TG KopLETg TOD KOVOL UEYPL THG TEPLpepeiog dtkovaay gvbsiov) Kai &ml TO
oD KOKAOV TTomoag EUPadov T0 6TEPEOV EVPNGELG TOD KMVOL. "ETt Kdvov v kdbetov Kol 10 oTe-
peOV gVPEV. Adfe TG SaUETPOL TO L €9’ €0vTO. Kol piov Amd T®V KAMUATOV TAELPAV TOD KMVOL
OGATOS 8¢° £0TAV: Kal 4md ToD yevouévov &k tahtng &ptdpod dpov tov edpedivta dptOuodv amd
oD £ TG PAcemS TOV 0& EvamorelpOiévimv mievpay AaPav TeTpayovikny EEE1C TV KAOETOV TOD
KOVOV. TO 0& EuPadov Tod KdVOL EDPNGEIC MG AVAOTEP® gipnTol. Amédelée 6& 6 Apyumdng &t mioa
oQoipa o PEPOG EGTL TOD TTEPIAAUPAVOVTOG ODTIV KVAIVOPOL — TOVTEGTL TOV THV oOTHV Pdoty Kai
70 avto Vyog &xovtog {ioca}. Kal mdg kdvog tpitov péPoc €6tl KLAIVOPOL TOD TNV avTV Pdacty
&yovroc avtd kai T0 Dyoc ioov. Ei ovv 0éleic cpaipag eupeiv TO oTEPEdV THG £)000mg, MG sipnTar,
Vv Pdow kai 10 Vyog icov 1@ KLAIVOp®, AdPe TO > ToD oTEPEOD TOD KLAVEpOV, Kol EEE1C THG
oQaipag 10 otepedV. TO 0& Y OpoimG TOD TO10VTOL KVAIVOPOL AaPdvV EDPNGELS TOD KOVOL TO OTE-
peov o1 v sipnuévny aitiav. Kolohpov 6& KdVOL — TOVTESTIV ATEAEGTOL — TO GTEPEOV ELPELV.
moiel oVTG. oHVOEG TAG 600 SLOUETPOVS — TOVTESTL TV |22y peilova kol TV EAdocova — TOVTOV O
0 2« £otor 1 T00 mephapPdvovioc avtv KOKAov dtdpetpoc €Efc evpiokmv TOod KOKAOL TO
EUPadOV moinGov avTo €l TO URKOC, Kol EEEIC TOD KMVOL TO GTEPEOV.
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24. On stereometry

On the sphere. But let us proceed to the content of the solids. Find the content of the sphere. Do
as follows. The diameter by itself; and the newly resulting number by 11; afterwards, take %4 of
the result, and multiply it by the height of the sphere; taking the "4 and ' part of these you will get
the volume of the sphere, viz. the content of the span. Find the volume otherwise. Take cubically
the axis of the sphere—that is, the diameter—and do the number resulting from this 11 times; tak-
ing a 4 part of this you will get the volume of the sphere. Find the surface {marg. that is, the area
of the whole surface}. Do as follows. Count the diameter into itself, and do the resulting number
four times, and the further resulting number eleven times; taking the %14 part of these you will get
the surface. Further, find the surface otherwise too. Double the diameter, <and do the result into
itself,> and take the result ten times and once, and <taking the "1 part of these> you will get the
area of the surface—that is, the whole surface. Further, find the surface otherwise too. Do the di-
ameter by itself, and the result by 44 anew, a “i4 part of which will be the surface. Archimedes
proved that the surface of the sphere is [four] times one of the great circles which partition the
sphere [in half]. A great circle is the one having the same centre as the sphere. The diameter of the
sphere will be found according to the algorithm written above for the circles, for removing "5, of
the circumference of one of the great circles in the sphere take %4 of the remainder, and you will get
the diameter. Find the volume of a hemisphere. Do as follows. Cube the diameter; and the result 11
times, "4 of which is the volume of the hemisphere. Find the surface as follows. The diameter by
itself; and the result twenty times and twice; taking a %14 part of these you will get the surface. Fur-
ther, otherwise too. Double the height, <and do the result into itself,> and taking eleven times the
<number> resulting from doubling <and further taking the '4s part of these> you will get the sur-
face. Find the volume of a segment smaller than a hemisphere. Do as follows. Measure 5 the base
by itself; and the result three times. Afterwards, the height by itself; and compose the result with
the previous number; afterwards, measuring anew the whole number by the height undecuple the
<number> resulting from this here, and taking a "4, part of the result you will get the volume of the
segment. Find the volume of a quadrant of a sphere as follows. Cube the base or the height of the
quadrant—for it amounts to the same—; and what results twice; afterwards, eleven times; a /5 part
of these is the volume of the quadrant.

25. On the cone. Find the volume of a cone. Do as follows. Take the diameter and the circum-
ference of the cone, and find the area of the circle; afterwards, taking a 4 of the height of the cone
(namely, the straight line reaching from the apex of the cone as far as the circumference) and doing
<it> by the area of the circle you will get the volume of the cone. Further, find the height and the
volume of the cone. Take 4 the diameter by itself. And likewise, one side on the slope of the cone
by itself; and, from the number resulting from this, take up the number found from 4 the base;
taking the square root of what has been left out you will get the height of the cone. You will find
the content of the cone as said above. Archimedes proved that every sphere is % part of the cylin-
der that comprehends it—that is, the one having the same base and the same height. And every
cone is a third part of the cylinder that has the same base as it and an equal height. Then, if you
wish to find the volume of a sphere that has, as said, the base and the height equal to <the ones of>
a cylinder, take % of the volume of the cylinder, and you will get the volume of the sphere. Simi-
larly, taking "4 of such a cylinder you will find the volume of the cone because of the said reason.
Find the volume of a truncated—that is, without the end—cone. Do as follows. Compose the two
diameters—that is, the greater and the lesser—; ' this will be the diameter of the circle that com-
prehends it; next, finding the area of the circle do it by the length, and you will get the volume of
the cone.
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<26> {marg. nepl ofehickov} OPelickov €yovtog &v T PAcel KOKAOV gVPETV owTOD TNV KAOE-
TOV. Toigl 0VTMG. AAPe TO « TG PAcEDC €0’ €0VTO, Kal piay TAOV T0D OPEAIoKOL TAELPOV DCAVTMG
8¢’ £ontrv, €€ OV dpede TOV cuvaydévta apOudy md tod  tiig Bhoswg, Kol Tod KoTarelpOéviog
mAeupay AaPav TETpaymVIKNV £EEIG TNV TOD OPeAiokov KAOETOV. TO 08 0TEPEOV EVPNOEIS KOTA THV
0D KOVOL EPOdOV.

<27> {marg. mepi KOAvopov} KvAivopov 0 otEpedV e0peiv. MaPe amo TG mepipepeiag, Gomep
on Kol amwd Tod KOKAOV, T0 EUPadov, Kol ToDTo moAlamAlaciacov €ml TO ufjkog, Koi £E€1g TOD KLAIV-
dpov TO GTEPELV. TNV OE EMPAVELQY EVPETY. AAPE TG dtapéETPov TOD KLAIVOpoL TO {sp. 2 litt.} [Tp1-
mAdctov] kai £, Kol TOAAUTAAGIONGOV aDTO €l TO UHKOC oToD, Kol EEE1C TNV EMQAVELQY.

<28> {marg. nepl kOPov} Kvpov petpijoal — TovTéTL GYTUA TETPAYOVOV GTEPEOV VIO TPLOV
JOTACEWMV TTEPLEYOUEVOV (TIYOUV UNKOVG, TAGTOVS Kal Dyoug 1 fdBovc). evpelv adTod T0 GTEPEOV.
nolanAaciocov TO pfikog émi To mAdTog, kol TOV Yevopevoy avdig émi to Dyoc | &nt 1 Pdboc, kai
T0600TOV £€0T0L TO TOoD KOPOoV 6TepedV. "ETt ki dAAmG gvpelv TO T0D KOPOL 0TEPEOV. TToiEL OVTMC.
pioy TV mAEVPGAVY ToINGOV EENKOVTAKIC Koi TOV £TL YEVOEVOVY €Ml TO TAATOG" Kod TOV avdig Yevo-
pevov €mi T0 Dyog 1j €mi 10 PAboc: Kai Tod yevopévov Hotepov AaPav to £ EEglg Tod KOPoV TO oTE-
peov. Ei eig opaipav Oeinom kopov tetpaymvov EuPalelv, kol BovAndd yvadval toon E6Tot EKAGTN
oD KOOV TAELPE, TOID OVTMG. TO L TG SIAUETPOV THG GPAIPAG TOID £’ £0VTO, KOl TOV YEVOUE-
vov Sumhactdlm, o0 mlevpd TeTpayviKh £6Tal 1) Tod KOPov TALLPE. THV 8¢ doydviov ToVTOoL €V-
PEIv. MaPe piav @V TAevpdv 8¢’ £0VTHV, KOl TOV YEVOUEVOV OGOV Big, 00 MAELPA TETPOYMVIKT)
gotal 1 Tod KOOV dlaydVIOG Kal TG oPaipag SAUETPOG.

<29> {marg. mepl GEMVIGKOL} ZENVIOCKOL TO GTEPEOV €VPELV. Toiel obtmc. cuvleg TAGTOG Kol
méyog, Kol TOV yevouevov pépicov {lege moincov} &mi 1O mdyoc, kol TOV avdig yevouevov £mi 1o
UTKOG — TOVTESTLY €7l TO VYOG — TOD O€ YeEVOUEVOL TETAPTOV HEPOC AaPmv EEELG TOD GONVIGKOL TO
otepedv. "ETt kai SAog. mollamhaciocov TO mhyog émi 1O mAGTOC, Kai TOV yevouevov ondic &ml o
HAKOC, 0VTIVOG TO £ £6TaL TO GTEPEOV TOD GENVIGKOV.

