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Abstract: The aim of the contribution is to present the factual data about the main
collections of scholia to the Greek mathematical treatises (Elements, Almagest, the
so-called “little astronomy”), along with an analysis of their types, function, and
organization within the textual space of the ancient codex. On the basis of these
factual data, an assessment is provided of the extent to which these collections
may provide a clear-cut answer to the long-standing problem of the origins of the
running commentaries that some medieval manuscripts present as sets of scholia.
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The collections of scholia to the Greek mathematical treatises provide us with
important pieces of information about the interpretive toil and complexity
embodied by an annotated text. They can give useful indications on the history of
the main text, or contain results or proofs to which we otherwise have no access.
They may simply be the outcome of specific annotations of an attentive reader
(who may jot down the results used in a proof, add titles, or redact synopses),
of the copyist (who can compare divergent versions of what he is transcribing),
or of a reviser (who can add lemmas’, explanatory passages, indices). They can
amount to a running commentary accompanying a new edition of the annotated
text, or result from the dismemberment of a commentary originally organized as a

1 In what follows, the term “lemma” will only be used in its mathematical meaning: an auxiliary
proposition. In its turn, the term “proposition” will designate a self-contained mathematical ar-
gument, namely, an “enunciation” followed by a “proof”; the latter makes reference to a geomet-
ric configuration set up in a “construction” and represented by a “diagram”; the geometric enti-
ties occurring in the configuration are identified by “denotative letters”. Species of a proposition
are the “theorem” (proving a property of an assigned object) and the “problem” (showing how
to construct an object according to specific constraints). The term “commentary” will generically
denote an exegetic text, whether in the form of a cOyypapypa or of a Vdpvnua.
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connected body of text. They can be located in the margins of (any material sub-
stratum containing) their reference text, precede it as an introduction of sorts, or
make up a seemingly self-contained discursive macro-unit disconnected from the
text, eventually resulting in a fictitious recomposition of a formerly dismembered
body of writing. Finally, scholia often interfere with their reference text, giving
rise to textual quirks ranging from easy-to-detect interpolations to argumentative
loopholes that may baffle interpreters for centuries.

The present contribution has a specific and a strategic aim. The specific aim
is to present the main factual data about the extant collections of scholia to the
Greek mathematical treatises, along with an analysis of their types, function, and
organization within the textual space of the ancient codex. The strategic aim is to
discuss, on the basis of these factual data, the extent to which these collections
may provide a clear-cut answer to the long-standing problem of the origins of the
running commentaries that some medieval manuscripts present as sets of scholia.

1 Atypology of mathematical scholia

All (mathematical) scholia share some basic features: their mutual disconnect-
edness, their metatextual character, their paratextual position. Several catego-
rizations can be used to differentiate them: their script (whether majuscule or
minuscule), date of composition, date of transcription (whether first or later hand
in a given manuscript), origin (whether as extracts from other writings or not),
form (length, shape, set-up, type of argument), content (technical, historical,
textual), location with respect to the main text (liminar, marginal, interlinear).

On the basis of some of these criteria, I offer in the following list a typology of the

scholia to Greek mathematical texts that seems to me to capture the main species

of this literary sub-genre.

e Liminar scholia: connected, non-marginal series of annotations placed
immediately before the beginning of a treatise and normally discussing its
principles and its deductive structure.

e Comment scholia: unconnected, marginal annotations containing a full-
fledged argument aimed at completing, correcting, or supplementing a spe-
cific locus (ranging from a word to an entire proposition) of the main text.

e mapaypagai: very short, non-argumented marginal annotations explain-
ing a mathematical passage either by an operative indication (for example,
“because a tangent cuts a circle at only one point”), or, much more frequently,
by a reference to a canonical text (Elementa, Data, Conica ...) such as 81& 10 1y’
10D Y 1@V oTotyeiwv: number of proposition, book, treatise.
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e Diagrammatic scholia: marginal annotations in the form of diagrams not
accompanied by a discursive explanation.

e Schematic scholia: small text cells organized hierarchically as a flow diagram
and offering a summary of the main text, or providing supplementary infor-
mation.

e Tabular scholia: marginal annotations in the form of numerical tables or of
calculations arranged in a tabular set-up.

e Interlinear scholia: (short) interlinear annotations clarifying specific lexical
or mathematical points.

Mathematical scholia may be linked with the related text by suitable marks, but
in this contribution I will not deal with the issue.

2 The main scholiastic corpora:
Elements, Almagest, the “little astronomy”

2.1 Elements

The Danish scholar J. L. Heiberg, the philologist to whom we owe so many edi-
tions of Greek mathematical works, published over 1450 scholia to the Elementa
(henceforth EL.): about 1380 in his critical edition of the Euclidean treatise?, about
50 in a dedicated study (1888), and finally 33, contained in Escorial. ®.IIL.5% in
the Paralipomena to his edition (1903, 338-344). The main results obtained by
analysing this huge corpus can be summarized as follows*.

Well-organized introductions to El are extant in the form of liminar scholia.
As mentioned above, they focus on the principles (definitions and assump-
tions) or on the deductive structure of the subsequent books. A very long (and
incomplete at its beginning) liminar scholium to El. is contained in Vat. gr. 190
(ff. 3r-13v), the oldest witness of the treatise (IX™ century in.)’: it begins with an
overview of all definitions of book 1, followed by extracts from Proclus’ commen-
tary thereon. It appears that this “introduction” was allotted a preassigned space,

2 Euclidis Elementa 5.1-2, whose numbering by book.scholium I will follow, preceded by sch.

3 Assigned by Heiberg to the XI* century but in fact written in an imitative script dating to the
XIII* century p. m. (Pérez Martin 2009, 67-68).

4 See Heiberg 1888 and Vitrac 2003, whose factual data I have checked and completed.

5 Edited at Euclidis Elementa 5.1.39.1-69.17.
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maybe a number of blank folios: the length of the extracts from Proclus greatly
increases towards the end, as if the copyist had made a wrong estimation of the
space at his disposal (Vitrac 2003, 282).

A liminar scholium of €ig T& Tob EVkAei8ov otoyeia mpohappavopeva €k v
TIpokAov amopadny kal kat’ émetopny is located at ff. 1r-13r of Paris. gr. 2344 (X1I®
century); this long cento of extracts from Proclus’ commentary can also be found®,
with minor variants, in the XV®-century Vat. gr. 193 (ff. 1r-3v, title émiypappa
eig v EvkAeibov yewpetpiav, since it is preceded by an epigram treated as a
scholium’) and in Bon. A 18 (ff. 35r-44v, where it precedes EL as mpooipia Tfig
vewpetpiag)®, and as section 136 of the pseudo-Heronian Definitiones in Paris.
suppl. gr. 387 (ff. 84r-93v)°. Another introductory compilation, embodying the
preceding one, is at ff. 1r-5v of Paris. gr. 2345 (XIII™ century p. m.). A schematic
synopsis of EL 10 can be found manu Arethae in Bodl. Dorv. 301 (dated Septem-
ber 888), entitled Siaipeatg Tob dekdtov TV EvkAeidov atotyeiwv (ff. 2r-3v)*°, in
Paris. gr. 2344 (ff. 174v-175v), and in its XV"-century copy Magl. X1 53, ff. 22v-25r.

Non-liminar, non-marginal collections of annotations to El can be found in
the following manuscripts:

1) Vindob. phil. gr. 31, ff. 283r-292v, where they follow EL (ff. 1r-254r), Optica A

(ff. 254v-271v) and Phaenomena a (ff. 272r-282v)*: 65 scholia to books 10-13,

from sch. 10.2 to 13.44.

6 The same collection can also be found in the following manuscripts, which depend on Paris.
gr. 2344: Bodl. Auct. T.1.22 (XVI® century), ff. 8v—17v, Leid. B.P.G. 7 (1504-1505), ff. 439r-452v,
Magl. X153, ff. 1-22r, Paris. gr. 2345, ff. 2v—3v, Paris. gr. 2350 (XVI™ century), ff. 97r-106v, Paris. gr.
2353 (XVI™ century), ff. 16r-20r, Vat. Urbin. gr. 71 (XVI™ century), a codex of 50 folios that begins
with our text but in fact is entirely made of extracts from Proclus’ commentary on El. 1.

7 The epigram (edited in Euclidis Elementa 5.2.XX) is also attested, again at the end of the so-
called “book 15” of EL, at f. 397v of Bodl. Dorv. 301, after the subscription of the copyist Stephanus
and Arethas’ possession note, and in Vindob. phil. gr. 31 (XII*" century), f. 254r, Laur. Plut. 28.2
(XIII*—XIV®" century), f. 3191, Laur. Plut. 28.3 (a copy of the subsequent manuscript in this part,
but originally manu Ephrem ca. 950-960), f. 189r, Laur. Plut. 28.6 (XIII"-XIV® century), f. 298r.
8 What precedes at ff. 1r-34v in the Bologna manuscript (XI* century) is a list of all the principles
and enunciations of El. and Data (about 600 items), often presenting major variants with respect
to the same textual units as we read them in the sequel of the manuscript. An excerptum like this
of the “mathematical content” of a treatise has no parallels in other Greek mathematical manu-
scripts; it has never been studied.

9 Def. 136 is edited in Heronis opera omnia 4.108.10-156.5, with further variants recorded ibid.
5.XV-XVIII. Paris. suppl. gr. 387 is assigned to the beginning of the XIV* century.

10 A further schematic scholium at f. 4r is edited in Euclidis Elementa 5.2.335.6-22. The synopsis
itself is edited, on the basis of Paris. gr. 2344 alone, ibid. 5.2.87-90.

11 This manuscript is the prototype of the recensions of Optica and Phaenomena traditionally
noted by letters A and a.



DE GRUYTER The scholia to the Greek mathematical treatises =—— 119

2) Paris. gr. 2344, ff. 358r-366v, where they follow EL (ff. 17r-357v): 17 scholia
on the first third of book 10, mainly extracted from the scholia vindobonensia
(see infra).

3) Vat. gr. 192 (XIII™ century), ff. 114v-124v, where they follow EL (ff. 3r-94v),
Data (ff. 95r-112r) and Marinus in Data (ff. 112v-1141): the first scholium is sch.
1.88, related to EI. 1.23, the last is sch. 13.44.

4) Vat. gr. 202 (XIII™ century ex.), ff. 381v—398r, where they follow the “little
astronomy” (ff. 1r-305r; see section 2.3 infra), Data (ff. 305r—372r) and Marinus
in Data (ff. 372v-381r): the first scholium is sch. 1.88, related to EI. 1.23, the
last is sch. 7.40 (this manuscript does not contain EL).

5) Vat. gr. 204 (IX™ century in.), ff. 199r-206v: annotations ranging from sch.
1.88 to 10.352 (the collection is incomplete both ways since the last scholium
ends abruptly, in the middle of a sentence, with the last line of the page;
this manuscript does not contain EL); title by the first hand oyoAwa €ig Ta
EvkAeiBou atoiyeia BBAiov a.

The scholia in 5) can also be found, written in the margins by the main copyists,
in Vat. gr. 190, in Arethas’ Dorvillianus, partly in Laur. Plut. 28.3, in collections
3)-4) and, only for those related to book 10, in collection 1). The same pattern
of coincidence can be recorded, as far as the stereometric books 11-13 are con-
cerned, between collections 1), 3) and the first-hand scholia in Vat. gr. 190 and
in the Dorvillianus. Collection 5) of Vat. gr. 204 is thus the common kernel of the
constellation of scholia assembled in 1), 3), 4) and in the margins of the oldest
three manuscripts of EL: 138 annotations in all*?>. Heiberg concluded that these
are the remains of a very old scholiastic corpus, mutilated at its beginning, which
he called scholia vaticana.

Heiberg quite naturally surmised that the scholia vaticana are the result of the
dismemberment of Late Antiquity commentaries. He first noted that the thirteen
scholia vaticana related to EL 1 are well-conceived extracts from the commentary
of Proclus (117 April, 485), presenting a better text than the one provided by the
direct tradition, and that the other scholia deal with similar themes: assump-
tions, aim of a proposition, textual issues, lemmas, converse proofs. He was in
a position to add to Proclus in El 1 the commentary of Pappus in El. 10, today
available in a (heavily) revised Arabic translation®, but in the times of Heiberg
only by the intermediation of an article written by F. Woepcke in 1856. Heiberg

12 They are listed at Heiberg 1888, 233-234. Distribution of the scholia among the books of EL: 1:
13;2:9; 3:11; 4: 3; 5: 9; 6: 2; 7: 9; 8: 1; 9: 3; 10: 40; 11: 24; 12: 10; 13: 4.
13 The edition of the Arabic text is in Junge/Thomson 1930.
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assumed that the scholia which are not immediately identifiable as extracts from
these two texts (for instance, those to books 2-9) must be assigned either to a lost
commentary by Pappus on the whole of EL™, or to the alleged sequel of Proclus’
in EL. 1*°. Heiberg decidedly favored the first alternative.

We must pause and recall why this conclusion was held by Heiberg to be of
strategic significance. The main philological point of his edition of EL is that,
contrary to all other manuscripts, Vat. gr. 190 contains a text not contaminated
by the recension made by Theon of Alexandria in about the middle of the IV
century'® — and what is more, that the recension of the Vatican manuscript is not
simply non-Theonine, but even pre-Theonine. Since Pappus precedes Theon by
one generation, by definition he had access to a pre-Theonine text: by connecting
the scholia vaticana with Pappus’ commentary, Heiberg tried to corroborate his
main result on the textual history of El. He noted to this effect that some scholia
vaticana duplicate lemmas now contained in the main text of ElL, both in Vat. gr.
190 and in the “Theonine” manuscripts: as a consequence, the lemmas at issue
are spurious, and Heiberg maintained that both “authentic” scholia and spuri-
ous lemmas derive from Pappus’ commentary. The problem with Heiberg’s argu-
ment is that his analysis is conducted on the basis of what he knew of Pappus’
commentary on El. 10 — namely, the extracts translated in Woepcke’ article. Now,
what is true (Vitrac 2003, 290-292), is that of the 481 scholia to EL 10, only 17
incontrovertibly depend on Pappus’ commentary, of which only 7 are scholia vati-
cana (and, among them, sch. 10.1 mentions Theon). None of the lemmas interpo-
lated in EL 10 is contained in Pappus’ commentary in the form we read it. Further-
more, sch. (vaticanum) 10.352 summarizes the partition into hexads of El. 10.36-72
in a way that conforms with the transmitted text of El., whereas sch. 10.340, by the
first hand of Vat. gr. 190, and Pappus in his commentary, permute the hexads El.

14 The existence of Pappus’ commentary can only be inferred: Proclus cites him three times in
his own commentary on EL 1 (in Eucl. 189.11-191.4, 197.6-198.15, 249.20-250.19 Friedlein); Euto-
cius (Archimedis opera omnia 3.28.19-22) mentions a supplement to EL 12.1 that Pappus gave in
his Umépvnpa TV otoyeiwv (how to inscribe in a given circle a polygon similar to a polygon
inscribed in another circle), a result whose proof we read as sch. (vaticanum) 12.2; a scholium to
Data establishes a relation between the extensions of the notions of “given” and of “expressible”
in the same way as done by Marinus in Data and by the redactor of Def. 136.35, but ascribes the
idea to Pappus év &pyfi ToU €ig 10 ' Tod EvkAeidov (Euclidis opera omnia 6.262.1-7). In Pappus’
commentary on El. 10 nothing on this issue can be found.

15 Proclus formulates this intent at in Eucl. 272.14-16 (how to divide a given angle into three or
more equal parts: to be treated in book 3) and 398.18-19 (isoperimetric results, mpenwdéotepa
Taig voBéaeoat of book 2) Friedlein.

16 The ascription is contained in the inscriptions of any book of El. in the relevant manuscripts.
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10.60-65 and EL. 10.66-70. This shows that Heiberg’s assumptions about the role
of Pappus’ commentary is no longer supported by the available evidence.

This notwithstanding, Heiberg’s bias towards Pappus is by and large harm-
less; all that is needed is to refocus his argument in order to tighten it up. First,
we definitely read Pappus’ commentary on EIL. 10 in a heavily reworked transla-
tion; in particular, the first of the two books into which it is subdivided displays a
(pseudo-)philosophical attitude carrying a decided Neoplatonic tinge (and con-
sisting in fact of a series of Platonic commonplaces) that we read nowhere else
in Pappus, and presents a number of technical notions that squarely contradict
those expounded in the second book: the two books cannot possibly have been
written by the same author, and the first book alone gives the clear impression
of being a second-hand patchwork. Moreover, the technical core of the commen-
tary — namely, the second book — has the structure of a cUyypoppa, in which all
the material of El. 10 (117 propositions!) is reshaped and read in a unitary exegetic
perspective. It comes as no surprise, then, that none of the lemmas interpolated
in EL 10 is contained within it. In other words, we should have expected a dif-
ferent literary form from a “real” vmépvnua on EL 10: a desultory collection of
lemmas, alternative proofs, corrections, supplements, very much like those we
read when Pappus himself, in Coll. 6 and 7, presents a huge amount of exegetic
material related to the “little astronomy™ and to the analytic corpus. This simply
means that if Pappus really wrote a stricto sensu commentary on El 10, we no
longer have access to it. Third, it cannot be taken for granted that (with absolute
certainty) Proclus and (possibly) Pappus were the only sources of the scholia vati-
cana. We know of many scholars who wrote exegetica ad El., among whom Apol-
lonius, Diodorus, Posidonius, Geminus, Menelaus, Hero, Ptolemy, Porphyry, and
for one of them (Hero) there is positive evidence that arguments taken from his
commentary have found their way into the scholiastic apparatus of El. (Heiberg
1903, 57-59)*8.

These remarks show that finding scholarly sources of the scholia vaticana
is by no means problematic. I will now argue that Heiberg’s proposal about the
origin of this collection and of the residual scholia written by the main copyist
of Vat. gr. 190 — namely, that they were composed within the circle of Isidorus of
Miletus (early VI* century) - is highly plausible.

a) A first point pertains to “kodikologische Stemmatik”: the scholia vaticana are
written by the hand of the main copyist of the relevant manuscripts and often

17 The inconsistencies go as far as describing the structure of El. 10 by means of incompatible
orderings of its propositions.
18 But often through Proclus’ commentary: Acerbi/Vitrac 2014, Introduction générale, section 2.2.
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b)

c)

marked out by a suitable Auszeichnungsmajuskel™. This feature strongly sug-
gests that all these manuscripts simply reproduce the layout of their models;
therefore, these models already contained the scholia vaticana.

A second, and major, point, pertains to “mere” stemmatics, and is the gist of
Heiberg’s philological argument: the scholia vaticana are contained in inde-
pendent witnesses, dating to the (early) IX" or X century, of each of the two
textual families of El., and the early IX"-century Vat. gr. 204 presents these
same scholia as a non-marginal, unitary collection®®. The former feature
strongly suggests that the scholia vaticana in their present form were con-
tained at least in the hyparchetypes of the two main branches of the tradition
of El., and not simply in the models of their best representatives. In turn, the
resumption of the scholia in Vat. gr. 204 can only be explained by postulating
some scholarly (or even authorial?) work on at least one such hyparchetype
or on one of its ancestors*. Now, the two textual families of EL. do not simply
differ by normal variants of copy: they contain two different recensions of
the Euclidean text, one of them certainly to be assigned, as seen above, to
Theon of Alexandria. It is then quite natural to surmise that the scholia vati-
cana were attached to the said hyparchetypes within scholarly circles that
had access to, and control over, both traditions.

In order to identify such circles one must make do with the scanty informa-
tion about centers of strong scientific interest in Late Antiquity or in the early
Byzantine period. By far the best candidate is precisely Isidorus of Miletus’
school?, to which we almost certainly owe the layout of EL in fifteen books
that the whole tradition has handed down to us. This layout makes up the
original thirteen books of El. followed by the so-called “book 14”, a short tract
on the comparison between dodecahedron and icosahedron written by Hypsi-
cles during the II" century BCE, and by the so-called “book 15, a three-piece
cento dealing again with properties of the regular solids, and in particular
with the determination of “the angle of inclination of the faces containing

19 This happens in Bodl. Dorv. 301 and in Laur. Plut. 28.3. Vat. gr. 190 has no scholia in majus-
cule script.

20 Vat. gr. 190 and Vat. gr 204 are simply among the earliest known manuscripts in minuscule.
21 Collections 3) and 4) above, contained in manuscripts of the XIII" century, are very likely the
result of collations carried out in the medieval period.

22 Anthemius of Tralles and Isidorus were the architects entrusted by Justinian with reconstruct-
ing Hagia Sophia in 532 (Procopius, De aedif. 1.1.24; but note that a nephew of our Isidorus bore
the same name and was an architect: see, e.g., ibid. 2.8.25). Anthemius wrote a tract dealing with
burning mirrors, a fragment of which has been handed down to us by the first bifolium of Vat.
gr. 218 (early X™ century).
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any one of the five aegular figures”. The redactor of this portion of the text*
expressly assigns the authorship of it to Isidorus; the redactor was a pupil
of Isidorus himself, who is qualified by the term 8i18dokalog**. The school of
Isidorus in Constantinople was also the reference circle of Eutocius (for whom
see sections 2.2 and 3 below), a Neoplatonic philosopher with a strong math-
ematical bent based in Alexandria, who sent each book of his commentary on
Apollonius’ Conica 1-4 to Anthemius of Tralles*, and whose commentaries on
some treatises by Archimedes were collected, proofread, and edited exactly by
Isidorus and his school®®. An interpolated passage in Eutocius’ commentary
on Archimedes’ Sph. cyl. 1 asserts that Isidorus invented a parabolic compass
and that he provided a description of it in a (lost) commentary on Hero of
Alexandria’s Vaults® . In contrast, we do not know of any interest in EL of the
Neoplatonic school of Alexandria, whereas the same school was involved in
a series of scholarly activities concerning Apollonian and Archimedean writ-
ings, as we have just seen, and the Almagest, as we will see in the next section.

23 Euclidis Elementa 5.1.29.17-38.16.

24 At Euclidis Elementa 5.1.29.17-22: €{nTr{0n, A €@’ EKAOTOV TQV MEVTE GTEPEDV OXNUATWV
£v0G £MmMESOV TV MEPLEXOVTWY OTIOIOVODV 80BEVTOG elpiokeTal Kol T KALOLG £V | KEKALTAL TTPOG
GAnAa o mepiéxovta Emineda £kaoTtov TOV oxnpdTwv. N 8¢ eVpeots, wg Toidwpog 6 RUETEPOG
venynoato peyag Si8dokalog, £xel TOV TpdMOV TOUTOV .... One must recall that Isidorus oper-
ated in the age of Justinian, who severely persecuted high-level intellectual centers of pagan
profession: it is therefore not surprising that abstract geometric subjects such as the theory of the
regular solids were treated and taught by engineers and architects.

25 See the liminar references to the addressee at Apollonii Pergaei quae graece exstant 2.168.5,
2.290.2-3, 2.314.2, 2.354.2 (forms & @iA[Tat]e/¢ éTaipe/pot Avbépie), and the end of the prefatory
letter to in Conica 4 ibid. 2.356.1-4: véyvw®lL oDV abTd EmueAdS, kai el oot kaTaBuping yévntat
kal T& Aotmd katd TodToV TOV TUToV UTU £poi Exktedijvat, kal ToDTo Beod fyovpévou yevijoeTat.
Apparently, Athemius did not show himself keen on reading the edition of Conica 5-8 and the
sequel of Eutocius’ commentary, since neither of them has been transmitted.

26 This is borne out by the spurious pre-subscriptions of these commentaries, to be found at
Archimedis opera omnia 3.48.28-31, 3.224.7-10, 3.260.10-12. As an example, let us read the first of
these texts: Etokiov AokaAwvitov OIopvnpa €ig 0 mpdTov T@v Apxipridoug mepl opaipag kal
KUAvBpov €k860ews mapavayvwabeiong 1@ Mknoiw pnyavikd Towdwpw Npetépw 818aokdAw.
On these subscriptions, and in particular on the meaning of the verb napavaytyvwokw (= check
a manuscript copy, proofread), see the surely wrong interpretation in Cameron 1990 and the
reply in Jones 1999, 168172 (this debate replicates, one century after, that between Heiberg and
Tannery; see Heiberg 1880, 359; Tannery 1884, 119 of the reprint; and Heiberg’s recantation in
Archimedis opera omnia 3.XCIII).

27 Archimedis opera omnia 3.84.8-11: ypd@etat 8¢ 1| mapaBolr St Tod evpedévtog Slapritov @
MiAnoiw pnxavik® Towwpw 1@ NEeTépw Si8aokdAw, ypawévtog 8¢ LI alTOD €ig TO yevopEVOV
AT LIIOPVNRA TOV "HPpwVog Kapapk@v.
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d) If the fact that the scholia vaticana contain obvious extracts from Proclus’
commentary on EI. 1 sets a lower bound to their composition, some clues
suggest that the upper bound cannot be set too close to the present. Proclus’
philosophy, after the long eclipse triggered by Philoponus’ pamphlet, was
reintroduced in Byzantium in the XIII* century, thanks to his Hypotyposis
(Cacouros 2000); the direct tradition of his commentary on EL 1?8 presents a
text that is worse than the one provided by the scholia vaticana. The redac-
tor of the latter therefore had access to a direct tradition surely different
and quite likely older than the one that has survived, although we cannot
exclude that this better line of tradition was still open in early IX"-century
Byzantium.

e) The main copyists of Vat. gr. 190 and of the Vienna codex systematically back
up the propositions of El. 1 with a set of condensed extracts from the relevant
passages of Proclus’ commentary. This running commentary per excerpta,
again organized in the form of marginal annotations and hence doubling
the less systematic scholia vaticana, would make them useless: therefore,
the latter must precede the former (Vitrac 2003, 286-287), unless we suppose
that the copyist of Vat. gr. 190 was urged to blindly collate the excerpta from
another model.

It should be stressed that these remarks only corroborate (albeit quite strongly)
the hypothesis that the scholia vaticana were composed in Late Antiquity, and
in fact within the school of Isidorus of Miletus. One cannot require more than
corroboration: no features of an apograph can unquestionably decide whether
its direct model first displayed a specific layout (in our case, the apparatus of
scholia) or simply reproduced that of one of its own models. In other words, if
lower bounds to the composition of specific scholia can be deduced from their
content (extracts from writings we can date with certainty, mention of known
authorities), upper bounds are much more difficult, and often impossible, to
establish. Assessing the issue is therefore a matter of degrees of plausibility:
one can hypercritically doubt every step of the above reconstruction, since the
possibility cannot be ruled out by the available evidence that a now-lost early
IX*-century codex was the common model of the scholia vaticana® in several
independent witnesses of El. and in Vat. gr. 204. I think that in proposing

28 The oldest manuscript of Proclus’ in Eucl. is Monac. gr. 427, a paper codex of the XI* century
(Noack 1990).

29 But not of EL., since there are two recensions; however, this codex must have contained either
one or the other.
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this hypothesis one should also accept to shoulder the burden of proof and, in

particular, to provide a rationale for such hectic copying activity of EL in early IX

century (at least two branchings in the transmission)*° and to identify a scholarly

circle - in the same period — in which the enterprise of annotating the whole of El.
by collating several exegetic resources could have been carried out.