<30> {marg. mepi pelovpov} Melovpov TO 6TEPEOV EVPETY. Toigl oVT®G. Apiduncov 10 TAdTOg
ML TO TAY0G, Kol TOD YEVOUEVOL Aaf®V TO 4 Toincov €mi 10 ufKog, kal £Eeig 10 otepedv. "Ett kai
Mg, pétpnoov 1o peilov mAaTog gig £antd. Kol T0 EAaccov Opoing eic £avtd- eito ovvieg OpoD
TOVG GplOPovG, Kol TEUMV 0DTOVG UEGOV TOAAATANGIOGOV TO L &ml TO UNKOG, Kol EVPNGELS TO
oTeEPEDV.

<31> {marg. nepi xiovoc} Kiovog gvpelv 10 otepedy. moiel oUTmG. oVvheg TOC B StopuETpoug
(ot g €0pac Kol THSC £QESPAG), KOl TEUMV HECOV EVPE TNV AVAAOYODGOV TI| TOLWDTY JUETP®
TEPLPEPELOY, KOl TOMGOC KOKAOV EUPadOV GO TOVT®V TOAAATANGIOGOV TO TOOVTOV EUPadOV Emi
10 pUiKog 10D Kkiovog, Kol EE€1G TO TOVTOL GTEPEDV. |3 TNV O EMpAvela eVpelV oVTwS. AGPe Edpag
Kol €PESPOC TOVG KUKAOLG — TOVTESTL THC Meilovog Kol TH¢ fTTtovog meplpepeiag —, Kol cuveig
TaOTOg OHoD AdPE TOOTOV TO £, O Kol YAQLo0V £l TO UKOG, Koi EEE1C TNV ToD Kiovog Empaveiay.

<32> {marg. mepi mAvOidoc} [TAvBidog 10 otepedv obtmg evpebnoeTan domep mt o KOPoL:
Kol ToDTO YOp KOBOG TOPAAANAOYPOUUOG KOl ETEPOUNKNG AEYETAL.

<33> {marg. mepl mopapidog} IMupapidog v 1€ KAOETOV Kol TO GTEPEOV EVPELV. MoiEl 0VTMC.
Kol TNV pev kaBeTov e0PElV. TOAATANGIOCOV iy TOV TAEVPDY £Q° EQLTNV, KOl TOV YEVOUEVOV Oi-
AoV £ito ToD Yevopévov AdPe 1O 8. kai avdig dpiduncov &v TV Khpdtmv 8¢’ £0nTd, Kol 8k
TOD yevopEVOL TO PNV 0% dpelmv ToD Aouod AdPe TAEVPAV TETPAYOVIKNY, Kol EEE1C TNV KAOE-
TOV. TO & GTEPEOV EVPELV. TTOINCOV TNV TAEVPAV ¢’ VTNV, Kol ToD yevouévov T0 Y Aafmv apio-
unoov €@’ OANV Vv kdbeToV, Kal EEEIG THC TVPAUISOC TO GTEPEOV.

Tov 8¢ Topapidwv S1pdpov 0VGMV d1APOoPOL Kol ol TOVT®V UETPNCELS EIGTV. ol UEV YOp AOTOV
€Ml TETpaydVOL €ioi PePnrvia, ai o0& ml Tprymvov, ETepat € £ml KOKAOL, Kol AL £TL TOAVY®VIOV
Kol TOAVTAEDpmV: Koi TovTmv avdig ai pév eig 0ED Afyovotv dBerickov Sikny, ai sict kwvoeldeic,
S tpomel0tdEig, Kai ETepat KOLOVPOL, BV EKAGTNG AOYOV TPOCTKOVIMG EKONGOLEY.
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26. On the obelisk. An obelisk having a circle in its base, find its height. Do as follows. Take "5
the base by itself, and likewise one of the sides of the obelisk by itself, from which remove the
number gathered from ' the base; and taking the square root of what has been left over you will
get the height of the obelisk. You will find the volume according to the algorithm of the cone.

27. On the cylinder. Find the volume of a cylinder. Take the area from the circumference, in-
deed exactly as from the circle too, and multiply this by the length, and you will get the volume of
the cylinder. Find the surface. Take [three times] and ' the diameter of the cylinder, and multiply
it by its length, and you will get the surface.

28. On the cube. Measure a cube—that is, a quadrangular solid figure contained by three
dimensions (namely, length, width, and height or depth). Find its volume. Multiply the length by
the width, and the result by the height or by the depth anew, and so much will be the volume of the
cube. Further, find the volume of the cube otherwise too. Do as follows. Do sixty times one of the
sides; and the further resulting <number> by the width; and the new result by the height or by the
depth, and taking finally "o of the result you will get the volume of the cube. If I will wish to insert
a quadrangular cube into a sphere, and wanted to know how much will be each side of the cube, I
do as follows. I do " the diameter of the sphere by itself, and double the result, the square root of
which will be the side of the cube. Find the diagonal of this. Take one of the sides by itself, and do
the result twice, the square root of which will be the diagonal of the cube and the diameter of the
sphere.

29. On the wedge. Find the volume of a wedge. Do as follows. Compose width and thickness,
and do the result by the thickness, and the new result by the length—that is, by the height—; taking
the fourth part of the result you will get the volume of the wedge. Further, otherwise too. Multiply
the thickness by the width, and the result by the length anew, whose 4 will be the volume of the
wedge.

30. On the meiouros. Find the volume of a meiouros. Do as follows. Count the width by the
thickness, and taking ' the result do <it> by the length, and you will get the volume. Further,
otherwise too. Measure the greater width by itself. And similarly, the lesser by itself; afterwards,
compose the numbers together, and cutting them in the middle multiply their % by the length, and
you will get the volume.

31. On the column. Find the volume of a column. Do as follows. Compose the 2 diameters (viz. of the
floor and of the ceiling), and cutting <them> in the middle find the circumference associated with such a
diameter, and making the area of a circle from these multiply such an area by the length of the column,
and you will get the volume of this. Find the surface as follows. Take the circles of the floor and of the
ceiling—that is, the circumferences of the greater and of the smaller <circles>—, and composing these
together take % these, which compute by the length too, and you will get the surface of the column.

32. On the brick. The volume of a brick will be found exactly in such a way as for the cube; for
this is also called a parallelogrammic and oblong cube.

33. On the pyramid. Find both the height and the volume of a pyramid. Do as follows. And find
the height. Multiply one of the sides by itself, and double the result; afterwards, take " of the
result. And count one of the oblique sides by itself anew, and removing the said "4 from the result
take the square root of the remainder, and you will get the height. Find the volume. Do the side by
itself, and taking "4 of the result count by the whole height, and you will get the volume of the
pyramid.

As the pyramids are manifold, the measures of these are manifold too. In fact, some of them
happen to stand on a quadrangle, some on a triangle, others on a circle, and others on polygons and
polylaterals; and anew, some of these, which are cone-like, end in a point like an obelisk, others are
trapezium-like, and others truncated; we shall set out accurately an account of each of these.
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AN ANNOTATED PARAPHRASE OF THE COMPENDIUM

For every section of the Compendium, 1 shall provide a summary of the contents and point to paral-
lel procedures in Hero’s Metrica and in other geometric metrological collections; mathematical
details are given in the footnotes. The procedures are formalised by means of algorithmic transcrip-
tions, with the conventions listed above. In the algorithms®', I kept the distinction made in the text
between taking a part of a quantity (which I formalise as a preposed unit fraction) and dividing a
quantity by a number (which I formalise as a quotient sign followed by the divisor); the latter is
employed whenever the divisor is the value of a geometric object and not a pure number.

As for notation, s denotes the side of an equilateral and equiangular figure; s with a subscript
numeral is a side of a different ultimate species; /, w are the two dimensions of a rectangle; a, b, ¢
the sides of a triangle, and 4, the height dropped to side a; b, h, u are the base, height, and hypote-
nuse of a right-angled triangle; Px is the projection of side x of a triangle on a reference side; d is a
diagonal or a diameter; d; and d. are the diameters of the circle inscribed in and circumscribed to a
triangle, respectively; p is the circumference of a circle; 4 is the height of a figure; b is the base of a
segment of a circle or of a sphere; £ is the oblique side of a cone; /, w, & are the three dimensions of
a rectangular parallelepiped; A4 is the area of a figure; 4., with x =3 ... 12, is the area of an equilat-
eral and equiangular figure; V is the volume of a figure; subscript R = rectangle, 7r = triangle; R, =
rhombus or thomboid; C = circle; H = semicircle or hemisphere; 7; and 7. = squares inscribed in or
circumscribed to a circle; Tra = trapezium; S = sphere; Qu = quadrant; Co = cone; Cy = cylinder; O
= obelisk; K = cube; Sf = wedge; M = meiouros, that is, a tapering parallelepiped ; Ki = column; P
= pyramid.

1. A series of definitions: reference direction, milestone, lines, angles, genera of measurement, spe-
cies of measurement (that is, classes of figures: quadrangles, triangles, rhombi, trapezia, and cir-
cles), ultimate species (theorémata, a standard designation in geometric metrology) of figures: two
ultimate species of quadrangles, six of triangles, two rhombi, four trapezia, four circles.