The name of Leo the Mathematician naturally comes to mind®; it is therefore
important to assess the testimonies of his scientific activity, in order to establish
whether he was in a position to achieve a systematic annotation of El. to some
extent analogous to the 810pBwotg of Plato’s Laws 1-5 one celebrated scholium
assigns to him®,

e The annnotation at f. 263v mg. ext. of Vat. gr. 1594 10D GOTPOVOUKWTETOV
Aéovtog 1| BipAog has been assigned at least to the XIII" century by N. Wilson
(1973, 223) and held by the same scholar to be a mere pen-trial.

e Four epigrams in the Anthologia Palatina ascribed to Leo mention technical
writings or make them speak; the 2-lines epigrams 9.200 and 9.201 mention a
BipAog pnxavikr of Kyrinus and Marcellus (contemporaries of Libanius) and
refer to an astrological treatise of Paul of Alexandria, respectively; epigram
9.202 credits Leo with having owned a book containing writings by Theon
and Proclus®; finally, epigram 9.578 makes a most generic geometric book
speak: on the basis of the lemma accompanying the epigram itself, the book
uses to be identified with Apollonius’ Conica*.

e The testimony of the inscription reproduced, after the subscription of Archi-
medes’ Quadratura parabolae, by two of the Renaissance apographs of a

30 Remark b) above entails that this codex should even be earlier than the hyparchetypes of the
two branches of tradition of EL

31 All subsequent literature on Leo’s mathematical interests depends in fact on Heiberg 1887
(see the conjunctive error pointed out in footnote 35 below).

32 The scholium can be read in Paris. gr. 1807, f. 200r mg. ext.: TéAog TV 810pOwBEVTWY LTO TOD
peyéAov (pthogogov Vat. gr. 1, f. 48r) Aéovrog.

33 It is not said that the Theon mentioned in the epigram is Theon of Alexandria: half of the
extant Expositio rerum ad legendum Platonem utilium of Theon of Smyrna deals with astronomic
matters. Cf. Wilson 1983a (1996%), 83-84.

34 The lemma is written by the first hand of the mid X century codex Heidelb. Palat. gr. 23,
P. 455: A£ovToG PIAOTOPOUL £ig T& kwViKa AtoAAwviov. It is useful also to read the lemmas of
epigrams 9.201 and 9.202: Tob aOTOD AfovTog PIAoco@ov. ig TV BiBAov TawAov GoTpoAdyou
and tob adTod AfovTog ig Tag BifAoug TipdkAov kat O¢wvog: TG HEV OEWVOG ATTPOVOWIKTG: THG
8¢ TIpdxhov yewpeTpikiig, respectively (p. 388 of the same codex, by a different, slightly later,
hand). I am grateful to S. Martinelli Tempesta for precious indications on this point. On Leo’s
epigrams see also Baldwin 1990.
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lost Archimedean codex owned by Giorgio Valla®®, must be assessed more
carefully than it usually is. Irigoin’s (2000) purportedly paleographic argu-
ment for assigning the lost codex to the middle of the IX™ century is based on
the script, apparently imitative of the model, of an apograph transcribed at
the very end of the XV® century. Yet, his argument is subtly fallacious, since
it hinges in a decisive way upon the piece of information coming from the
inscription. The text of the inscription itself only proves that the lost Valla
codex was in the hands of an acquaintance of Leo (maybe a pupil of his, or
that otherwise unknown Theodorus whom Leo very likely appointed to the
chair of geometry in the Magnaura school), not in his own hands.

e [f it is true that manuscripts of scientific content were in Leo’s hands, one
must bear in mind that it is one thing to own manuscripts or to make copies
of them, but quite another thing to provide the treatises therein contained
with a rich and systematic apparatus of scholia. What is more, the mere fact
that the earliest scientific manuscripts in minuscule (such as Vat. gr. 190 and
Vat. gr. 204) happen to have been transcribed during Leo’s lifespan proves
nothing, simply because all the earliest manuscripts in minuscule were tran-
scribed in the same period (after all, this is one of the principal manifesta-
tions of the “Byzantine renaissance”). On the contrary, if we are to believe
the paleographers, such manuscripts as Vat. gr. 190 and Vat. gr. 204 were
transcribed during Leo’s youth, when he acted as a private teacher in Con-
stantinople, and definitely before he became the director of (and held the
chair of philosophy in) the Magnaura school.

e All in all, the only concrete sign of Leo’s mathematical activities is limited
to the likely ascription to him of a long post-liminar first-hand scholium to
EL 6: it carries the title Otopvnpa 0XOALOV 1§ TAG TOV AGywv oVVOETV TE Kal
apaipeotv, Aéovtog and it is transcribed, at the end of the book and together
with other exegetic material, at ff. 120-121 of Bodl. Dorv. 301%, If the rather
trivial content of the scholium and its non-marginal position have any impli-
cation, it is precisely that Leo did not embark on the enterprise of annotating
the whole of the Elements. For a series of reasons, the scholium deserves a
detailed analysis, which is contained in Supplement 1.

35 EUTtuyoing Aéov yewpétpa | moAAovg £G AukaBavtag iotg oAy @iktate povoas, in Laur. Plut.
28.4, £.120r (perperam 120v cuncti viri docti), et Paris. gr. 2360, f. 80r.

36 The scholium is edited at Euclidis Elementa 5.2.341.9-345.7, within the Appendix scholiorum
1.
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In sum, the convergence of signs of full-fledged scientific activity on Leo the Math-
ematician is to a great extent a myth induced by the well-known scholarly habit of
cumulating unassigned or uncertain data on the only available personality — in
our case, a personality having an ideally suited, yet misleading, nickname*.

Heiberg identified another collection of scholia, which he called scholia vin-
dobonensia: 461 annotations (listed at Heiberg 1888, 244-248) transcribed in the
margins by the main copyists of Paris. gr. 2344 and of Vindob. phil. gr. 31, f. 235r
ff., to which he added, because of their presence in the later Laur. Plut. 28.2, the
scholia transcribed by the hand responsible for the first part of the Vienna codex
and by a second hand in the Paris manuscript. The main characters of this collec-
tion cannot be favorably appraised: excerpts from Proclus that are negligent and
based on a text that is as bad as that of the direct tradition, borrowings from the
scholia vaticana, presence of duplicates, explicit quotes of the texts being com-
mented on, uncertain grammar and content often flawed by trivial errors, obscu-
rities and blatant mistakes. Heiberg sets them in the XI" century, and submits
Michael Psellus’ name, to whom sch. 1.40 and 1.49 are ascribed in Magl. XI
53%,

If one must a priori suspect that many non-authentic argumentative units
in a mathematical text are former scholia that found their way into the text at
some stage of copying, an interesting subset of these spurious passages consists
of very old marginal annotations which, depending on the manuscript, followed
different paths: integrated with the main text, transcribed as scholia, or simply
omitted. Heiberg lists them (1888, 230-231), and the reader may follow their tra-
jectories in his edition of El. They are common notion 5 vulgo, 6.def.5, the porisms
to 3.31, 5.19, 6.8, 6.20 (porism 2), and 10.23, the supplements to 10.10, 10.36-40,
and 13.1-5, the entire prop. 13.6. Only a handful of the over 1450 scholia edited
by Heiberg (sch. 1.2, 68, 3.19, 6.46, 9.43, 10.177, 11.18, 12.94, app. sch. 2.8) allude to
divergent texts; perhaps the most interesting indications are the two mentions,
transcribed by the scholiast of the XII"-century manuscript Paris. gr. 2466 (sch.
1.68 and 6.46), of better proofs to be found év 1@ Zapaknvik® Gvtypd@w.

37 Yet, Leo is awarded the epithet paOnpoatikdg only once: Theophanes continuatus 4.197.4. But
recall that the term simply means “man of study”.

38 The names of three other renowned Byzantine scholars surface in the scholia to EI. They are
Leo (the Mathematician?), as we have just seen, Maximus Planudes, in sch. 6.6 and 10.223 and in
three further annotations in Laur. Plut. 28.2, and John Pothos Pediasimos, in two scholia again
in Laur. Plut. 28.2 (Heiberg 1888, 272-275).
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2.2 Almagest

The scholia vetera to the Almagestum (henceforth Alm.) have never been edited or

studied as a collection®. In this section I will try to give some elements useful for

their study, with special focus on the scholiastic corpus of Vat. gr. 1594, a codex I

have analysed thoroughly very recently.
Heiberg knew of 36 manuscripts of Alm.; he organized them into three fami-

lies*°, whose best (and oldest) representatives are

e Vat. gr. 1594 [IX™ century p. m., siglum B, Prolegomena ad Alm. (henceforth
Prol.), anonymous and incomplete, Ptolemy, Alm., Phaseis (Phas.), De judi-
candi facultate et animi principatu (Judic.), De hypothesibus planetarum (Hyp.),
book 1] and Marc. gr. 313 (IX™ century ex.—X™ century in., siglum C, Prol., Alm.);

e Paris. gr. 2389 (in majuscule, IX" century in., siglum A, Alm.);

e Vat. gr. 180 (X™ century, siglum D, Alm.)** and Vat. gr. 184 (XIII* century p. m.,
siglum G, varia arithmetica et astronomica, Prol., scholia miscellanea ad Alm.,
Alm.)*?,

39 In particular, no-one has so far redacted even a tool as simple as a concordance table of the
scholia in the oldest manuscripts of Alm. See Mogenet 1962 and 1975, Tihon 1976, Pingree 1994,
and Jones 2003 for editions limited to few specimina. There are just a handful of first-hand scho-
lia to Prolegomena ad Alm., nevertheless they provide us with one interesting piece of informa-
tion: the true title of Pappus’ Collectio. The text is ioTéov 6Tt 6 peyag Iamnog TabTa Enédetsev
EppEAT] év TiL €' BiBAwL T@V &vOnp@v mpoBAnuéaTwv (Marc. gr. 313, f. 3v, and Vat. gr. 1594, f. 51, in
minuscule, edited in Acerbi/Vinel/Vitrac 2010, 132.24 app.).

40 In this order, partial stemmata are given at Ptolemaei opera omnia 2.LIII, LXXVI, CXXXVI.
One must recall that Vat. gr. 184 is employed by Heiberg only in tome 1.2 (= Alm. 7-13) and that it
is incomplete (des. ibid. 1.2.589.7 GvwpaAiag).

41 On the structure of this codex, written by several copyists, see Orsini 2005, 317-322 and 340—
342. The ff. 1r-2r and 280v, by a hand of the XI" century, contain excerpts from Theodoret’s Com-
mentarius in Psalmos.

42 Vat. gr. 184 (note by one of the copyists dated 1269/1270) is an apograph of Vat. gr. 1594 inso-
far as Prol. is concerned. This manuscript (see Bianconi 2004, 330-331, for its structure) contains
annotations and corrections by John Pothos Pediasimos, John Catrarios, Nicolas Eudaimonoio-
annes [see in the first place Tihon 2003; Bianconi 2005b, 150-151, identified one of the hands
singled out by Tihon with that of John Catrarios; the identification of Pediasimos (olim Turyn’s
R, to be found also in Bodl. Dorv. 301: B. Mondrain, unpublished — and in Vat. gr. 2326: Bianconi
2014) is in Pérez Martin 2010]. A select collection of scholia from Vat. gr. 1594 was transcribed
in Vat. gr. 184, ff. 25r-80v, preceded by the title ©¢wvog GAeEavBpews: aXOALa AV XPHOLA LG
TV peydAny ovvta&v ITtoAepaiov; Mogenet (1975, 307) asserts that these are in all 121 annota-
tions, of which 46 were originally written by the first hand of Vat. gr. 1594, 75 by a second hand
(Mogenet does not qualify his statement, but there must be something wrong in his figures: there
obviously are many more than 121 scholia in the collection of Vat. gr. 184).
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The first two families, of which the said codices are also the prototypes, are linked
by a series of conjunctive variants and thus give rise to a super-family. Heiberg
notes that the tradition represented by the third family, although less correct and
often interpolated, allows very old textual layers to be reached. Overall, the struc-
ture of the stemma proposed by Heiberg makes it possible to go very far back in
the tradition of Alm.

Paris. gr. 2389 is a de luxe exemplar and has no scholia vetera, large quanti-
ties of which can, instead, be found in Vat. gr. 1594 and Marc. gr. 313. The sets
of scholia of these two manuscripts are almost identical. We will presently see
that we can also set an upper bound to their date of composition: the redaction
of Theon’s commentary in Alm., about 360. We are thus presented with a situa-
tion fairly analogous to that encountered in the previous section with the scholia
vetera ad EL.: a collection of scholia assembled not before Late Antiquity and con-
tained in independent (albeit belonging to the same family) witnesses of the main
text. But the situation is even more favorable, since we can both lower the upper
bound and increase the lower bound. In order to see this, let us consider first
some of the main features of this corpus as we have it in Vat. gr. 1594, by far the
best witness.

1) First-hand scholia in majuscule. First-hand scholia are either in a majuscule
of small module or in a minuscule identical with that of the main text but
of reduced module: over the same length of text, the scholia line up about
2/3 of the signs of the text. Scholia in majuscule*® can be found at the ff. 6r,
9r epigram (in Auszeichnungsmajuskel, of the same size as the titles of the
chapters of Alm.), 12r (short schematic summary), 16r, 191, 19v, 22v, 23r, 23v,
241, 251, 25v, 361, 37V, 38V, 391, 401, 421, 42V, 431, 43V, 441, 44V, 451, 46V (sche-
matic summary), 471, 47v, 48t, 48v, 57v, 61v, 64v, 68v, 71r (short schematic
summary), 75v, 81v—82r (annotations to the tables of the mean motions of
the Moon), 92r, 97v, 100r, 102v, 106v, 110r, 1161, 118r, 120v, 122v, 123r, 123V,
125r (annotations to the tables of conjunctions), 126r, 1271, 128v, 132v, 1331,
138v, 140v, 141v, 148v, 1541, 155-164 (annotations to the star catalogue), 168r,
168v, 169r (schematic summary), 169v, 170r (schematic summary), 174v, 176r,
178r, 179v, 181r, 18v, 184r (annotations to the tables of the mean motions in
longitude and anomaly of the five planets), 185v, 193r (data concerning the
Moon and Mercury, in tabular form), 196r, 196v, 1971, 1991, 2071, 208r1, 209V,
211v, 2131, 215v, 216v, 217r, 221r, 222, 222v, 223V, 2241, 228V, 2291, 257v. Sche-

43 These scholia are transcribed in Supplement 2 at the end of this article. Short numerical scho-
lia are excluded.
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2)

3)

4)

matic scholia normally have the first categorization in majuscule (see item 3).
Numerical tables normally are in majuscule (see item 4).

First-hand scholia in minuscule. These can be found on almost every page,
and sometimes are of considerable extent; as regards their content, see infra.
Starting from f. 113v (Alm. 5.4), a later hand marked these scholia selectively
(the selection criterion appears to be related to length) by a slashed majus-
cule gamma. Starting from f. 140r (Alm. 6.10), the scholia are also numbered
by a more recent hand [which at the beginning adds on(peiwoai) to the
numeral letter], again selectively, and in fact over a subset of those receiving
the first marking: numbers range from o' to y" in book 6 (but including a p’
and a B*), from o to ¢B’ in books 8-9, from a' to k¢ in book 10, from o to &B’
in books 11-12, from o to ¢’ in book 13: 274 scholia in all. Exactly the same
numbering is apposed, only for book 13 and by the same XIV* century hand
that transcribed the scholia, in Vat. gr. 180. Some scholia in minuscule have
a “title” in majuscule. A small number of scholia are figurata, that is, they
have the form of an object: ff. 10v (amphora), 18v (Latin cross), 24v (altar [?]),
26r (Latin cross having an amphora as basis, but only the final portion of the
scholium, which begins in the upper margin), 36r (Latin cross), 36v (amphora
with pointed basis), 38r (amphora), 68v (Latin cross having an amphora as
basis), 205v (amphora having a Latin cross as basis). Even when they are
not figurata, many first-hand scholia in minuscule have their last line(s)
centered and showing progressively reduced length. Two long scholia at the
end of Alm. 5.7 and 5.17 (ff. 106r and 117v) are set out, preceded and follow-
ed by decoration, as if they had a truly textual status, although they are still
written with a script whose module is intermediate between that of the text
and that of the marginal annotations.

Schematic scholia. These can be found at ff. 1v*, 12r (entirely in majuscule),
12v, 241, 46v (in majuscule), 471, 71r (in majuscule), 119r, 1451, 169r (in majus-
cule), 170r (in majuscule), 260v. The schemes in majuscule are usually more
condensed. All these schemes, except for the one at f. 145r, have portions in
majuscule, normally the first row.

First-hand tabular scholia. Numerical tables (always without justification
lines) can be found at ff. 27v, 37v, 38v, 42r, 44v, 45v, 48v, 591, 621, 701, 74V,
751, 75v, 76r, 76v, 78v, 791, 81v, 821, 861, 86V, 871, 881, 89V, 92V, 93V, 951, 95V
(mg. sup., these are data from Hipparchus), 99r, 100r, 101r, 101v, 111r, 113r,
113v, 114v, 1151, 115v, 122v, 123r, 126v, 1271, 127v, 128r, 128v, 1291, 129v, 130r,
132v, 133r, 133v, 1431, 143v, 1741, 176v, 182v, 184r, 1861, 192r, 1931, 201V, 209v

44 Edition in Acerbi/Vinel/Vitrac 2010, 78.3 app.
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(comparison of the dates of observation reports by Dionysius and Ptolemy),
210r, 216V, 2171, 222v, 2351, 235v, 2361, 236V, 245v (incomplete), 261r. Tabular
calculations (normally applications of simple proportional schemes required
in interpolations or in applications of Menelaus’ theorem) can be found at ff.
23v, 26r, 271, 29v, 301, 42v, 44v, 461, 48V, 701, 711, 761, 901, 90V, 911, 94V, 1021,
102v, 103r, 103v, 1041, 104v, 105v, 1081, 108v, 111r, 111v, 112r, 1141, 114v, 115,
116r, 116v, 1171, 121v.

5) First-hand diagrams attached to scholia. They can be found at ff. 45r, 64v, 65,
68r, 68v, 75v, 76r1, 79V, 87V, 98v, 99v, 103V, 1191, 1201, 127V, 128V, 12971, 1311, 13471,
1351, 172r, 188r, 2551. The systematic presence of these diagrams shows that
they were traced at the same time as the scholia.

6) Second-hand scholia and correctors. These can be found at ff. 2r-5r (see
infra), from f. 16v to f. 91r (Alm. 1.9-4.6), and at f. 112v (Alm. 5.14). Many of
these annotations go back to the XII* century, by a hand that also supplied
ff. 66-67*. Heiberg*® identified four hands of correctors. The hand of the
first corrector (end X"-beginning XI" century), whose ductus is nervous and
angular, strongly bent on the right, supplements short pericopes omitted,
usually by saut du méme au méme, by copyist Ila at ff. 18r—v, 19r-v*’. By far
the most frequent hand (and of an attentive reader: note the title at f. 169r),
which also traces most of the diagrams omitted by the main copyist, relies for
its interventions on a manuscript of the family of Vat. gr. 180 and 184. This
hand coincides with the one that supplied ff. 66-67 and wrote down most of
the later-hand scholia“.

45 Expertise of P. Canart apud Mogenet 1975, 303.

46 Ptolemaei opera omnia 2. XXXII-XXXIII.

47 The supplemented passages are at Alm. 1.10, Ptolemaei opera omnia 1.1.37.11-12, 37.15, 38.14,
39.16-18, 43.7, 43.13-16, 45.6—7. All these passages are also absent in Marc. gr. 313. Other interven-
tions of this corrector are at Ptolemaei opera omnia 1.1.13.9 (corr. peilovat in xwpf), 15.17 (res-
toration of the order of three words by means of superposed apices), 19.21 (trivial correction),
38.18 (add. te oOk mg. et ras.), 44.6.13 (correction of denotative letters). Therefore, this hand
only checked for the text of Alm. 1.3-5 and 1.10. Vat. gr. 1594, formerly included in the “collection
philosophique” (Ronconi 2013), was written by two copyists, called Ila (ff. 1r-277r) and Ilc (ff.
278r-283r).

48 The first scholium written by this hand is of the utmost importance: in the margins of Prol. at
ff. 2r-5r, it provides us with crucial pieces of information on the relationships between Byzantine
and Arabic astronomy. Redacted ca. 1032 and transcribed in Vat. gr. 1594 from unknown sources,
this scholium was therefrom copied in the margins of Vat. gr. 2326, ff. 26r-28r, and of Paris. gr.
453 (Mogenet 1962).
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Both first-hand and second-hand scholia to Alm. can be divided into three catego-

ries (Mogenet 1975):

a) extracts from Theon’s commentary in Alm.;

b) extracts from the “same” commentary but containing additions (or present-
ing variants) to be found nowhere else®’;

c) annotations referring to periods after Theon’s times®°.

The first-hand scholia of categories a)—b) constitute almost the whole of the indi-
rect tradition of Theon in Alm., and Mogenet, in his article of 1975, had already
set up comparisons to the detriment of the editorial practices of A. Rome. Now,
while this work is partly made useless by the fact that books 1-4 and 6 are trans-
mitted by the vetustissimus Laur. Plut. 28.18 (IX™ century in.; these are the books
edited in Rome 1931-1943, where the scholia vetera to Alm. are not collated), the
only witness of Theon in Alm. 8-10 and 12-13°! not containing a Byzantine recen-
sion happens to be a portion, dated to the end of the XIII" century, of Vat. gr.
1087°2. For these books, then, the earliest indirect tradition of Theon in Alm., rep-
resented by the first-hand scholia of Vat. gr. 1594, is over four centuries older
than the direct tradition of the same work — only available in a form in which we
have every reason to suspect interventions of the renowned Byzantine scholar
Maximus Planudes®.

49 A tempting hypothesis (cf. Mogenet 1975, 307) on the origin of these extracts is that they come
from Pappus’ commentary in Alm., in all evidence the (very close) model of Theon’s (see Rome
1931-1943, LXXXIII-LXXXVI). Only books 5 and 6 of Pappus’ in Alm. have survived, whereas
Theon’s equivalent commentary has been transmitted almost in its entirety (see infra).

50 The sub-collection in Vat. gr. 184 gives the following figures (Mogenet 1975, 307): of the 46
first-hand scholia, 31 belong in one of categories a)-b), whereas only 8 of the later scholia have
this origin.

51 Book 11 of Theon in Alm. is lost, book 7 can only be read in a Byzantine recension.

52 The relevant portion is at ff. 123-147. This manuscript must be completed (Rome 1927) with
Paris. gr. 2396, which contains Theon in Alm. 1, 2, 4 and whose ff. 1-86 date back to the Pla-
nudean period and actually are in part (ff. 33v-76v) an autograph of Planudes himself: Mondrain
2002. Concerning the copyist of Paris. gr. 2396, ff. 77r-86v, and of the said folios of Vat. gr. 1087,
who was an anonymous collaborator of Nicephorus Gregoras, see Bianconi 2006, 147-151. Both
codices also contain annotations by Gregoras (Bianconi 2005a, 414415 and 417). On Vat. gr. 1087,
see in the first place Pérez Martin 1997, 83, and, most recently, Menchelli 2013.

53 A proof of this is a calculation that Theon performs at in Alm. 13.3, first 14 T@V €k T@OV
YPOPUIK@V £9OSwv EmAoylop@v, then 8id TAG TOV So@avteiwv dplBp@v dywyiig. We read this
passage as an unassigned extract at Vat. gr. 1594, f. 248v, and at Vat. gr. 180, f. 268r, written by
a hand of the XIV®" century (starting exactly from Alm. 13.3, the lower margin of each folio of
Marc. gr. 313 has been cut off, but what remains bears no annotations; an edition of this text is
published in Christianidis/Skoura 2013) — and obviously as a part of Theon’s commentary at Vat.
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As far as the first-hand scholia belonging to category c) are concerned, an
analysis of three such scholia led D. Pingree to conjecture that they were the
membra disiecta of a commentary redacted between 537 and 637, probably by a
representative of the Nestorian community based in Nisibis, now Nusaybin in
south-eastern Turkey>*. Pingree even ventured, “only in [his] imagination”, to
propose a chain linking this unknown scholar with Theophilus of Edessa and
his pupil Stephanus the Philosopher, who might have carried the model of Vat.
gr. 1594 to Constantinople just before 775. As a matter of fact, Pingree’s argument
rests on poor evidence: the first scholium, from which he draws the window
between 537 and 637, appears to forge fictitious data for the sake of example; the
second scholium is a précis of Hyp. 2, transmitted only in Arabic translation but
well known in its original form by Proclus and Simplicius®; the third scholium,
of theological content, focuses on a point of doctrine (divine things are invisible
to us only because of our weakness) that is not extremely specific — and Syria was
not the only place where Nestorian ideas could be professed at the beginning of
the VI® century.

Different suggestions as to the origin of the first-hand scholia in Vat. gr. 1594
come to the fore if we examine them more closely from a structural point of view.
First of all, these scholia could not possibly have been composed or gathered by
the copyist: as noted above, we find the same collection, with variations that
would deserve to be studied in detail, also in Marc. gr. 313, belonging to the same
textual family of Prol. and Alm. as the Vatican codex®°.

A second, and crucial, remark is that the copyist of Prol. and Alm. in Vat. gr.
1594 apparently found two different layers of scholia in his model, which he dif-
ferentiated by means of the graphic dichotomy majuscule/minuscule. The most

gr. 1087, ff. 145r—v, where it is followed, in the main text, by a carefully arranged tabular set-up
of the diophantine-style solution, identical in form to those displayed in Planudes’ commentary
on Diophantus’ Arithmetica.

54 See Pingree 1994; the scholia can be read at Vat. gr. 1594, ff. 169r (Alm. 8.3), 1741 (Alm. 9.1), and
10r (Alm. 1.1). Other manuscripts carrying annotations to Alm. can prove useful for reconstruct-
ing ancient writings. Mogenet (1975) has shown that those of Vat. gr. 1594 can assist in filling
lacunas in book 3 of Theon in Alm. Tihon (1987) found book 5 of the same treatise in the margins
of Vat. gr. 198 (XIV™ century p. m.), after Rome (1953) had identified a long extract included in the
main text (ff. 421v-424v).

55 Proclus, in R., 2.230.14 Kroll, and in Ti., 3.62.23 Diehl; Simplicius, in Cael., 456.22 Heiberg. This
list is printed in Ptolemaei opera omnia 2.110.

56 As for Vat. gr. 180, it contains a rich scholiastic apparatus, undoubtedly transcribed by colla-
tion from Vat. gr. 1594 by a hand of the end XI'"-beginning XII'"" century.