This section coincides with Geom. 3, 1-4 + 3, 15+ 3, 18 + 3, 22-23 = Geod. 3, 1-4 + 3, 15 + 3, 18 + 3, 22-23.

2. List of units of measurement.

This section almost coincides with Geom. 23, 4.

3. Conversions between some units of measurement.

This section coincides with Geod. 4.

4. Construction of a square by joining the centres of four mutually tangent® circles.
Algorithm for finding the area of a square: (s) — s* = A4.

Algorithm for finding the diagonal of a square: (44) — 244 — \(244) = d.

This basic algorithm for the area is employed throughout Geom. 5; the algorithm for the diagonal is as in Ge-
om. 5,3 SV. For the area see also Geod. 7.

5. Construction of a rectangle by cutting a square in half.
Algorithm for finding the area of a rectangle: (/,w) — Iw = Ag.
Algorithm for finding the diagonal of a rectangle: (I,w) — 2. w?> — (P + w?) =d.

%! In this section, the mathematical meaning of “algorithm” is intended throughout.
62 Strictly speaking, this is false: no four equal circles can be mutually tangent.
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The basic algorithm for the area is employed throughout Geom. 6 (but not in 6, 2 SV, where we find the sur-
veyor’s formula) and 14, 1-2, 7, 10; the algorithm for the diagonal is as in Geom. 6, 1 SV. For the area see al-
so Geod. 8.

6. Construction of an equilateral triangle by joining the centres of three mutually tangent circles.

Algorithm for finding the area of an equilateral triangle®: (s) — s* — ("4 + Y0)s* = 45.

Algorithm for finding the area of a generic triangle: (a,h.) — aha — Y5(ahs) = Ar-.

Algorithm for finding the area of a generic triangle: (a,h) — hd["A(a)] = Az

(Heronia) algorithm for finding the area of a generic triangle from its sides only:
(a,b,c) > (@a+b+c)— Ba+b+c)—a a+b+c)—b. ha+b+c)—c—
[Ya+b+o)[Ba+b+c)y—al—[Ya+b+o)[Ya(a+b+c)—al[s(a+b+c)—b] —

— [Ya+b+o)laa+b+e)—allsla+b+c)-bl[Yaa+b+c)—c]—
—V{[Ya+b+)[a+b+c)—al[a+b+c)—bl[YAa+b+c)—cl} =Ap.

Algorithm for finding the side of an equilateral triangle from its area:

(43) — 3045 — %13(3043) — V[/13(3043)] = s.

Algorithm for finding the height of an equilateral triangle: (s) — s — s* — Va(s?) — V[s* — Y4(s?)] = h.

Algorithm for finding the height of an equilateral triangle: (s) — s° — [Y4(s)]> — V{s* — [Ya(s)]*} = h.

Algorithm for finding the height of an equilateral triangle: (s) — s — (Y10 + "40)s = h.

Algorithm for inscribing a square in an equilateral triangle®*: (s,h) — s + h. sh — (sh)/(s + h) = sa.
Construction of an isosceles triangle by cutting a rhombus in half.

The algorithm for finding the area of an equilateral triangle is as in Geom. 10, 1-2, 6, 9, Dioph. 20, 1, Geod.
10, 1-2, 6, 8-9. The algorithms for the area of a generic triangle—or slight variations on them—are employed
throughout Geom. 11-12 and Geod. 10. The Heronian algorithm is validated and formulated in Metr. 1, 8; it is
applied in Geom. 12, 30-32 and Geod. 12. The inverse of the side-area formula is in Geom. 10, 11 and 22, 3,
Dioph. 20, 2. The three algorithms for finding the height of an equilateral triangle are as in Geom. 10, 12, Di-
oph. 20, 3, Geod. 10, 11; Geom. 10, 13, Dioph. 20, 4; Geom. 10, 3, 4, Geod. 10, 3, 7, respectively. For the last
algorithm see Geom. 12, 43 and 24, 24-25.

7. Constructions of a right-angled triangle: cut an isosceles triangle in half; cut a square along a
diagonal; trace two random diameters in a circle and join their extremities: four right-angled trian-
gles result. Marginal note: denominations of the sides of triangles according to their intended
graphical representation in the Compendium: in right-angled triangles, the greater leg is set as the
base; in scalene triangles, the greater side is set as the base.

Algorithm for finding the area of a right-angled triangle: (b,h) — bh — "5(bh) — A.

Algorithm for finding the area of a right-angled triangle: (b,h) — "4(b)h — A.

Algorithm for finding the height of a right-angled triangle: (b,u) — 1> — 1*> — b> — (u* — b*) = h.
Algorithm for finding the base of a right-angled triangle: (h,u) — u* — h* — \/(u2 — W) =b.
Algorithm for finding the hypotenuse of a right-angled triangle: (b,h) — b%. h> — \N(b> + h*) = h.
Algorithm for finding the base of a right-angled triangle from the hypotenuse only®’:

(1) — 4u — Y5(4u) = b.

Algorithm for finding the height of a right-angled triangle from the hypotenuse only:

(u) — 3u — 53u) = h.

The basic algorithms for right-angled triangles are employed throughout Geom. 7 and Geod. 9.

63 The standard approximation 2%;5 for V3 is used in this section.

% This algorithm applies in general to isosceles triangles.

5 Despite being formulated as referring to a generic right-angle triangle, this and the subsequent algorithm apply to the
(3n,4n,5n) right-angled triangle only.
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8. Algorithms for providing the sides of numerical right-angled triangles, according to Pythagoras
and to Plato, respectively:

n=2m+1=h)y—n*—>n-1-%n*-1)=b%E-1)+1=u

(n=2m=>b)— [P = [LM)]-1=h—>h+2=u.

Algorithm for providing the sides of a numerical right-angled triangle from a given number: (n) —
—3n=h.4n=>b.5n=u.

Criterion for establishing the species of a triangle: if b* + h* = 1, the triangle is right-angled; if
b* + h? >/, it is acute-angled, if b* + h* <1/, it is obtuse-angled.

For the formulas traditionally ascribed to Pythagoras and to Plato see Geom. 8§, 1 and 9, 1, and Geod. 9, 14 and
15, respectively.

9. Obtuse- and acute-angled triangles. Their area is taken by means of the procedures already ex-
pounded. Algorithms for finding the greater and the smaller projections on the base of the sides of
obtuse- and acute-angled triangles:

(a,b,c) = a*. 2. ¢ — a* + b* — (a® + b*) — & — h[(a® + b?) — ] — {%[(@* + b)) — *]}/a = Py.
(a,b,c) — {%[(a* + ) - b*]}/a = P..

Algorithms for finding the height associated with the base of obtuse- and acute-angled triangles:
(a,b,c) — b* — b* — (Pp)* — N[B* = (Pp)*] = ha.

(a,b,c) = & — A — (P = [ = (P)*] = ha.

This section is possibly a synthesis of Geod. 11, 2—4 (scalene triangle). The same algorithms can be found in
Geom. 12, 1,4-6,9-12, 16, 19-20, and 23-24 (acute-angled).

10. Inscribing and circumscribing circles to triangles.

Algorithm for finding the diameter of the circle inscribed in a triangle®:

(a,b,c) > 4Ar.a+b+c— (44r)/(a+b+c)=d.

Algorithm for finding the diameter of the circle circumscribed to an equilateral triangle:
(s,h) = s* = (s2)/h =d..

Algorithm for finding the diameter of the circle circumscribed to a triangle®’:

(b,c,h) — bc — (bc)lh = d..

The first algorithm is as in Geom. 24, 27, 29, 31, 33, 35, and 37; the second, as in Geom. 24, 32; the third, as in
Geom. 24, 34, 36 and 38.

11. Construction of a rhombus by joining two equilateral triangles.

Algorithm for finding the area of a rhombus: (d1,d2) — di[4(d)] = Arn.

Algorithm for finding the area of a thombus: (d1,d>) — did> — "A(did>) = Arn.

Algorithm for finding the area of a thombus®®: (s) — s* — 5% — Y5(s%) = Arn.

The diagonals and the side of the specific rhombus considered here can be found by applying the
algorithms expounded for the equilateral triangle.

The first algorithm can be found in Geom. 13, 1-3, the second in Geom. 13, 2.

% This relation is a by-product of the proof that in Metr. 1, 8 validates the Heronian formula for finding the area of a generic
triangle from its.

7 The algorithm for the equilateral triangle is a particular case of this algorithm, whose relation is easily proved by using
similar triangles.

8 This is inaccurate or corrupt: given the standard formula for the area of an equilateral triangle, s should be replaced by
%s.
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12. Construction of a rhomboid by joining two scalene triangles, or by removing two (equal) right-
angled triangles from opposite corners of a rectangle.

Algorithm for finding the area of a thomboid®: (s1,s2,d1,d>) — s1d> = Arn.

Algorithm for finding the area of a rhomboid: (s1,52,d1,d2) — s2di = Agn.

The area of a rhomboid can also be found by dividing it into one rectangle and two right-angled
triangles, and by measuring each of these.

The diameter of a circle inscribed in a rhombus is equal to the shorter diagonal.

13. The circle.

(a) Algorithm for finding the area of a circle: (d,p) — dp — Ya(dp) = Ac.

(b) Algorithm for finding the area of a circle’: (p) — p> — 7p* — Ys(7p?) = Ac.

(c) Algorithm for finding the area of a circle: (d) — &> — 11d*> — Yiu(11d%) = Ac.

(d) Algorithm for finding the area of a circle: (d) — d* — d* — ("7 + Yia)d* = Ac.

(e) Algorithm for finding the area of a circle: (d,p) — YA(d)p — "A[YA(d)p] = Ac.

(f) Algorithm for finding the area of a circle: (d,p) — "A(p)d — A[A(p)d] = Ac.

(g) Algorithm for finding the area of a circle: (d,p) — 'A(d)"A(p) = Ac.

(h) Algorithm for finding the area of a circle: (d) — [YA(d)]* — YA[YAd)])* — 3[A@)] + VA A = Ac.
(i) Algorithm for finding the area of a circle: (d) — d&* — d* — Ya(d®) — [d* — Yu(d)] + Ya[d* — Ya(d®)] = Ac.
(p) Algorithm for finding the diameter of a circle: (p) — p — Ya2(p) — A[(p — Y2(p)] = d.

(q) Algorithm for finding the diameter of a circle: (p) — Y (p) — 7[Y2(p)] = d.

(r) Algorithm for finding the diameter of a circle: (p) — 7p — Y(7p) = d.

(x) Algorithm for finding the circumference of a circle: (d) — 3d — 3d + "4(d) — p.

(s) Algorithm for finding the diameter of a circle":

(0) = p* = p* = Yaalp?) + V4(%) — Volp? = Vaalp?) + VAP — NVl ~ Valp?) + V) = d.
Algorithms for finding the circumference and the diameter of a circle from their sum’*:
(n=d+p)—Tn—'h(In)=d—>n—d=p.

(n=d+p)— 22n— %o(22n)=p - n—p=d.

(¢) Algorithm for finding the diameter of a circle: (4) — 144 — Y11(144¢) — \ [V11(144)] = d.

(v) Algorithm for finding the circumference of a circle: (4) — 884 — Y4(884¢) — \[“4(884)] = p.
Algorithm for finding the diameter, the circumference, and the area of a circle from their sum’*:
(n=d+p+A)— 154n — 154n+ 841 — \(154n + 841). \(154n + 841) — 29 — Y4[\N(154n + 841)—29] = d.
2[V(154n + 841) — 29] — 4 {2[V(154n + 841) — 291} = p — 'A(d)A(p) = Ac.

If a circle is included in another circle, the area between the two is found by the lesser from the
greater.

Algorithm (@) can be found in Geom. 17, 1, 18; 21, 5; 22, 18; Dioph. 2; (b) in Geom. 17, 3, 13, 27, 32-33; 22,
17; (¢) in Geom. 17, 4, 15, 25-26, 30-31; 21, 25; 22, 15, Dioph. 1, 2; (d) in Geom. 17, 5, 14; 24, 40; (e) in Ge-
om. 21,5 C and 6; (g) in Geom. 17,2, 19; 21, 6; 22, 18, Dioph. 2; a slight variant of (%) in Geom. 17, 16; (i) in
Geom. 17, 17; (p) in Geom. 17, 11; (g) in Geom. 17, 7; (r) in Geom. 17, 6, 12; 21, 4, Dioph. 3; (x) in Geom. 17,
8, 10, 23, 24, 29; 22, 16; 24, 45, Dioph. 1, 1; a slight variant of (¢) in Geom. 17, 22 and 21, 8; (y) in Geom. 17,
22 and 24, 42. Algorithms (c) and (x) can also be found in De mens. 35. The first separation algorithm is as in

% This is true only if the diagonal and side are both the shorter ones and if the shorter diagonal is perpendicular to the shorter
side; the subsequent algorithm and the final relation are false.

70 The standard approximation 2% for the ratio between the circumference and the diameter of a circle is used in this section.

71" The algorithm is corrupt, and the present wording ambiguous. The fraction of p? to be added to p? is 52(*41).

72 There are three separation problems in the Compendium. The following two problems are solved by using the additional
relation p = 2%4(d).

73 This problem of separation amounts to solving for d the quadratic equation d + 2%4(d) + (Vi4)d? = n, that is, the equation
11d% +2x29d — 14n = 0. The algorithm yields exactly the standard quadratic formula applied to this specific equation.



48 Fabio Acerbi

Geom. 22, 18 and 24, 43. The third separation algorithm is a synthesis of Geom. 21, 9—10; see also Geom. 24,
46, and the exposition in Hero, Metrica 495—496. For the last statement compare Geom. 21, 1, at Hero, Opera
omnia IV 374, 3—6. See also the synopsis in Hero, Metrica 585-588.

14. The semicircle.

(a) Algorithm for finding the area of a semicircle: (b,p) — pb — Yu(pb) = An.

(b) Algorithm for finding the area of a semicircle™: (h,p) — hp = Au.

(c) Algorithm for finding the area of a semicircle: (b) — b* — 11b* — Y5(11b%) = Ap.

(d) Algorithm for finding the area of a semicircle: (b) — b> — b* — (4 + Yia)b> — [B* — (4 + Yia)b?] = An.
(e) Algorithm for finding the area of a semicircle: (h) — #* — 11h* — Y4(11h%) = Ap.

(f) Algorithm for finding the area of a semicircle: (p) — p* — 7p* — Yau(7p*) = An.

(g) Algorithm for finding the area of a semicircle: (b,h) — bh — bh — (Y5 + Y14)b* = Ap.

(h) Algorithm for finding the area of a semicircle: (h,p) — hp — Y(hp) = An.

(i) Algorithm for finding the area of a semicircle: (h,p) — [Y4(h)]p = An.

(j) Algorithm for finding the area of a semicircle: (b,p) — bp — Yu(bp) = An.

(k) Algorithm for finding the area of a semicircle: (b,p) — "4(b)"(p) = An.

(1) Algorithm for finding the area of a semicircle: (b,p) — Ya(p)(b) = An.

(x) Algorithm for finding the circumference of a semicircle: (k) — 34 — 3h + Y4(h) = pu.

(») Algorithm for finding the circumference of a semicircle: (b,h) — b+h — b+ h+ Y1(b+ h) = pu.

This section follows the plan of Geom. 18: algorithm (a) can be found in Geom. 18, 1; (¢) in Geom. 18, 4 and
16; (d) in Geom. 18, 5; (e) in Geom. 18, 6; (f) in Geom. 18, 7 and 22, 22; (g) in Geom. 18, 8; (h) in Geom. 18,
10; (i) in Geom. 18, 11; (j) in Geom. 18, 12 and 15; (k) in Geom. 18, 13; (I) in Geom. 18, 14; (x) in Geom. 18,
2; (y) in Geom. 18, 3.

15. Criterion for establishing the species of a circular segment: if 4 = '4(b), it is a semicircle; if & >
Y5(b), it is greater than a semicircle; if & < '4(b), it is less than a semicircle.

This section coincides with Geom. 20, 14.

16. Algorithm for finding the diameter of the circle equal to a given rectilinear region:

(4) = Y1(4) — 14[%1(4)] = V{14[Y1(A)]} = d.

Relation between the area of the rectangle contained by the diameter and the circumference of a
circle and the area of the circle: (d,p) — dp = 44.

The algorithm coincides with Geom. 21, 8, at Hero, Opera omnia IV 380, 4-9. For the relation compare Geom.
21,5 A.

17. Segments of a circle other than a semicircle.

Algorithm for finding the area of a segment of a circle less than a semicircle:

(b,h) — b+ h— h[a(b + h)]. [Va(b)] — Via[Va(b)] + h[/a(b + h)] = Ar.

Algorithm for finding the circumference of a segment of a circle less than a semicircle:

(b,h) — B 1> — AW — 4h* + B> — \N(4h* + b*) —>\(4h* + b?) + Ya(h) = Pr.

Algorithm for finding the area of a segment of a circle greater than a semicircle (in fact, only the
diameter of the circle is computed):

(b,h) — A(b) — [A(D)* — {[YAb)*Yh — h+ {[AD)/h=d.

A lesser segment of a circle being measured, the complementary segment turns out to be measured
too.

74 This is incorrect: compare (/). The verb form épwtnodtm suggests that a corruption has occurred.



Byzantine Geometric Metrology: An Overview 49

The first algorithm is as in Geom. 19, 1, 3, 5, and 8§; 20, 6, 11, the second, as in Geom. 19, 2 and 4; 20, 13. The
third algorithm is verbatim the same as in Geom. 20, 1, at Hero, Opera omnia IV 362, 9-22; the same algo-
rithm is used in Geom. 20, 4 AC; 20, 8, De mens. 32.

18. Miscellanea about circles.

Algorithm for finding the area of the region contained by three mutually tangent circles’:

(d) = d* — 2d* — Y14Q2d%) = Asc.

Algorithm for finding the area of the region contained by four mutually tangent circles:

(d) = d* — 3d* — Y14(3d%) = Asc.

Algorithm for finding the side of a square inscribed in a circle: (d) — d* — YA(d?) — [A(d*)] = st
Algorithm for finding the side of a square circumscribed to a circle: (d) — d = sre.

The first two algorithms can also be found in Dioph. 4-5. The inverse of the last two algorithms is in Geom.
24, 17-18.

19. Algorithm for finding the area of a (right-angled) trapezium:

(51,52,h) = (s1+ 52) = h[YA(s1 + 52)] = A1va

The area of a right-angled trapezium can also be found by dividing it into one rectangle and one
(right-angled) triangle, and by measuring each of these according to the already expounded proce-
dures.

For this general algorithm and for the subsequent argument see Geom. 16, 1-2, 11, 14; most of sect. 16 ex-
pounds algorithms in which the trapezium is divided into a quadrangle and one or more triangles, or into trian-
gles only.