57 The evidence shows that the argument in Irigoin 1957, 9-10, concerning the presence of ma-
juscule/minuscule script in the scholia as a dating criterion, could not be right, simply because
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likely explanation is that the scholia he transcribes in majuscule could be identi-
fied as older in the model, the scholia he transcribed in minuscule being perceiv-
ably more recent, and perhaps traced in a more informal hand?®. A first clue comes
from the epigram transcribed in a quite formal majuscule script in Vat. gr. 1594,
f. 9r mg. inf., whereas Marc. gr. 313, f. 30v (in a very formal majuscule; it is not clear
whether the copyist intended to have it in the text or to keep it in the margins,
since it partly occupies both; the presence of a decoration between summary and
epigram suggests that the former alternative holds), and Vat. gr. 180, f. 3r, have it in
the main text, just after the summary of Alm. 1°°. It is quite clear that the epigram
was present in the form of a scholium in the common model of Vat. gr. 1594 and
Marc. gr. 313, and that the incertitudes as to its placement in the latter codex must
come from the fact that its copyist shifted the format from two columns to full page.
Now, the epigram is also attested in Synesius, De dono 5 (no ascription; it is quali-
fied as apyaiov), as Anthologia Palatina 9.577 (Heidelb. Palat. gr. 23, p. 455, lemma
[TtoAepaiov eig EavTtdv), in Vat. gr. 184, f. 82r (minuscule script, in the intercolum-
nar space, no ascription and after an indication €niypappa), in Leid. B.PG. 78, f.
1451 (Ptolemy, Tabulae manuales), where the epigram, written by the main copyist
in an early IX" century majuscule, is included in the last table (!) of the catalogue of
the fixed stars, preceded by the title éniypappa 6 einev ITtolepaiog eig Eavtdv. All
these testimonies had only access to a debased text, marred by three conspicuous
lectiones faciliores. Thus, the best version of the epigram has only been transmit-
ted by the model of Vat. gr. 1594, the debased version being attested in as early as
Synesius. This suggests that the epigram was already contained as a scholium in
an ancestor of the model itself: the formal Auszeichnungsmajuskel adopted in the
surviving apographs of this codex can be taken to reflect this fact. A second clue is
that the scholia to Prol., which was redacted not before the end of the V" century
as we will see, are all in minuscule, including the highly symmetric schematic
summary on f. 1v. A third clue, corroborated by what we will argue about the origin
of the hyparchetype of the textual family led by Vat. gr. 1594, is that the scholia in
minuscule have the structure of a running commentary, made up of extracts from

it was based on too reduced a sample (for instance, Irigoin does not mention Vat. gr. 190, whose
scholia are all in minuscule).

58 In particular, some schematic summaries could be older than others, the copyist having kept
the majuscule only for the first line of the most recent ones. To the scholia in majuscule to Alm.
should be added four annotations in majuscule to Judic.

59 But in Vat. gr. 180 the epigram is transcribed by the same hand of the end XI""-beginning XII**
century that collated the scholia of Vat. gr. 1594. The epigram is edited in Ptolemaei opera omnia
1.1.4.5 app. and, for the variant readings of the recentiores, ibid. 2.CXLVII-CXLVIII; an edition
taking into account the entire tradition is in Boll 1921.
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other commentaries: it is a specialist’s job, finding its natural milieu in well-organ-
ised scholarly circles, most notably from the point of view of access to sources. A
fourth clue suggesting the ancient origin of all first-hand scholia in Vat. gr 1594
is the notational practice of the signs representing sexagesimal numeric entities:
on the one side is the evidence of Prol.: apices; on the other stands the evidence
of the main text of Alm. and of the scholia thereon in all the oldest manuscripts:
bars. It seems as if our documents testify to a notational change that took place in
the period between Theon (IV" century p. m.), whose in Alm. was the basis of the
excerpted scholia, and the circles in which Prol. was redacted (VI* century in.), and
the change may indeed have been triggered by these very circles. What is paradoxi-
cal is that in the same codex (Vat. gr. 1594) one finds two different notations for the
sexagesimal numeric entities, and that one (apices) is systematically adopted in a
work (Prol.) that was intended as a technical primer for the algorithmic practice of
the treatise (Alm.) where the other (bars) is adopted (Acerbi 2013b).

The strongest argument in favor of assigning the model of Vat. gr. 1594 to
the Alexandrine Neoplatonic school of the late Vh—early VII*" centuries, is what
we may call “preliminary material” (scil. to Alm.). This resource is made up of
four texts, given in the following order: Prol., the Inscriptio Canobi (a work by
Ptolemy!), a list of seven observation reports of astronomic phenomena, the
Septem astrorum epitheta of Dorotheus of Sidon (I*t century CE). Now, only ¥/ of
Prol. remains in Vat. gr. 1594, but the original presence there of the preliminary
material in its entirety is beyond doubt: two quires after the first quaternion have
surely been lost in Vat. gr. 1594, and we find the same material in its complete
form, and immediately followed by Alm., in direct apographs of the Vatican codex
such as Paris. gr. 2390 and Vat. gr. 2326; what is more, we also find it in Marc. gr.
313, an independent copy of the same model as Vat. gr. 1594.

Now, six of the observation reports contain the name of the observer: it is Heli-
odorus, son of Hermias and brother of Ammonius®®, the Neoplatonic philosopher
who held the chair of the School of Alexandria and was still living in 517¢. To these
six observations, expressly dated between 498 and 510, another was added, made

60 See Zintzen 1967, 100.7-8, 101.2, 109.7-11 (= Phot., Bibl. 242, 341a 7-9, and Suda € 3035,
2.412.22, and a 79, 2.162.13-17 Adler, respectively).

61 Editions in Ptolemaei opera omnia 2.XXXV-XXXVII, Jones 2005. Analysis of the astronomic
content in Neugebauer 1975, 1038-1041. The observations are: 1%t May 498, conjunction Mars-Ju-
piter; 21 February 503, lunar occultation of Saturn; 18 November 475, lunar occultation of Venus;
27 September 508, conjunction Jupiter-Regulus (= a Leonis); 11 March 509, lunar occultation of
the “bright «star> of the Hyades” (= a Tauri); 13 June 509, conjunction Mars-Jupiter; 20-21 August
510 (date not specified in the text), missed conjunction Venus-Jupiter.
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in 475 in Athens, preceded and followed by the indication Tob Beiov Trijpnog®.
The reports are worded in the first person and begin with eisov ‘HAt68wpog. In one
of them, made on 21 February 503, it is specified that “the beloved brother” of Hel-
iodorus was also present (£yw Te kail 6 IAWTOTOG A8eAPOG) — that is, Ammonius.

Heliodorus’ observations provide us with one crucial piece of information
about the history of the text. In fact, the incipit of this short tract is Tabta &no
ToD GvTiypd@ov Tod @oodpov Eypaa: it is the remark of a copyist, and the
fact that, both in Marc. gr. 313 and in the apographs of Vat. gr. 1594, we find
these words in isolation at the beginning of the text (still not identified as a title
by some Auszeichnungsschrift) shows that they were contained in the common
ancestor of the Vatican and Venetian codices. The rhetorical device of antonoma-
sia and the fact that the epithet @iAdoopog was exclusive to the chairholder of the
Neoplatonic school make it almost certain that this unnamed “philosopher” is
Ammonius or one of his immediate successors. Moreover, it goes without saying
that the “exemplar of the philosopher” was a copy of Alm.: one is thus led to con-
clude that Heliodorus and Ammonius were an active part in the revision that has
consigned to us a whole branch of the manuscript tradition of Ptolemy’s magnum
opus, enriched with the preliminary material. In this perspective, it is likely that
the common model of Vat. gr. 1594 and of Marc. gr. 313 was closely linked with
the “exemplar of the philosopher”. It should also be recalled that no more than
350 years passed between Heliodorus and the creation of Vat. gr. 1594, and that
a copy of Alm. was extremely expensive®>. Consequently, Heiberg puts the hypar-
chetype of this branch of the tradition directly in the VI* century, arguing that
this codex coincides with the exemplar of Heliodorus/Ammonius or — though he
sees this as less likely — with an immediately subsequent copy®*.

That Prol. was also produced in Neoplatonic circles is beyond doubt: it pre-
sents Alm. according to the isagogic schemes developed by late Neoplatonism®, it

62 Heiberg (Ptolemaei opera omnia 2.XXXVII) surmised that that “divine” was Proclus; Westerink
(1971, 20 n. 27) recalls that in Late Antiquity 6elog may simply mean “uncle” (this is the origin of
the Italian word “zio”). From different sources (but they all can be traced back to Damascius’ Vita
Isidori), we know that the name of Hermias’ brother was Gregorius: see Zintzen 1967, 104.5 and
105.7 (= Phot., Bibl. 242, 341a 33, and Suda y 453, 1.543.8 Adler, respectively).

63 For the cost of copy in the times of Arethas see Follieri 1973-1974.

64 See Ptolemaei opera omnia 2.XXXIV-XXXVII, and the stemma, LIII.

65 For a first orientation on this exegetic format, best exemplified by Simplicius’ introduction
to his in Cat. 8.9-20.12 Kalbfleish, see Hadot 1990, 21-47 and 138-160, and the synthesis in Hoff-
mann 2006. A treatise was presented by clarifying in succession its goal, usefulness, position in
the canonical sequence of readings, title, authenticity, division into “chapters”, and assignment
to a specific branch of Aristotelian philosophy.
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attaches the epithet “divine” to some of the authorities it names®®. A terminus post
quem is set by the ascription to Syrianus (tca. 437) of a specific computational
algorithm: Aéyetau 8¢ 7| epeaig Zuplavod Tod peydAov @ilogdpov. The dubitative
shade of meaning suggests that there was no strict doctrinal continuity between
Syrianus’ discovery and its mention in Prol.: it is therefore reasonable to shift
our gaze from Athens to Alexandria and let a couple of generations pass. The
text of Prol., which — given the syntactic evidence and the types of arguments
adduced - was in all probability based on lecture notes taken from oral teaching
(redaction &mo @wviig) that were never the object of a final redaction in view of
their #x8oo1g, was thus composed in the Alexandrine Neoplatonic circles in
order to serve as an introduction and a technical primer for the algorithmic
practice of the recension of Alm. that circulated among Ammonius’ pupils.

To sum up, the model of the model of Vat. gr. 1594 can probably be iden-
tified with the avtiypapog Tod @oodpov (Heliodorus’ observation reports),
which must have been a relatively clean exemplar (sparse first-hand scholia in
majuscule). The model itself was at the same time the working exemplar of a top-
level scholar (abundant and technically refined first-hand scholia in minuscule)®”
and an official copy, intended to assist teaching in the Alexandrian Neoplatonic
school (preliminary material and recension of Alm.) but without the features of
a de luxe exemplar (unfinalized state of Prol.®®). Some factual data suggest that
Vat. gr. 1594 is a (partially) conformal — and therefore direct — copy of this model
(unlike Marc. gr. 313, in which all these characters disappear): the mise en page
on two columns, the presence of a tabula ansata at f. 20v, the differentiation of
the layers of scholia by means of the graphic dichotomy majuscule/minuscule®.

66 Eudoxus and Archimedes: oi Bgiot Gv8peg Eketvol; Ptolemy: Tob Beiov ITtoAepaiov and Tod
peyéAov ITtoAepaiov. We may add the epithet of Syrianus as tod peydAov @pilocdgov and that of
Theon as ToD @Aocd@pov.

67 A further indication of this is that these scholia are seldom accompanied by signs directing
to the portion of text they are intended to clarify. As a consequence, only the circle of scholars
who made a unitary collection of these annotations could profitably use a manuscript containing
them. Accordingly, the scholia were eliminated from all apographs of Vat. gr. 1594, while being
copied selectively, surely on the initiative of scholars well acquainted with Alm., in Vat. gr. 180, a
manuscript belonging to another branch of the tradition.

68 But the scholia to Prol. were composed within well-informed circles, and Prol. itself contains
a version of Zenodorus’ treatise on isoperimetric figures that is different from those we read in
Pappus, Coll. 5, and Theon, in Alm. 1.10.

69 For such arguments of “kodikologische Stemmatik”, see in the first place Kresten 1969, and
the considerations in Cavallo 1999. A. Stramaglia pointed out to me the importance of the tabula
ansata.
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It goes without saying that this reconstruction, very much as in the case of
El., entails that the collection of first-hand scholia in Vat. gr. 1594 was composed
in Late Antiquity, not in the early Byzantine period. The impression one draws
from a careful study of this manuscript is in fact that its content must be taken
as a well-thought-out whole: Prol. and the rest of the “preliminary material”,
recension of Alm., scholia to Alm., all belong to a unitary exegetic enterprise,
performed by a skilled and well-documented (circle of) scholars. The above dis-
cussion strongly suggests that this project was carried out to assist the teaching
activities within the Neoplatonic school of Alexandria.

Again, as in the case of the scholia to El., assessing the origin of the collec-
tion of first-hand annotations to Alm. contained in Vat. gr. 1594 cannot but be a
matter of mere plausibility: as pointed out in the previous section, no feature of
an apograph can unquestionably decide whether its direct model first displayed
a specific layout (in our case, the apparatus of scholia) or simply reproduced that
of one of its own exemplars, nor, given the inherently disconnected character
of a set of specific annotations, can indications coming from specific scholia be
uncontroversially generalized to the entire set’°. As a matter of fact, the two case-
studies of El. and Alm. corroborate each other since they share a key character-
istic: the relevant collections of first-hand scholia are contained in manuscripts
featuring among the earliest transcriptions in minuscule. That in either case, and
a fortiori in both cases, an unknown Byzantine Gelehrter’* had produced a now-
lost early IX®-century codex that was the common model of the several independ-
ent witnesses only for the scholia, is in my view utterly unrealistic.