20. Algorithms for finding the area of a regular n-gon (n =15 ... 12):
(5) = 5> — 1257 — Y5(125%) = 4s.

(s) = s* — (45 + Yio)s* — 6(V5 + Yio)s? = Ae.

(s) — 5% — 43s% — 15(435%) = 47.

(s) — s* — 295% — Y6(29s%) = 4s.

(5) = 5> — 515% — %(515%) = Ao.

(5) = 5> — 155 — 5(155%) = A1o.

(5) — 5% — 665* — Y5(665%) = A11.

(5) — s> — 455 — V(455 = A1n.

Compare this section with Metr. 1, 18-25, Geom. 21, 14 and 17-23; 22, 7-14, Dioph. 10-17, and De mens. 53
(octagon). See also the synoptic exposition in Hero, Metrica 484—488.

21. Irregular rectilinear figures are measured by dividing them into triangles.
Algorithm for finding the area of an irregular region by taking the mean of a number of measures
of its width, according to Patrikios: (a,b;) — Y./"bi — a[“,(3./"b:)] = A.

The first statement is an inflation of Geom. 21, 24, at Hero, Opera omnia IV 386, 11-13. Patrikios’ algorithm
as given here is a rewriting in procedural form of Geom. 21, 26-27.

22. Relations between the area of a square and the area of a series of regular figures that have the
same side (resp. diameter in the case of a circle) as the square.
1144 =144c.

75 This is greatly inaccurate: given the standard formula for the area of an equilateral triangle, %4 should be replaced by
("750)(V14)-
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1344 =304;.
5A44=34s.
1344 = 54e.
4344 =1247.
2944 = 6As.
51A44=104o.
1544 =2410.
38A44=5410.
6644 =TA411.
4544 =4A1>.

This section appears to be a slight rewriting of Dioph. 19.

23. Species of solids. The units of measurement for solids are the same as for plane figures.

The part on the species of solid coincides with Geom. 3, 24 and Geod. 3, 24. See the discussion in Hero, Met-
rica 465—466.

24. The sphere.

Algorithm for finding the volume of a sphere:

(d) — d&* — 11d* — Yiu(11d%) — h[Y1s(11d*)] — (% + Yo)h[V1a(11d%)] = V.

Algorithm for finding the volume of a sphere: (d) — d&® — 11d°> — Y1(11d°) = Vs.

Algorithm for finding the area of the surface of a sphere:

(d) > d&* — 4d* — 11x4d* — Viu(11x4d%) = 4s.

Algorithm for finding the area of the surface of a sphere’®:

(d) — 2d <— (2d)*> — 11xQ2d)> <— Yia[11x(2d)*]> = 4s.

Algorithm for finding the area of the surface of a sphere: (d) — d*> — 44d*> — Y14(44d%) = As.
Result established by Archimedes: the surface of the sphere is four times one of its great circles.
Algorithm for finding the diameter of a sphere: (p) — Y[p — Ya2(p)] = d.

Algorithm for finding the volume of a hemisphere: (d) — d&® — 11d° — Y (11d°) = V.
Algorithm for finding the area of the surface of a hemisphere: (d) — d* — 22d*> — %14(22d°) = An.
Algorithm for finding the area of the surface of a hemisphere’”:

(h) — 2h <— (2h)*> — 11(2h)* <— Ys[11(2h)*]> = 4.

Algorithm for finding the volume of a segment smaller than a hemisphere:

(b,h) — ["A(D) — 3[YAB). I* — B+ 3[YA(b)* — 11h[H* + 3[YA(B)*] — Y41 {11h[I* + 3[A(B)*} = Vr.
Algorithm for finding the volume of a quadrant of a sphere:

(b,h) — b* — 2b* — 11x2b° — Y%1(11x2b%) — V.

The first algorithm for the volume of a sphere is as in Stereom. 1, 1. The second algorithm for the volume of a
sphere and the first for its surface are as in Stereom. 1, 2-3, 7, 65, 68 and 72, Dioph. 7 (a slight variant) and 25,
7-8, De mens. 36. The second and the third algorithm for its surface are as in Stereom. 1, 5 and 6, respectively.
The algorithm for the volume of a hemisphere is as in Stereom. 1, 56, 66, and 69, Dioph. 25, 9. As for its sur-
face, compare the second algorithm with Stereom. 1, 73 (Dioph. 25, 10 is incomplete). The algorithm for the
volume of a segment less than a hemisphere is as in Stereom. 1, 71, Dioph. 21, 1; a slightly different formula-
tion is in De mens. 47. The algorithm for the quadrant is as in Dioph. 26, 4.

25. The cone.
Algorithm for finding the volume of a cone: (d,p,h) — (d,p) — Ac — [A(h)]Ac = Vco.

76 The text of the algorithm is incomplete.
77 The text of the algorithm is incomplete.
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Algorithm for finding the height of a cone: (d,k) — [A(d)]. K — i — [Ad)] — {2 - [Ad)]} = h.
Results established by Archimedes (the cylinder contains the sphere and the cone): % Ve, = Vs;
1/3VCy = Veco.

Algorithm for finding the volume of a truncated cone: (d1,d2,h) — a(di + do) =d — hAc = Vr.

The first two algorithms are as in Stereom. 1, 12 and 14, and as in I, 15 for the truncated cone.

26. The obelisk (a cone).
Algorithm for finding the height of an obelisk:
(d) = [YADP. I — I = [Ad)] — N = A} = h.

The volume of an obelisk is found according to the algorithm for the cone.

The algorithm is as in Stereom. 1, 18. For the final sentence see Stereom. 1, 18, at Hero, Opera omnia V 18,
10-15 CM.

27. The cylinder.
Algorithm for finding the volume of a cylinder: (p,h) — Ac — hAc= V.
Algorithm for finding the area of a cylindrical surface: (d,h) — (3 + 9)d — h(3 + '4)d = Acy.

The two algorithms are as in Stereom. 1, 19-20. The reference to the circle has a parallel in Stereom. 1, 19, at
Hero, Opera omnia V 20, 2—4.

28. Definition of the cube.

Algorithm for finding the volume of a cube: (/,w,h) — Iw — hiw = Vk.

Algorithm for finding the volume of a cube: (I,w,h) — 60/ — w60l — Iw60h — Yso(Iw60h) = V.
Algorithm for finding the side of a cube inscribed in a sphere’®:

(d) = [T — 2L A = N2[AD])) =s.

Algorithm for finding the diagonal of a cube: (s) — s* — 25* — \ (2s)=d.

The first algorithm is as in Stereom. 1, 2224, with an obvious parallel in Stereom. 1, 22, at Hero, Opera omnia
V 22, 8-10.

29. The wedge (a truncated pyramid with a quadrangular base).

Algorithm for finding the volume of a wedge’:

(Lw,h) — ([ +w) — w(l + w) — hw(l + w) — Ya[hw(l + w)] = V.

Algorithm for finding the volume of a wedge®’: (I,w,h) — wl — hwl — "A(hwl) = V.

The first algorithm is as in Stereom. 1, 26, the second as in I, 27. See also Stereom. 1, 25.

30. The meiouros (a prism with triangular or quadrangular base).

Algorithm for finding the volume of a meiouros®': (L,w,h) — wil — h['A(Wl)] = V.
Algorithm for finding the volume of a meiouros®*:

(Wi,wa,h) — wiZ. wo? — wi? + wa? — B[Ya(wi® + wd)] = Vi

The first algorithm is as in Stereom. 1, 28; for the second, Stereom. 11, 17; 11, 59, 4.

78
79

This and the subsequent algorithm are incorrect, as they apply to the case of a square inscribed in a circle.

The algorithm uses the area of a rectangle whose dimensions are the arithmetic means of the dimensions of the two bases
instead of using the arithmetic mean of the areas of the bases, namely, Y4(wi +w2)Y(/i + ) instead of Va(wili +wab). In
the present case, the latter is equal to 5(w2 + w,?). The formulation is careless and very likely corrupt.

This solid is a rectangular parallelepiped cut along a diagonal plane, that is, a prism with a triangular base.

This solid is in fact a prism with a triangular base.

The bases are two squares.

80
8
82
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31. The column (a truncated cone).
Algorithm for finding the volume of a column: (d1,d2,h) — Y5(di + db) — p — hdc = Vx.
Algorithm for finding the area of a column: (p1,p2,h) — YA(p1 + p2) — A[Ya(p1 + p2)] = Ak

The two algorithms are as in Stereom. 1, 21, whose final sentence (I, 21, 3) states that “the exposition of the
column is a correction of the same Patrikios, for the ancients did not mix the two diameters”. “To mix” means
here “to add”. See also Stereom. 11, 10-12.

32. The brick.
The algorithm for finding the volume of a brick is the same as for the cube.

Compare Stereom. 1, 29.

33. The pyramid.
Algorithm for finding the height of a pyramid®: (s,k) — s* — 25 — Y4(25?). i — N[> — V4(25%)] = h.
Algorithm for finding the volume of a pyramid: (s,h) — s* — h'4(s*) = Vp.

The two algorithms are as in Stereom. I, 31. A slightly different formulation of the first algorithm—it com-
putes Y4(s?) instead of Y4(2s?)—is in Stereom. 11, 55-56, De mens. 39. See also De mens. 41.