We may proceed a step further in this argument and, in order to achieve a more
exact indication of the date of redaction of Prol., discuss the pieces of information
concerning the astronomic inclinations of the main scholars of the Neoplatonic

70 For instance, among the first-hand scholia of Vat. gr. 1594, f. 25v, is one coinciding with the
entire general part of the short tract on removal of ratios ascribed to Domninus of Larissa, a pupil
of Syrianus and fellow-student of Proclus; this text expounds a procedure different from that set
forth in Prol. We read the same annotation in Marc. gr. 313, f. 52r, in Vat. gr. 180, f. 23v, and, as-
sisted by a peculiar mise en page, in Vat. gr. 184, ff. 91v-92r — that is, in all branches of the tradi-
tion of Alm. containing scholarly material. Now, an anlysis of the scholium shows that it was the
source, after the addition of a complete set of examples, of what we now read as a self-contained
text. But even in this case, dating this scholium does not amount to dating the entire collection
in Vat. gr. 1594 (the same must be said of the scholia discussed by Pingree). The definitive edition
of all writings ascribed to Domninus is in Riedlberger 2013, the scholium is edited and discussed
in Acerbi/Riedlberger 2014.

71 By this term Westerink 1990, 122, designates the personality responsible for shaping the “col-
lection philosophique”.
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school of Alexandria’. As we have seen, the “exemplar of the philosopher” was
most likely the working copy of an Alexandrian diadochus, and by implication of
someone giving official classes. We are thus left, in order of dtadoyia, with Ammo-
nius, Eutocius’, Olympiodorus and Stephanus of Alexandria.

Damascius asserts that he was taught by Ammonius “the composition of the
astronomic books of Ptolemy””4, and a passage in Simplicius depicts Ammonius
who, in the presence of Simplicius himself, observes Arcturus with an armillary
sphere, in order to determine the longitude of the star and thereby confirm the
constant of precession given by Ptolemy”™. A passage from a téxvn paOnuotikn
of some Stephanus (who quotes Simeon Seth and is therefore later than the mid
XI™ century) mentions a “table” by Ammonius which, like those of Theon and
Heraclius, employed the era of Philip and the Egyptian months. It may be that
the text refers to a commentary by Ammonius in Can.’. Finally, John Philoponus
mentions, at the very beginning of his own treatise on the subject”’, a work on
the astrolabe redacted by Ammonius — and we have every reason to think that as
in many other cases, Philoponus simply took up and reformulated lecture notes
taken during a course held by Ammonius.

72 Analysis of the technical aspects in Neugebauer 1975, 1037-1051.

73 That Eutocius was the successor of Ammonius is suggested by the fact that, according to
Elias, he gave classes on Porphyry’s eioaywyn: el p€pog fj 6pyavov i Aoytkr @thocogiag, EVTOKL0G
pév {ntel i eloaywyiig apxopevog, in Westerink 1961, 134.4-5, within a fragment of a commen-
tary of Elias on Aristotle’s APr., contained in the composite manuscript Paris. suppl. gr. 678, ff.
131-138 (XIII* century this quire).

74 Phot., Bibl. 181, 127a 8-10 (= Zintzen 1967, 199.5-6): toUTtov [scil. Ammonius] kal T@OV
NAatwvik@v EEnynTiv aOT® yeyeviobat Aapdokiog Gvoaypd@el, kal TG OUVTAEEWSG TV
aotpovopik@v IItoAepaiov BBAiwv.

75 In Cael., 462.20-30 Heiberg: £neidr| 8¢ kai O Npuétepog KaONYERWV Appdviog ELod TapdvTog
év Ti] AdeEavBpeig Tprioag S1a Tod oTepeod &oTPOAdBOL TOV ApkTODPOV MUPE TPOG TRV KAT
[toAepaiov €noxny adToD Too0DTOV EMKIVNOLVTA, GO0V EXPIV KaTA EKaTOV &N Hiav poipav
GVTIKIVOVHEVOV.

76 émel 8¢ 10 o ITTohopaiov (sic) kavoviov kai T6 T00 Appwviov kal TGOV AM@V TOAXQV ... &
Te yap ITtohopaiog Toig &mo tod Naovyoddvooop Eteotv Expricato Kai pnotv Alyumntiokoig 6 8¢
ve ©¢wv kat HpdkAelog [immo Stephanus, see infra] kal 6 Appwviog Toig o0 AinTov Kal unotv
Abyurttiakoig ol 8¢ vedtepol Toig TV Ilepotk@v Nyepévwy kal Toig Tapaknvikoig £teot. Edition
(by F. Cumont) of the passage in Kroll/Olivieri 1900, 182.12-20, discussion in Tihon 1976, 178-179.
77 De usu astrolabii, in Hase 1839, 129.5-11: v év 1@ GoTpoAdfw Tig Emupaveiag Tig opaipag
EEAMAWOLY, Kal TV &V DT KATAYEYPAUPEVWY TAG alTiag, TV Te Xpeiav avTod eig mooa Te Kal
TIola KABEOTIKE XPIOIHOG, WG &V 016G TE @ GaPMS EKBeTVaL Telphoopat, fidNn P&V ikavig Appwviy
@\0COQW, TO MUAV S18aoKkdAw, E0Tovdacpevny, TAciovog 8¢ Gpwg Seopévny capnveiag, wg &v
kal T0TG pr| Tadta nenadevpévolg eDANTTOg yévorto.
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Eutocius shows himself well at home with Alm. and its commentaries’®; most
notably, he mentions, in his commentary in Conica, his own non-inductive treat-
ment of the theory of compound ratios, developed in oyoAia to Alm. 17°.

Between May and August 564, Olympiodorus held classes on Paul of Alexan-
dria’s eloaywyr); we read a redaction of these lecture notes in incomplete form®°.
Other passages in Olympiodorus’ Aristotelian commentaries show that he had
remarkable astronomic skills®!.

Stephanus of Alexandria, if we accept to identify him with a number of other
homonymous scholars circulating between the end of the VI* and beginning of
the VII™ century (Wolska-Conus 1989), wrote ca. 619, in Constantinople, a com-
mentary in Can.®? duplicating Theon’s “Little Commentary” but adapting it to the
Byzantine world®®. He also gave classes on several Aristotelian treatises (Int., de
An. 3, the redactions of which are extant, Cat., and APr.); he may have written a
tract on arithmetical matters® and, again if the identification is reliable, commen-
taries on Hippocrates and Galen. He taught first in Alexandria and then moved to
Constantinople, where he became oikoupevikog 8i18dokahog, perhaps under the
emperor Heraclius (regn. 610—641) — whose name is also attached to Stephanus’
in Can. — and definitely before 617 (Alexandria seized by the Persians).

The issue of the exact scholarly circles in which Prol. was redacted is not
settled by this quite scanty evidence, but I would surmise that in Prol. we read the
beginning of Ammonius’ lecture notes on Alm. If we accept this, and the recon-

78 Archimedis opera omnia 3.260.1-5 (gl 8¢ TG OAwG €BOVAETO €ig EAATTOV AVTO KATAYQYELY,
£Xpiiv TOTG €v TR padnuatikf] ouvtaEel KAavdiov Itolepaiov eipnuévolg dkoAovboivta S1d T@v
HOP@V Kol ATV Kol TV &V TQ KOKAW EVBEIDV TODTO TIOLETY, Kol TieMOKewy av £yw ToiTo) and
3.232.13-17 (6nwg 8¢ Bl auveyyug TV duvapévny mAevpav TOV SoBevta GplOpov evpely, lpntat
pév “Hpwvt év Tolg peTpikoig, eipntat 8¢ Moy kal O¢wvt kal £TEpoLg Aeioowv EEnyovpévolg Ty
peydAnv ovvta&v Tod KAawdiov IItoAepaiov).

79 Apollonii Pergaei quae graece exstant 2.218.6—12: el 8¢ EMOKTIKWTEPOV PHEAAOV KAl OV KATK
TOV &vaykoTov TPOToV DIIO TV VIOUVNUATIOTAV EAéyeTo, EQNTrioapey aOTO Kal yéypamTal &v
Tolg £k8edopévolg MUV eig TO TétapTov Bewpnpa Tob devtépou PiBAiov TV Apyxridoug mepl
o@aipag kal kKuAivBpov kai £v Toig ayoliolg Tod pwTov BBAiov TAG ITToAepaiov CUVTEEEWS.

80 Edition in Boer 1962, attribution and discussion in Westerink 1971.

81 See for instance in Mete. 19.20-20.3, 52.24-53.2, 68.20-27, 72.14-16, 188.34-189.10, 261.34—
262.13 Stiive. This commentary was redacted after 565.

82 See Lempire 2011 (analytic study and discussion of the attribution issues, with overview of
the other writings ascribed to Stephanus) and 2014 (edition of the text). Stephanus’ text contains
some additions (chapters 1 and 28-30), whose author is the emperor Heraclius.

83 That is, by changing latitude (the tables were recalculated for the latitude of Byzantium,
taken as the arithmetic mean of the 5™ and of the 6 klima) and by resorting to Julian months.
84 [Philoponus] (immo Stephanus of Alexandria) in de An. 3.1 457.24-25 Hayduck: o08¢ ydp éottv
T HOVGG APOROG, G GmodedeikTat &V TOTlG GPLOUNTIKOIG AdyoLg.
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struction of the ancestors of Vat. gr. 1594 given above, the model of Vat. gr. 1594
must have passed from Alexandria to Constantinople between the end of the VI
century and the mid IX" century, and we cannot help thinking of Stephanus of
Alexandria as the likely vector®>. This model was available for some decades after
its arrival in Constantinople (copying of Marc. gr. 313).

2.3 The so-called “little astronomy”

The “little astronomy” is a set of nine short treatises of astronomical content
transmitted and studied as a collection at least since the late Roman period. It
was intended as an introductory resource to the highly refined mathematical
astronomy in Alm., and the denomination pPkpOG GOTPOVOUOUHEVOG <TOTOGS®
may well have been created in Late Antiquity in opposition to the parallel denom-
ination of Ptolemy’s magnum opus®. As for the transmission, the best witness of

85 See Rashed 2002, 717, for the same hypothesis applied to Marc. gr. 226.

86 One occurrence of this designation can be read in the subscription of Coll. 6 [Vat. gr. 218,
f. 118r, by the first hand (X™ century in.), in majuscule]: II&nmov &Ae&avdpéws cuvaywyng ¢
TIEPLEXEL BE TV €V T@L JUKPDL ACTPOVOUOUHEVWL BEwPNUETWY Ardpwv AOELG; it is preliminarily
introduced as a first-hand scholium in majuscule at f. 87v: iepiéxel 10 ¢ T@Vv &mmov amopiv
NOELG TOV €V TOL Likp@L doTpovopovpévwt; we will read infra two other occurrences of this de-
nomination: one in Pappus, Coll. 6.1, and one in Prol.

87 Magnum «opus> is exactly what Almagest means, by intermediation of the Latin translitera-
tion of the Arabic transliteration and nominalization al-mgsti, coming in its turn from 1| peyiotn
«oVvtaélo (Kunitzsch 1974, 115-125), a designation attested in Greek only in Simeon Seth (second
half of the XI*" century), Util. corp. 2.110. Even the positive-degree qualification peydAn appears to
be a late addition to the title. One repeatedly finds it in Prol., written as we have seen in Neopla-
tonic circles no earlier than the VI century, and in Eutocius (Archimedis opera omnia 3.232.16—
17), who also mentions the title without the adjective (paBnpatikn oVvTa&Lg ibid. 260.2). The only
occurrences in Aristotelian commentators are in Asclepius, in Metaph. 359.32 Hayduck, and Mi-
chael of Ephesus, in EN, 582.9 Heylbut. In its entry on Ptolemy, the Suda calls the Almagest péyog
GOTPOVOOG FiToL oUVTagL but, in the entry on Pappus, mentions his commentary on the peydin
oVvTaélS (3033, 4.254.7-8, and 1 265, 4.26.6 Adler, respectively). Before these very late sources,
neither Pappus nor Theon nor, before them, a fragment of an anonymous commentary in Alm.
written ca. 213 (Jones 1990), nor, after them, Proclus, either in the Hypotyposis or elsewhere,
add the adjective. In these authors, the most frequent title is simply ocUvtaéig. On the basis of
the self-citations within Alm., of the titles and subscriptions in the manuscripts and of two cita-
tions in Pappus, Coll. 8.18 and 8.46 (Hultsch 1876-1878, 1058.13-14 and 1106.14, respectively),
Heiberg argues that the primary denomination was podnpatikd, to which Ptolemy himself adds
ovvtaélg in order to identify the genre of literary product of which Alm. is a species: the result is
padnpatikn ovvtaglg, which in fact simply means “mathematical work” [Ptolemaei opera omnia
2.CXL-CXLIL The inscriptions mentioning only the paOnuatikd are, with indication of the com-
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this collection is Vat. gr. 204, in which it is presented in the form of a well-ordered

sylloge: the ordering principle is that of decreasing degree of abstraction. Thus

the manuscript contains®®:

1) (ff. 1r-37v) Theodosius, Sphaerica 1-3 (henceforth Sph.) with scholia.

2) (ff. 38r-43v) Autolycus, De sphaera mota (Sph. mota) with scholia.

3) (ff. 43v-59r) Euclid, Optica (Opt.) recension B with scholia.

4) (ff. 59r-77v) Euclid, Phaenomena (Phaen.) recension b with scholia®.

5) (ff. 77v—83v) Theodosius, De habitationibus (Hab.) with scholia.

6) (ff. 84r-109v) Theodosius, De diebus et noctibus 1-2 (Dieb.) with scholia.

7) (ff. 109v-118v) Aristarchus, De magnitudinibus et distantiis solis et lunae
(Magn.) with scholia.

8) (ff. 119r-133r) Autolycus, De ortibus et occasibus 1-2 (Ort.) with scholia.

9) (ff. 133v-135v) Hypsicles, Anaphoricus (Anaph.) with scholia.

10) (ff. 136r-145r) Euclid, Catoptrica (Catoptr.) with scholia; f. 145v is left blank;
from f. 145r on, the main copyist starts a fresh numbering of the quires (from
a'to Q).

11) (ff. 146r-173r) Eutocius, in Conica.

12) (ff. 173v-194v) Euclid, Data with scholia; it is followed by a collection of
scholia to Data (ff. 194v-195v).