APPENDIX. THE ORIGINAL STRUCTURE OF VAT. GR. 1411

The subsequent two tables set out the original structure of Vat. gr. 1411 and some of its codicologi-
cal features. In both tables, the double frames separate independent production units, possibly uni-
fied under a prim(ary) quire number sequence according to the subject-matter (quires 5—7, geo-
graphy; 8—16, arithmetic; 17-19, metrology and logistic). The original quires were further unified
under the final numbering sequence. The lines per page are 29 (44—46 signs per line), 31 (50-52
signs), or 43 (68—70 signs). The script fr(ame) A is mm 212 x 153 =20 [169] 23 x 15 [113] 25; B
is mm 220 x 144 =22 [153] 45 x 19 [91] 34.

There is an obvious correlation between the dimension of the script frame, the lines per page,
and the nature of the copied work. Anc(ient) texts and the fill(ers) associated with them are assi-
gned 29 lines and frame B (the 27 lines for Ptolemy’s Geography are forced by the abundant inter-
linear annotation); Byz(antine) texts are assigned 31 lines and frame A; com(mentaries) and the
fill(ers) associated with them get 43 lines and frame A. Psellos’ poem is laid out on two columns.
In the second table, the prim(ary) quire numbers highlight the sectional character of the process of

copying.

quires orig. fol. pres. fol. text nature | no. lines | fr.
[1r]-33v 6r-37v Cleomedes, Caelestia 1-11 anc. 29 B
33v—34r 37v-38r TEPL OV TOLETTOL GYNUATOV 1] GEAVY TTPOC TOV A0V fill. 29 B

1-4 34y 38y 1{tap‘1 ‘C~Ol~) ﬁ}’»ion noTE ?:ic,épxswtff:'\'/ ™™ Kpl@)}((xi 61(‘{7:(’)00)\/, fill. 29 B

NUePAV S1épyetar TOVTOV T Kol EKAGTOV TV Ao®dV {mdimv

34v 38v oTE AP’ EKAOTOL €l EkaoTov TV {mdinv petofaivel fill. 29 B

35r—v 127t Planudes, Verse fill. | 2726 |[B]
36r-58v 128r—150v | Ptolemy, Geogr. 1.1-11.1.11, VIL.5.1-16, VIII.1.1-2.3 anc. 27 B

5.7 59r—v 151r—v Argyros, On the first projection com. 43 A
59v—60r 151v—152r | [Psellos], De duodecim ventis byz. 33 A

60r—v 152r—v prose text on the winds fill. 31 A

60v 152v three short geographical texts fill. 31 A

8 The base is a square.
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61r-78r 43r-60r Philoponos, in Ar. I — recensio 11 com. 43 A
813 |78v 60v blank blank | A
79r-110v 61r-92v Nikomachos, Ar. I-11 anc. 29 B
111r-124r 93r—-106r Philoponos, in Ar. Il — recensio 11 com. 43 A

1415 124r 106r problems A3, C; fill. 43 A
124v-125v | 106v—107v | blank blank | A
126 116 blank blank | A
127 117 blank blank | A

16 128r-131r 118r—121r | Moschopoulos, De numeris quadratis byz. 31 A
131v 121v blank blank | A
132r-136v 122r-126v | Planudes, Psephophoria byz. 31 A
137r-138v 10r—11v Rhabdas, Epistola ad Khatzycem fill. 43 A
139r-140r 12r—13r arithmetical tables fill. 63 A
140r 13r problems Cy, Ai, Az fill. 43 A

17-18 140r-143v 13r-16v [Hero], Geodaesia byz. 43 A
143v 16v magic squares 6> and 10? fill. / A
144r—v 17— Argyros, Epistola ad Kolybam fill. 43 A
144v—149r 17v-23r metrologica quaedam byz. 31 A
150r-152v 23r-25v Rhabdas, Epistola ad Tsavoukhem byz. 31 A

19 153-162 [Rhabdas, Epistola ad Tsavoukhem] byz. lost A
163r-169r 26r-32r Psellos, in Oracula Chaldaica byz. 31 A

5091 + 169r-170r 32r-33r Psellos, Summaria expositio byz. 31 A
170r-171v 32r-34v [Psellos], Opiniones de demonibus byz. 31 A
171v=179v | 34v42v [Psellos], De operatione daemonum byz. 31 A

[Cebetis tabula; Epictetos, Encheiridion (extr.); epistologra-

22-31 |180-258 phers; Synesios, De insomniis, Gregoras’ protheoria, De lost A

somniis ascribed to Moschopoulos; medical excerpts]

1933 259r-267v Ir-9v Adamantios, Physiognomonica I-11 byz. 31 A
268-274 I-1X blank blank | A
275r-282r 153r-160r | Argyros, De constr. astrolabii byz. 31 A

1435 282v—-288r 160v—164r | Argyros, Tabulae novae byz. 31 A
286287 lost A
288v—290v | 164v—166v |blank blank | A
291r-298v 167r-174v | Argyros, De cyclis byz. 31 A

36 208y 174y uée(,)Sog & Mg ,?bpicKoYtat ai 1‘<a67’ gkdotnV voxto, Ho THG il 31 A

GeEMVIG OTILOUEVOL TIG VOKTOG POl

299r 175¢ n:api Srapopdg avépmy kai &t kaboikol Gvepot tEocopés AL 3] A
glow

299r-300v 1750176y | TPO0M Vusubcstg TPOYVOOTIKOL TEPL THG pelhovong tod GEPog filL. 31 A
KOTAGTAGEDG

37 300v=301v | 176v—-177v | mopacnpeldoels Amo Tig TV dAdyav (Hmv dubéceng fill. 31 A

mePL TV €€ EKATEPOL TAV AMO THG YTig AvapePOLEVOVY
302r-303r 178r-179r | avaBopidoeny GmoteAovpéEVOV, Tiyouv vepéAng kai duppov fill. 31 A
Bpovtiic 1€ Kol dotpaniic Kol T@V GAA@Y TV TO0VTOV
303v—304v | 179v—180v | blank blank | A
Gregoras, Solutiones quaestionum; De hebdomadario; ex-

3840 1305327 Eractsg from Synesios, Ige dono, and John, Apocalypsis] lost A
328r—335r 108r—115r | Pediasimos, scholia in Cleomedem com. 43 A

41 335r—v 115r—v [Pediasimos], two astronomical texts com. 43 A
336-337 [Holobolos, In mortem; Demetrios Triklinios, Excogitatum] lost A

The quire structure of the original Vat. gr. 1411 is as in the following page.
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# 123|456 7|89 101112 |13 | 14|15 16| 17 | 18 | 19
type IV|IV|IIV|V|IV|IV|V|IV|IV|IV|IV|IV| V|[IV|IV| V |[IV|IV|V
last folio 8 | 1624 |34(42|50|60 |68 |76|84]|92|100 110 118|126 | 136 | 144 | 152 | 162
quire no. a|[Bly|o6]e|lgc | n|O]v]|w|P|w|w]|w|w|w]|mnm
prim. quire no. al|lB |y 0 B
# 20 | 21 | (22317 32 | 33 | 34 | 35 | 36 | 37 |[38-40]| 41
type v | v IV |IV|IV |1V | IV | I A%
last folio 170 | 178 | 258 | 266|274 (282|290 | 298 | 304 | 327 | 337
quire no. K | xa Kp— M| Ay | A | Ae | A | AC
prim. quire no. B Y-
BIBLIOGRAPHY
MANUSCRIPT SOURCES

In addition to those mentioned above, I collect here a list of manuscripts that contain Greek metrological (in a broad sense) and
geometric metrological texts. The witnesses to short extracts are also recorded. For details about the contents see the praefati-
ones and the prolegomena of Hero, Opera omnia IV-V; DAIN, Tradition; HEIBERG, Mathematici graeci minores; LEFORT et al.,
Géométries; SCHILBACH, Quellen (which includes extracts from printed editions, whose manuscript sources I shall not give),
and the relevant catalogues. Sigla: Arg. = Argyros, Epist. ad Kolybam; Comp. = Compendium; De mens. = De mensuris; Did. =
Didymos; Dioph. = Diophanes; fgeo. = fiscal geometry; Geod. = Geodaesia; Geom. = Geometrica; Geop. = Geoponika; gmetr.
= geometric metrology; Her. Byz. = Hero of Byzantium; Lib. geep. = Liber geeponicus; metr. = metrologica; Metr. = Hero,
Metrica; Ped. = Pediasimos, Geometria; Stereom. = Stereometrica; Tsa. = Rhabdas, Epistola ad Tsavoukhem.

Athéna, Bibliotheke t&s Boulés
32 (Diktyon 1128) metr.

Athéna, Ethnike bibliotheke tes Hellados
1369 (Diktyon 3665), fgeo. metr.
Metochion tou Panagiou Taphou 25 (Diktyon 6422),
fgeo. metr.

Berlin, Staatsbibliothek (Preufischer Kulturbesitz)
Phillipps 1547 (Diktyon 9448), De mens. Did. Geom.
metr. Stereom.
Phillipps 1548 (Diktyon 9449), Arg. Geod.
Phillipps 1555 (Diktyon 9456), Arg. Comp. Geod.
Phillipps 1565 (Diktyon 9466), Geop. Lib. geep.

Bern, Burgerbibliothek
656 (Diktyon 9573), Geod.

Bologna, Biblioteca Universitaria
1497 (Diktyon 9710), Her. Byz.

Bucuresti, Biblioteca Academiei Roméne
gr. 493 (Litzica 624; Diktyon 10566), fgeo. metr.

Cambridge, Trinity College
0.7.39 (1367; Diktyon 12012), Arg. Geod.