13) (ff. 196r-198r) Marinus, Prolegomena in Data; f. 198v is blank; the 25" quire, a
ternion, ends here; this is the only quire of the codex that is not a quaternion.

14) (ff. 199r-206v) Scholia in EL: it is collection 5) of section 2.1 supra.

binations of manuscripts containing them, at Ptolemaei opera omnia 1.1.85.19, 190.15 (ABCG);
1.1.459.5, 1.2.105.21, 204.15, 358.17, 448.9 (ACDG); 1.2.294.17 (CDG); 1.2.522.16 (ADG); 1.2.106.2 (AG);
1.1.546.20, 1.2.1.1 (CG); 1.1.86.1, 189.6 (D); 1.1.263.21, 264.1, 348.6, 1.2.295.1 (DG). To this list should
be added the titles of the two extant books of Pappus in Alm.: €ig 10 népmtov (¢) T@v KAavdiov
[TtoAepaiov padnuatik@v oxoAlov; again Pappus begins his exposition by referring 1@ tetéptw
(€") BBAiw T@V pabnpoTik®v (Rome 1931-1943, 1.2-3 and 171.2-3)]. Starting from this denomina-
tion, the passage to ovvta&lg would have been the natural outcome of the action of metonymy
and antonomasia (“qui deinde in sermone neglegentiore scholae Alexandrinae detruncatus in
Zuvtaélg abiit” writes Heiberg), and after that a further step would have led to peyiotn (ueydin)
ovvtaéLs. Since the dialectic in the denominations “little astronomy” and “Almagest” appears to
begin with Prol. (the subscription of Coll. 6 cannot be authentic with Pappus), I would surmise
that it was introduced in Neoplatonic circles, as a parallel to the grading between the “little” and
the “great” mysteries of philosophy (= Plato and Aristotle, respectively).

88 On Vat. gr. 204 see most recently Acerbi 2012.

89 As we have seen in section 2.1 supra, the main witness of recensions A and a of these Euclid-
ean writings is Vindob. phil. gr. 31.
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It is quite obvious that in this codex there is more material than can reasonably
be called “little astronomy”; the problem resides in where to put the cut-off. Only
with regard to the presence of Catoptr. do the codicological and technical answers
not coincide; I will exclude it and not pursue the point any further, but note that
the latest-dated author involved is Theodosius, to be dated to the early I*t century
BCE. The other main witnesses of the collection, usually (that is, for each trea-
tise involved) independent of Vat. gr. 204, are Vat. gr. 191, 202, 203°°, and Paris.
gr. 2364°%, 2390%%, and 2448%. If in Vat. gr. 204 the ordering principle is that of
decreasing degree of abstraction, these manuscripts adopt disparate criteria. Vat.
gr. 191 has all the treatises but the order is (approximately) by author: Euclid, The-
odosius, Aristarchus, Autolycus Ort., Hypsicles, Autolycus Sph. mota. Vat. gr. 202
adopts the same ordering as Vat. gr. 204 but omits Catoptr. Vat. gr. 203 omits the
Euclidean writings and presents what remains by author: Theodosius, Autolycus,
Hypsicles, Aristarchus; Paris. gr 2364 does the same but permutes Aristarchus
and Hypsicles.

The “little astronomy” was constituted as a resource for the study of astron-
omy as early as the Roman period. Two main pieces of evidence corroborate this
view. The first is contained in a commentary by Galen on the Hippocratean Air
waters and places transmitted in an Arabic translation only®. In the text, Galen

90 These three codices can be assigned to the XIII" century ex. On the first, a huge collection
written by 16 copyists between 1296 and 1298, see now Bianconi 2004, 324-333; to one of these
copyists we also owe the second part (ff. 56-98) of Vat. gr. 203.

91 This manuscript of the XV century ex.—-XVI™® century in. contains, in this order, Sph., Hab.,
Dieb., Sph. mota, Ort., Magn., Anaph. It bears a possession note, dated 1508, of Andreas Coner. See
Mogenet 1950, 86—88, Noack 1992, 277-288 and 298-303, Czinczenheim 2000, 236-237, 519-530.
92 This manuscript of the XIII* century ex. contains Prol., Alm., Ptolemy, Pseph., excerpta ex
Theone in Can., Hyp. 1, Phas., Judic., Theon, in Alm. 1-2, Sph., Sph. mota, Opt. B. Vat. gr. 191, 202,
203, and Paris. gr. 2390 usually admit a common model.

93 Paris. gr. 2448 (XIV™" century in.) is an interesting manuscript, still in need of a detailed study
(but see Mogenet 1950, 65-67, Czinczenheim 2000, 239-241, and Riedlberger 2013, 101-102): the
peculiar choice of writings there included [(pseudo-)Michael Psellus, varia, Data, Archimedes,
Problema bovinum, Catoptr., Diophanes and other metrological material (= Geom. 22), Domni-
nus, Ratio, Sph. mota, Sph., scholia in Data] is made even more peculiar by the fact that most
of them are presented in Byzantine (?) recensions not attested elsewhere (the variants to Data,
Catoptr., Ratio, Sph. mota, Sph. are listed at Euclidis opera omnia 6. XXVI-XXX, 7.XLVI-XLVIII,
Riedlberger 2013, app., Mogenet 1950, app. and 283-284, Czinczenheim 2000, 241-258 and app.).
94 To this should be added a far less explicit passage in Galen’s De animi cuiuslibet peccatorum
dignotione et medela: €moTrun YOOV £0TL TOD YEWHETPIKOD TOLoTn TiEpl Ta SedIBarypéva S Twv
oToteiwv, omola T@V MOAADY £07TL ToD T& 8ig 8o TETTap gival. TRV 8’ abTiv EmoTAuNY &xel kal
Tiepl TV £QPEETG TOVTOLG SIBATKOUEVWY TPALPIKDY BEWPNUATWY, DOTIEP YE KAl TAV KAT aUTX
AVOAVOUEVWY KITAVTWY, £TL TE TOV KWVIK@V Kol TOV YVWHOVIK@V (5.59.12-60.3 Kiihn).
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attacks the Roman astrologers on account of their unsatisfactory technical back-
ground:

As for geometry, most of [them] have learned it and know it ... only in abridgment. ... tSome
of them have learned only the thirteen Elements which Euclid composed ... analytics for
geometry, and it is the division of number ... and that book is called “Dedomena”, and it
is the Data.t Some of them have learned the science of the motion of the sphere and the
science of the appearances of the stars and the science of the inhabited earth and the
science of night and day. But few of them know the science of geometry in its entirety, and
few of them have studied the figures of ellipse and cone. (Toomer 1985, 199)

There is no doubt that the astronomical treatises alluded to by Galen are Sph.
mota, Phaen., Hab. and Dieb. One must conclude that they formed a part, in Rome
and in the second half of the II™ century, of a middle-to-high level technical cur-
riculum.

The second piece of evidence is the entire book 6 of Pappus’ Collectio. This
amounts to a series of lemmas, alternative proofs, corrections, supplements to
some of the treatises of the “little astronomy”, according to the following progres-
sion: Sph. (Coll. 6.2-32), Sph. mota (6.33-47), Dieb. (6.48-68), Magn. (6.69-79),
Opt. (6.80-103), Phaen. (6.104-130). In his introduction to the corpus, Pappus
states that this formed part of teaching activity and that the exegetic material he
is about to present will be developed in opposition to a firmly established tradi-
tion®.

95 Read Coll. 6.1: TOMoOl T@V TOV AOTPOVOHOVHEVOV TOTOV SI8ACKOVTWY AUEAESTEPOV TWV
TIPOTAOEWV GKOVOVTEG T HEV TIPOOTIOEATIV WG &vayKala, TG §& TIAPAAEITOVaLV WG OVK AVAYKAIX ...
v ExaoTov émbei&opev fels. Pappus’ exegesis is in fact highly selective. After a long series of
preliminary results, only two theorems of Sph. are discussed, namely, 3.5 and 3.6 (in Coll. 6.2-12
and 13-32, respectively). With Sph. mota Pappus adopts another strategy: he states a general
exegetic principle (to determine the position of the great circles studied in each theorem) and
lists, summarily and in this perspective — but mentioning one by one all propositions — the con-
tent of the treatise (6.33-44); he then passes on to prove what is omitted in prop. 1 (6.45-47). As
for Dieb., Pappus has a polemical target: to show that all preceding interpreters were mistaken
when proposing an extension of the result of prop. 1.4. Pappus aptly qualifies his own extension
(in fact a correct one) as being dotpovopkoTata (6.49), and seizes the opportunity for a digres-
sion on correlated magnitudes that increase or decrease without limits (6.57-61). Aristarchus’
treatise is mentioned only in connection with arguments involving authorities like Hipparchus
and Ptolemy, that focus on the six preliminary “hypotheses” (6.69-73); a lemma follows, chosen
among those handed down by the exegetic tradition, to prop. 4. Opt. deserves a specific treat-
ment. In 6.80-97 Pappus rewrites (or writes) the proof of what we now read as Opt. 34-36 A
= 34-37 B. In the same way, Pappus regarded as unclear the status of the enunciation opening
Coll. 6.80, which coincides with a part of the enunciation of Opt. 35 A = 36 B. Therefore, Pappus’
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A third piece of evidence opens further perspectives. In the middle of the
long exposition on isoperimetric figures contained in Prol., of a crucial lemma it
is said that 8édektan pev OEwvi v TG DTIOPVANKTL TOD PKPOD AoTPOVOpoL®e., This
lemma has been transmitted by several sources®: Opt. 8 A; Opt. 8 B; Theon, in
Alm. 1.3; scholium to Sph. 3.11 (sch. 450, see infra); a scholium to Pappus, Coll. 5.4.
Contrary to the author of Prol. and Theon, Pappus did not prove the lemma, but
included a mention of it followed by the clause ToDTO yop &€V TOIG €I T& OQAPIKA
Appaoty 8¢dewtal (Hultsch 1876-1878, 310.5-6). This prompted the need to
supply the proof in a scholium. Insofar as Theon’s proof is concerned, it might
coincide with the scholium to Sph., extracted from his UtOpVN Q.

We may go a step further in this argument, and suppose that Theon’s
vmopvnua, whose existence is attested only in the above clause of Prol., was not a
text with a discursive approach as his in Alm., but rather the passive receptacle of
a long exegetic tradition (cf. Pappus’ statement about a supply of “lemmas to the
Spherics”®®). The content of such a “commentary” could have ranged from precise
remarks to lemmatic material to more structured digressions, very much in the
style of Pappus’ Coll. 6 and 7. The formation of the “little astronomy” as a self-
contained codicological unit, transmitted in a well-structured form in Vat. gr. 204
(a factual datum often neglected in the discussions on the argument: whoever
placed Sph. at the beginning must have noticed the results of spherical geometry
“presupposed” in Autolycus or in Phaen.), may have represented an opportunity
for “distributing” Theon’s UOpVNUQ, either in the margins of or within the main
text, in one or more of a number of different ways:

1) as specific scholia, by the same mechanism seen at work in section 2.2 supra
in the case of Theon in Alm. (these scholia have a more complex structure in
Opt. B and Phaen. b than in the recensions attested in Vindob. phil. gr. 31,
which does not contain the “little astronomy™);

exegesis has heavily interfered with the text of both recensions of Opt. In Coll. 6.98-103 Pappus
finally proves a result that is a supplement to the Euclidean exposition. Similarly, in the case of
Phaen., and in fact to a greater extent, Pappus’ exegesis has heavily interfered with the text of
both recensions, particularly in the case of props. 2, 12, and 13.

96 See Acerbi/Vinel/Vitrac 2010, 121.19; the text of the lemma is ibid. 121.18-122.5; a comparative
tabular set-up of all versions is provided ibid. 177-179; the lemma was first discussed in Knorr
1985.

97 These texts are edited in Euclidis opera omnia 7.14.1-16.5 and 7.164.1-166.2; Rome 1931-1943,
358.1-11; Heiberg 1927a, 195.21-196.22 = Czinczenheim 2000, 435.1-20; Hultsch 1876-1878, 1167.5—
23, respectively.

98 This might well be a generic designation of all geometric material pertaining to spherical
astronomy.
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2) as short prefaces aimed at justifying some of the assumptions or focusing on
lexical issues (Opt. B, Phaen., both recensions)®®;

3) as adjustments in the definitions: all “abstract” definitions pertaining to
the geometry of a sphere are given at the beginning of Sph.; they are never
repeated in the sequel, even if some of the treatises, when taken in isolation,
had required them'??; the definitions of koopov meplaTPOPiig YPOVOG and of
EEaM\ayn| pavepod fpuo@atpiov can be found as scholia to Phaen. 14 and 15 b
(and, by collation, in the main text in a) but among the definitions in Dieb. 1;
a scholium supplies the crucial definition of oiknoig in Hab.;

4) as alternative proofs (Sph. mota 2*°*, Phaen. 6, 12, 14, 15 b, recension a carry-
ing no alternative proofs'®?);

5) as arewriting of some propositions (Opt. B, Phaen. b'®%);

99 The two prefaces are edited in Euclidis opera omnia 7.144.1-154.2 and 8.2.1-10.10, respectively.
100 Paris. gr. 2448 (which does not contain the entire “little astronomy”) and the Arabo-Latin
tradition of Sph. mota have this treatise preceded by the definitions of “axis” and “poles” of a
sphere, which are also to be found with identical wording (and taking into account an obvious
scribal omission) at the beginning of Sph.

101 But it appears that the order of composition must be inverted: the first proof was intended to
replace the flawed alternative proof.