Cambridge, University Library
Dd.II1.86.9 (Diktyon 12151), Lib. geep.
Kk.V.11 (2053; Diktyon 12205), metr.
Kk.V.26 (2068; Diktyon 12209), Tsa.

Cologny, Bibliotheca Bodmeriana
Cod. Bodmer 8 (Diktyon 13157), De mens.

El Escorial, Real Biblioteca del Monasterio de San Lorenzo
R.II.11 (gr. 30; Diktyon 15302), fgeo. metr.
2.1.8 (gr. 68; Diktyon 15339), fgeo. metr.
T.L5 (gr. 125; Diktyon 15397), Did. Geom. metr. Stereom.
T.1.19 (gr. 139; Diktyon 15411), Her. Byz.
T.II1.13 (gr. 173; Diktyon 15445), metr.
®.1.2 (gr. 180; Diktyon 15134), metr.
@.1.10 (gr. 188; Diktyon 15142), Arg. Comp. Geod. Tsa.
®.1.16 (gr. 194; Diktyon 15148), Did.
Y.1.14 (gr. 253; Diktyon 15466), Ped.
Y .II1.14 (gr. 284; Diktyon 15497), metr.
X.1.4 (gr. 346; Diktyon 14962), Ped.
X.1.14 (gr. 356; Diktyon 14972), De mens.
Q.IV.15 (gr. 567; Diktyon 15116), Did. Geom. Stereom.

Firenze, Biblioteca Medicea Laurenziana
Antinori 101 (olim B.3.246; Diktyon 15735), metr.
Plut. 4.10 (Diktyon 15926), fgeo. metr.
Plut. 28.4 (Diktyon 16185), De mens.
Plut. 57.42 (Diktyon 16411), metr.
Plut. 58.24 (Diktyon 16443), fgeo. metr.
Plut. 74.5 (Diktyon 16660), fgeo. metr.
Plut. 74.13 (Diktyon 16668), Arg. Geom. metr.
Plut. 80.10 (Diktyon 16717), metr.

Firenze, Biblioteca Nazionale Centrale
Fondo Nazionale IL.II1.36 (olim Magliabechi; Diktyon
16945), Did. Geom. Stereom.
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Fondo Nazionale XI1.27 (olim Magliabechi; Diktyon
16986), Ped.

Firenze, Biblioteca Riccardiana
37 (olim K.11.31; Diktyon 17037)
42 (olim K.11.3; Diktyon 17042), Did. Geom. Stereom.

Grottaferrata, Biblioteca Statale del Monumento Nazionale
Z.0.XXX (Diktyon 17976), metr.

Hagion Horos, Mong Dionysiou
324 (Lambros 3858; Diktyon 20292), metr.

Hagion Horos, Mong Ibéron
182 (Lambros 4302; Diktyon 23779), metr.
286 (Lambros 4406; Diktyon 23883), fgeo. metr.

Istanbul, Topkap1 Saray1 Miizesi Kiitiiphanesi
G.1.1 (Diktyon 33946). Did. Dioph. Geom. Metr. Stereom.
G.1.9 (Diktyon 33954), Geop.
G.1.19 (Diktyon 33965), Comp. Geod.

Kabenhavn, Det Kongelige Bibliotek
Fabr. 93 4° (Diktyon 37124), Arg.
GKS 1799 4° (Diktyon 37178), Arg. Geod.
GKS 2140 4° (Diktyon 37209), De mens.

Leiden, Universiteitsbibliotheek
Gro. 114 (Diktyon 37803), Did.
Scal. 12 (Diktyon 37975), Did. Geom. Stereom.
Voss. gr. F° 75 (Diktyon 38085), Her. Byz.
Voss. gr. F° 76 (Diktyon 38086), De mens. Geom.
Voss. gr. O° 17 (Diktyon 38104), Did.
Voss. gr. Q° 18 (Diktyon 38125), De mens. Geom.
Voss. gr. Q° 44 (Diktyon 38151), Geom.
Misc. 4 (Diktyon 38191), Psellos

London, British Library
Arundel 516 (Diktyon 39267), fgeo. metr.
Burney 124 (Diktyon 39383), Geod. Geom. Geop.
Her. Byz. Lib. geep. Ped. Stereom.
Harley 5604 (Diktyon 39563), Geop. Lib. geep.
Add. 15276 (Diktyon 38906), Her. Byz.
Add. 37008 (Diktyon 39149), metr.

Madrid, Biblioteca nacional de Espafia
4620 (gr. 77; Diktyon 40100), metr.
4622 (gr. 79; Diktyon 40102), metr.
4629 (gr. 86; Diktyon 40109), metr.

Milano, Biblioteca Ambrosiana
A 92 sup. (gr. 23; Diktyon 42205)
A 162 sup. (gr. 58; Diktyon 42248), metr.
B 126 sup. (gr. 140; Diktyon 42363), metr.
E 81 sup. (gr. 295; Diktyon 42704), metr.
F 1 sup. (gr. 321; Diktyon 42732), metr.
F 23 sup. (gr. 331; Diktyon 42742), metr.
G 60 sup. (gr. 402; Diktyon 42820), metr.
1112 sup. (gr. 469; Diktyon 42925), metr.
M 34 sup. (gr. 509; Diktyon 42983), Arg. Geod.
N 289 sup. (gr. 581; Diktyon 43057), De mens.

R 20 sup. (gr. 707; Diktyon 43184), metr.

C 266 inf. (gr. 906; Diktyon 42505), Geom.

D 316 inf. (gr. 964; Diktyon 42624), Did. Geom. Stereom.
D 338 inf. (gr. 967; Diktyon 42627)

H 2 inf. (gr. 1030; Diktyon 42845), metr.

Modena, Biblioteca Estense Universitaria
0.U.9.4 (Puntoni 61; Diktyon 43471), metr.
o.T.8.3 (Puntoni 100; Diktyon 43414), Geom. Stereom.
o.P.5.17 (Puntoni 115; Diktyon 43357), metr.
a.S.5.7 (Puntoni 124; Diktyon 43397), metr.

Miinchen, Bayerische Staatsbibliothek
Cod. graec. 29 (Diktyon 44472), Geod.
Cod. graec. 69 (Diktyon 44513), metr.
Cod. graec. 100 (Diktyon 44544), Arg. Comp. Tsa.
Cod. graec. 104 (Diktyon 44548), metr.
Cod. graec. 165 (Diktyon 44611), Did. Geom. Stereom.
Cod. graec. 269 (Diktyon 44716), Geom. Ped.
Cod. graec. 287 (Diktyon 44734), Geom.
Cod. graec. 298 (Diktyon 44745), metr.
Cod. graec. 300 (Diktyon 44747), Geom. Ped.
Cod. graec. 418 (Diktyon 44866), Ped.
Cod. graec. 431 (Diktyon 44879), Ped.
Cod. graec. 578 (Diktyon 45026), Ped.

Napoli, Biblioteca Nazionale Centrale “Vittorio Emanuele 11"
1L.A.12 (Diktyon 45990), metr.
11.C.33 (Diktyon 46079), Geom.
HI.C.11 (Diktyon 46287), Geom. Stereom.
1I1.D.25 (Diktyon 46330), Geop. Lib. geep.
11.D.26 (Diktyon 46331), metr.

Napoli, Biblioteca statale oratoriana dei Girolamini
C.F. 2.11 (olim XXI1.1; Diktyon 45944)

New York, Columbia University Library, Rare Book and
Manuscript Library
Plimpton MS Add. 06 (Diktyon 46607), Geom.

Oxford, Bodleian Library
Auct. F.3.18 (Misc. 92; Diktyon 47078), Lib. geep.
Auct. F.4.10 (Misc. 109; Diktyon 47095), Her. Byz.
Auct. T.1.22 (Misc. 200; Diktyon 47148), Comp.
Auct. T.3.8 (Misc. 225; Diktyon 47173), Ped.
Auct. T.5.16 (Misc. 278; Diktyon 47224), Did.
Barocci 70 (Diktyon 47357), Arg. Geod.
Barocci 76 (Diktyon 47363), metr. Psellos
Barocci 111 (Diktyon 47398), Arg. Geod.
Barocci 161 (Diktyon 47448), Arg. Geom.
Barocci 169 (Diktyon 47456), Her. Byz. Ped.
Barocci 173 (Diktyon 47460), fgeo. metr.
Cherry 37 (Diktyon 47754), Arg. Geod.
Cromwell 12 (Diktyon 47802), Arg. Geod.
D’Orville 69 (olim X.1.3.10; Diktyon 47833), Geom.
Holkham gr. 106 (Diktyon 48174), Geod.
Holkham gr. 110 (Diktyon 48178), Geod.
Holkham gr. 112 (Diktyon 48180), metr.
Selden Supra 17 (Diktyon 48462), Geom.
Arch. Selden B 39 (Diktyon 46947), Geom.
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Oxford, Magdalen College

gr. 12 (Diktyon 48705), Ped.

Oxford, St. John’s College

191 (Diktyon 48799), Geod. Lib. geep.

Paris, Bibliothéque nationale de France

Coislin 158 (Diktyon 49297), Arg. Geod.
Coislin 168 (Diktyon 49307), metr.

grec 854 (Diktyon 50441), metr.

grec 1043 (Diktyon 50636), fgeo. metr.
grec 1140A (Diktyon 50741), metr.

grec 1331 (Diktyon 50940), metr.

grec 1339 (Diktyon 50948), metr.

grec 1347 (Diktyon 50956), fgeo. metr.
grec 1351 (Diktyon 50960), metr.

grec 1355 (Diktyon 50964), fgeo. metr.
grec 1630 (Diktyon 51252), metr.

grec 1631A (Diktyon 51254), metr.

grec 1642 (Diktyon 51265), De mens.
grec 1670 (Diktyon 51293), Geom. metr.
grec 1749 (Diktyon 51375), Geom.

grec 1883 (Diktyon 51509), metr.

grec 1928 (Diktyon 51555)

grec 2013 (Diktyon 51640), Arg. De mens. fgeo. Ge-

om. Geod. metr.
grec 2145 (Diktyon 51774), metr.
grec 2149 (Diktyon 51778), metr.
grec 2238 (Diktyon 51867), metr.
grec 2245 (Diktyon 51874), metr.
grec 2256 (Diktyon 51886), metr.
grec 2294 (Diktyon 51924), metr.
grec 2327 (Diktyon 51958), metr.
grec 2328 (Diktyon 51959), Geom.
grec 2361 (Diktyon 51993), De mens.
grec 2371 (Diktyon 52003), Geom.
grec 2373 (Diktyon 52005), Ped.
grec 2381 (Diktyon 52013), Ped.
grec 2407 (Diktyon 52039), Ped.
grec 2419 (Diktyon 52051), Arg. fgeo. George metr.
grec 2425 (Diktyon 52057)
grec 2428 (Diktyon 52060), Arg. Comp. Geod. Tsa.
grec 2438 (Diktyon 52070), Lib. geep.
grec 2448 (Diktyon 52080), Dioph. Geom. Stereom.
grec 2474 (Diktyon 521006), Lib. geep.
grec 2475 (Diktyon 52107), Did. Geom. Stereom.
grec 2496 (Diktyon 52028), Ped.
grec 2509 (Diktyon 52141), Geod.
grec 2510 (Diktyon 52142), metr.
grec 2535 (Diktyon 52167), Geom.
grec 2622 (Diktyon 52257), metr.
grec 2649 (Diktyon 52284), Geom.
grec 2665 (Diktyon 52301), metr.
grec 2671 (Diktyon 52307), metr.
grec 2726 (Diktyon 52361), metr.
grec 2762 (Diktyon 52398), Geom.
grec 2992 (Diktyon 52635), metr.
suppl. gr. 20 (Diktyon 52791), Geom.
suppl. gr. 292 (Diktyon 53052), metr.

suppl. gr. 387 (Diktyon 53135), Did. Geom. gmetr.

metr. Stereom.
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suppl. gr. 452 (Diktyon 53194), Geop. Lib. geep.
suppl. gr. 494 (Diktyon 53238), metr.
suppl. gr. 535 (Diktyon 53273), Arg. Geod.
suppl. gr. 541 (Diktyon 53279), Arg. Geod.
suppl. gr. 652 (Diktyon 53387), Arg.
suppl. gr. 676 (Diktyon 53411), fgeo. metr.
suppl. gr. 682 (Diktyon 53417), Geom.
suppl. gr. 817 (Diktyon 53518), Her. Byz.
suppl. gr. 819 (Diktyon 53520), Did.

suppl. gr. 837 (Diktyon 53535), metr.
suppl. gr. 1090 (Diktyon 53754), metr.
suppl. gr. 1190 (Diktyon 53868), metr.
suppl. gr. 1289 (Diktyon 53953), Did.

Patmos, Mong tou Hagiou I6annou tou Theologou
205 (Diktyon 54449), metr.

Roma, Biblioteca Casanatense
1524 (olim G.IV.03; Diktyon 56089), Geom.

Roma, Biblioteca Nazionale Centrale “Vittorio Emanuele 11"’
gr. 22 (Diktyon 56146), Geod. Geom.

Salamanca, Biblioteca Universitaria
560 (Diktyon 56484), Geop.
2737 (Diktyon 56521), metr.

Toledo, Archivio y Biblioteca Capitular
96.37 (Diktyon 63499), Arg.

Torino, Biblioteca Nazionale Universitaria
C.V1.21 (Pasini 238; Diktyon 63907), Geom.

Tyrnabos, Démotiké Bibliotheke
31 (Diktyon 64380), metr.

Uppsala, Universitetsbibliotek
gr. 46 (Diktyon 64459), Ped.
gr. 51 (Diktyon 64464), Did. Geom. Stereom.
gr. 53 (Diktyon 64466), Ped.
gr. 54 (Diktyon 64467), Ped. (?)

Vatican City, Biblioteca Apostolica Vaticana
Barb. gr. 129 (Diktyon 64677), Did. Geom. Stereom.
Barb. gr. 212 (Diktyon 64758), metr.
Barb. gr. 260 (Diktyon 64806), Arg. Geod.
Barb. gr. 267 (Diktyon 64813), Her. Byz.
Ott. gr. 15 (Diktyon 65256), fgeo. metr.
Ott. gr. 64 (Diktyon 65305), fgeo. metr.
Ott. gr. 243 (Diktyon 65486), fgeo. metr.
Pal. gr. 8 (Diktyon 65741), fgeo. metr.
Pal. gr. 13 (Diktyon 65746), fgeo. metr.
Pal. gr. 62 (Diktyon 65795), Arg. Geod. Ped.
Pal. gr. 249 (Diktyon 65981), fgeo. metr.
Pal. gr. 296 (Diktyon 66028), metr.
Pal. gr. 367 (Diktyon 66099), fgeo. metr.
Ross. 897 (Diktyon 66441), Did. Geom. Stereom.
Ross. 927 (Diktyon 66442), Geop. Lib. geep.
Ross. 986 (Diktyon 66453), Arg. Comp. Geod. Tsa.
Urb. gr. 150 (Diktyon 66617), gmetr.
Urb. gr. 151 (Diktyon 66618), metr.
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Vat. gr. 193 (Diktyon 66824), Arg.

Vat. gr. 210 (Diktyon 66841)

Vat. gr. 215 (Diktyon 66846), Geop. Lib. geep.
Vat. gr. 274 (Diktyon 66905), Ped.

Vat. gr. 282 (Diktyon 66913), metr.

Vat. gr. 298 (Diktyon 66929), metr.

Vat. gr. 299 (Diktyon 66930), metr.

Vat. gr. 307 (Diktyon 66938), metr.

Vat. gr. 341 (Diktyon 66972), metr.

Vat. gr. 381 (Diktyon 67012), metr.

Vat. gr. 435 (Diktyon 67066), metr.

Vat. gr. 573 (Diktyon 67204), metr.

Vat. gr. 753 (Diktyon 67384), metr.

Vat. gr. 790 (Diktyon 67421), metr.

Vat. gr. 852 (Diktyon 67483), metr.

Vat. gr. 854 (Diktyon 67485), fgeo. metr.
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Vat. lat. 3122

- =+

Venezia, Biblioteca Nazionale Marciana
gr. Z. 173 (coll. 476; Diktyon 69644), fgeo. metr.
gr. Z. 174 (coll. 477; Diktyon 69645), fgeo. metr.

gr. Z. 175 (coll. 575; Diktyon 69646), fgeo. metr.
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gr. Z. 305 (coll. 732; Diktyon 69776), De mens.

gr. Z. 320 (coll. 638; Diktyon 69791), metr.

gr. Z. 323 (coll. 639; Diktyon 69794), Arg. Geod. Ped.

gr. Z. 329 (coll. 734; Diktyon 69800)

gr. Z. 336 (coll. 646; Diktyon 69807), Arg. fgeo. Geom.
metr.

gr. Z. 480 (coll. 589; Diktyon 69951), metr.

gr. Z. 498 (coll. 432; Diktyon 69969), metr.

gr. Z. 506 (coll. 768; Diktyon 69977), De mens.

gr. Z. 507 (coll. 293; Diktyon 69978), metr.

gr. Z. 525 (coll. 775; Diktyon 69996), Geod.

gr. Z. 595 (coll. 806; Diktyon 70066), Geom. metr.

gr. Z. 598 (coll. 909; Diktyon 70669), metr.

gr. I11.12 (coll. 1267; Diktyon 70380), metr.

gr. IV.28 (coll. 543; Diktyon 70412), metr.

gr. X.25 (coll. 1413; Diktyon 70619), metr.

gr. XL.5 (coll. 1254; Diktyon 70641), metr.

gr. X1.25 (coll. 1395; Diktyon 70661), metr.

gr. XI.30c (coll. 975,1; Diktyon 70668), fgeo. metr.

gr. XI.30f (coll. 976,3; Diktyon 70671), Ped.

Wien, Osterreichische Nationalbibliothek

jur. gr. 1 (Diktyon 71008), fgeo. metr.
jur. gr. 2 (Diktyon 71009), fgeo. metr.

jur. gr. 3 (Diktyon 71010), metr.

jur. gr. 6 (Diktyon 71013), metr.

jur. gr. 10 (Diktyon 71017), fgeo. metr.
med. gr. 27 (Diktyon 71052), metr.

phil. gr. 65 (Diktyon 71179), gmetr. metr.
phil. gr. 179 (Diktyon 71293), Geom. metr.
phil. gr. 225 (Diktyon 71339), Geom.
phil. gr. 309 (Diktyon 71423), Geom. Ped.
suppl. gr. 27 (Diktyon 71489), fgeo. metr.

Wolfenbiittel, Herzog August Bibliothek

Gud. gr. 6 (Diktyon 72050), Arg. Geod.
Gud. gr. 8 (Diktyon 72052), Ped.

Zaborda, Mong tou Hagiou Nikanoros

121 (Diktyon 72403), fgeo. metr.
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