102 The proof of prop. 12 b aliter is almost identical with the proof of 12 a (some additions ex-
cluded); that of 14 b aliter is only partly so. The sets of scholia attached to the two recensions are
almost disjoint, even though the Vienna codex, whose text ends abruptly at the beginning of
prop. 16 (the treatise has 18 propositions), was collated with Vat. gr. 204 from prop. 9 onwards,
exactly where the two recensions start to diverge. The diagrams of the two recensions are often
different and those of the Vienna codex are particularly flawed. Lemma 13/14 can be found in the
main text in a but as a scholium (sch. 107) in b; on the other hand, Vat. gr. 204 has four scholia
in the text, to props. 12 (sch. 102, preceded by the indication £k niepiogod, of the first hand and
in Auszeichnungsmajuskel) and 14 aliter (sch. 127-129, again accompanied by the indication éx
nieploood; the order in Vat. gr. 204 is props. 12, sch. 102, 12 aliter, 13, 14, 15, sch. 127-129, 14 aliter,
15 aliter), that do not feature in a, either in the text or among the scholia. As for Opt., the opposite
phenomenon occurs: Opt. A contains alternative proofs to props. 22 (bis), 28, 42, 44, 54 (bis), all
almost identical with the corresponding propositions in recension B, Opt. B has none: one must
conclude that recension A was collated with recension B.

103 See the preceding footnote. It has been suggested that Ort. 2 was conceivably a rewriting
of Ort. 1 (Neugebauer 1975, 751 and references therein), but we have no reason to think that this
(supposed) second version was one of the outcomes of the scholarly activity that eventually re-
sulted in the formation of the “little astronomy”.
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The scholia to the treatises of the “little astronomy” have been edited in modern
times along with the main texts'®*. The task of analysing them is arduous, since
these editions list all scholia propositionwise without partitioning them between
manuscripts and hands therein: therefore, the critical apparatus has to be
checked every time in order to retreive such pieces of information. What is more,
and in contrast to Alm., it may well be that we read what was in origin a single
scholiastic corpus scattered as manifold subcorpora among the several independ-
ent witnesses of the “little astronomy” (as evidence that this phenomenon is
likely to occur, suffice it to recall the numbered scholia in Vat. gr. 1594 and the
selective collection in Vat. gr. 184). With this proviso, let us nevertheless take a
preliminary look at the scholia to the several treatises of the “little astronomy”,
focusing on explicit metadiscursive marks of scholarly activity. I will retain only
the scholia written by the main copyist in any of the manuscripts listed at the
beginning of this section and organize them in the following typology, where the
numbers (possibly preceded by sch.) coincide with those assigned to the scholia
in the editions mentioned in the previous footnote'®,

e Mentions of exegetic authorities: Sph. 2 (Theon), Sph. mota /, Opt. B 65
(Hero)'¢, Phaen. b /, Hab. /, Dieb. |, Magn. /, Ort. [, Anaph. /.

e Mentions of exegetic enterprises: Sph. 348 (reference, worded in the first
person, to a proof given in 2.11 81& Tob mpoAnpupaTtiov), 416 (referred to by
Pappus and Eutocius)'®’, 450 (see above), Sph. mota 36, Opt. B 84, Phaen. b /,
Hab. 29, 33, 56, Dieb. 19, 81, 83, Magn. 55 (BEATIOV WG £V TG VTOUVIHUATL AV T
yap kal 0 IIToAepaiog éxprioaro), Ort. 134, Anaph. /.

104 Czinczenheim 2000, 384-439 (Sph.; see also Heiberg 1927a, 166-199), Mogenet 1950,
259-282 (Sph. mota, Ort.), Euclidis opera omnia 7.125-141, 7.251-284, and 8.134-156 (Opt. A, B,
and Phaen., respectively), Fecht 1927, 44-52 and 156-176 (Hab. and Dieb.), Fortia d’Urban 1810,
90-198 (who, however, only resorted to manuscripts in Paris, with special attention to Paris. gr.
2342 and 2488), and Noack 1992, 67-82 and 345-380, who redacted a detailed check-list of the
scholia edited by Fortia d’'Urban keyed to all manuscripts, and edited those left out by d’Urban,
while giving an advance overview for Magn. (on 346-351) of a part of the task I am about to
undertake for the entire “little astronomy” (both Magn.), De Falco/Krause 1966, 41-45 (Anaph.).
105 The numbering of the scholia to Magn. is that established in Noack 1992, 72-79.

106 The scholium asserts that Hero addressed in a well-structured discursive form (verbal form
Slapbpoi) the issue of the stability of inequality of ratios under the standard operations on ra-
tios (alternando, componendo, dividendo, etc.; the stability of identity of ratios under the same
manipulations is the gist of EL 5); this subject is touched on in Pappus, Coll. 3.15-18 and 7.45-53.
107 Pappus, Coll. 5.12 (Hultsch 18761878, 338.13: Afjppa opaiptk®@v) and in Alm. 6 (Rome 1931-
1943, 257.16: AMijppa o@aipikov); Eutocius, in Aequil. (Archimedis opera omnia 3.270.25-28: 81& T@V
v Q) &pxii ToD Sekdtov TG oToElWoewg EVkAeiSou eipnuévav kal &v @ Tpitw TV Ocwdoaiov
OPALPIKODV).
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e References to canonical texts: Sph., 53 items to EL'°8, Sph. mota 17, 38 (EL
11.14, 11.19, respectively), Opt. B 68 (1.4 and 1.18 of Euclid’s oteped = EL. 11.4
and 11.18), 69 (enunciation of a theorem found v Toig oTepe0ic, not attested
in EL), 83 (3.34 of Euclid’s éninedov = El. 3.34)'°°, Phaen. b /, Hab. 27 (1.19
of Euclid’s oteped = EL 11.19), Dieb. /, Magn. 3 (generic to Opt., immo Opt.
22), 3 (Alm. 5.#, immo 5.14), 8, 11, 12 (EL 3.16 porism, 3.17, 3.18, respectively),
20 (3.# of Euclid’s éninedov, immo EL 3.7), 21 (10 mapatéAevtov 100 Y TV
srumnédwyv, immo El. 3.36), 22 (EL. 3.8), 44 (converse of a definition of Euclid,
immo EL. 1.def.15), 45 (generic to Alm., immo Alm. 5.16), 48 (EL 6.#, immo 6.1),
55 (generic to Ptolemy, immo Alm. 1.10), 60 (generic to Alm., immo Alm. 5.16),
62 (8.# of Euclid’s apOpntika, immo EL 8.12), 63 (among the definitions of
Euclid’s éninedov, immo El. 5.def.10), 64 (the last proposition of book 2 of
Euclid’s otepe&, immo EL 12.18), Ort. /, Anaph. /.

e References (mostly mapaypaeai) to other (in fact only previous) treatises in
the “little astronomy”: Sph. /, Sph. mota 1, 3, 4, 6, 8, 43, 44, 47, 51, 52, 59 (Sph.
1.1 and 1.6, 1.8, 2.2, 2.10, 2.10, 2.13, 2.2, 2.20, 2.5, 3.3, 1.7, respectively), Opt. B
20, 39 (Sph. 3.4 and 1.1, respectively), Phaen. b 18 (Sph. mota 12), 21 (by the
definition of Opt.), 33 (Sph. mota 10), 37, 41, 43, 57, 61, 82, 83 (Sph. 2.9, 2.5, 2.4,
2.13, 2.13, 2.17, 2.18, respectively)''°, Hab. 6 (beginning of the enunciation of
Sph. 2.5), 9 (Sph. mota 4), 10 (Sph. mota 5), 22 (Sph. 2.3), 23 (Sph. mota 8), 31
(Sph. 2.13), Dieb. 5 (Phaen. 18), 10 (Sph. 2.12), 13 (Sph. 2.9), 37, 38, 39, 53, 55,
59, 60 (Phaen. 18, 15, T0 TeAevTaiov &V TOIG atvopevolg immo 18, generic to
Phaen. immo 12, 12, 17, 17, respectively), 61 (Sph. 2.13), 63 (Sph. 2.20), 89 (81&
10 EVkAeibov, immo Phaen. 14), Magn. 7, 42 (Sph. 1.1 and 1.7, respectively), Ort.
85, 86, 113, 138 (all Sph. mota 9), 141 (Phaen. 4), 142 (Sph. mota 9), 153, 155
(Phaen. 13 and 12, respectively), Anaph. 19, 21, 21a, 28, 29 (Phaen. 11, 13, 11, 12
PO T® TéAEL, 11, respectively).

108 Namely, sch. 3, 5, 9, 10, 15, 16, 17, 18, 20, 21, 22, 25, 26, 27, 37, 47, 65, 70, 74, 77, 80, 90, 97, 103, 111,
125, 131 (ad sch. 130), 137, 143, 145, 157, 176, 178, 180, 181, 186 (attested elsewhere as EL 11.38 vulgo),
241 (11.16 of Euclid’s oteped), 267, 269 (definition of the kAiotg of two planes = El. 11.def.6), 270 (def-
initions of Euclid’s ateped), 300, 301, 316, 319, 340, 351, 374, 382 (ad sch. 381), 422, 440, 442, 454.
109 To these should be added the following first-hand nopaypagai in Vat. gr. 204, which Heiberg
did not edit among the scholia: to (the converse) of 11.def.# and to EL 6.7 (both f. 53r; the former
also f. 54v), to the porism of 3.34 of Euclid’s éninedov (f. 571).

110 To these should be added a number of first-hand moapaypa@ai in Vat. gr. 204 that Menge
did not edit among the scholia (note also that Menge misassigned many scholia): to Sph. 2.19
(just after sch. 37), to Sph. mota 1, 7, 11 [ff. 62r (bis), 64r1], to Sph. 2.5 and 2.9 (f. 64v, as scholia to
sch. 76), 3.7, 2.20, 2.13 and 3.8 (within the same clause), 2.17, 2.18, 3.3, 3.8, 2.17, 2.18, 3.3, 2.17, 2.19,
[ff. 651, 661, 67V(bis), 68r (ter), 701, 70v(ter), 76r(bis)].
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e References (mostly mapaypaeai) internal to a treatise: Sph., 117 items"?, Sph.
mota /, Opt. B 30, 31, 32, 49, 51, 852, Phaen. b 87, 115, 1173, Hab. 45, 53, 54,
Dieb. 22, 33, 34, 73, 77, 100 (to lemma 2.9/10, which this scholium shows to
be spurious), Magn. 24, 39, 41, 43, 61, 101, 108, 109, 111, 115, 118, 121, 130, 132,
133, Ort. 76, 110, 111, 124, 126, 127, 131, 158, 191, 1934, 194, 202, 203, 210", 2,
Anaph. 18, 21b, 24, 27.

e References to scholia to other (previous) treatises in the “little astronomy”:
Sph. 81016 oX6Aov oD ¢ and amo Tod axoiov Tod év T { (. 751), Sph. mota /,
Opt. B 22 (¢v 1 1 Bewpripatt ToD y' BPAIOV TOV 0@atpik@v eVprioelg EEwbev
ox0Aov 6 oupBaleital ool ig TRV mapodoav SeiEwv), Phaen. b /, Hab. /, Dieb.
12, 23 (both to a scholium to Phaen. 7, immo sch. 76), Magn. /, Ort. [, Anaph. /.

e References to other scholia to the same treatise: Sph. /, Sph. mota /, Opt. B
[, Phaen. b /, Hab. 41, Dieb. 90, 97, Magn., 27 (a scholium in majuscule to a
far longer scholium in minuscule, namely, sch. 36), 54 (to sch. 32), 66 (to sch.
25), 70 [from a porism mapakeipevov to a lemma (immo sch. 55) to theorem 5
(immo 7)], 88 (to sch. 89), 96 (to sch. 92), 105, 110 (both to sch. 96), 114 (to sch.
106), 117 (to sch. 96), 118 (to sch. 117), 122 (to sch. 96), 123 (to sch. 126), Ort. /,
Anaph. 2, 6,7, 11.

e References to the state of the text: Sph. 121 (Sph. 1.22-23 are absent in some
manuscripts), 127 (some interchange 2.1 and 2.2), 314 (appropriate location
of 3.1 and 3.2), Sph. mota /, Opt. B 21 [on an alternative form of prop. 7 (immo
Opt. 7 A) to be found &v Tiot T@WV Avtypd@wv], 28 (T (' &v GAAw oTwC), 84
(alternative proof of prop. 50), 85 (alternative proof of prop. 52), Phaen. b 89,

111 Namely, sch. 8, 24, 56, 58, 66, 67, 69, 71, 72, 73, 75, 76, 79, 84, 99, 106, 108, 117, 132 (ad sch. 130),
133 (ad sch. 130), 135, 136, 142, 144, 148, 150, 151, 154, 155, 156, 158, 160, 163, 166, 168, 170, 172, 173,
175, 177, 179, 195, 199, 200, 203, 205, 208, 209, 212, 213, 215, 216, 221, 223, 228, 231, 233, 234, 238,
240, 246, 248, 257, 258, 261, 266, 272, 275, 280, 281, 282, 283, 284, 293, 298, 302, 306, 312, 363, 365,
372, 373, 383 (ad sch. 381), 384, 385, 386, 390, 391, 392, 395, 396, 397, 402, 409, 410, 411, 413, 417
(reference to a theorem case by means of the term kataypaen), 420, 424 (as in sch. 417), 426, 431
(as in sch. 417), 434, 438, 439, 457, 462, 464, 465, 466, 467, 469, 470, 471, 473, 475.

112 To these should be added the following first-hand napaypagai in Vat. gr. 204, which Heiberg
did not edit among the scholia: to prop. 31 (f. 52r), to (the converse of) the definition (f. 53r).

113 To these should be added a number of first-hand napaypagat in Vat. gr. 204 that Menge did
not edit among the scholia: to props. 12 (f. 71r), 14 aliter (f. 75r), 1 and 12 (f. 751, scholia to lemma
13/14, that Vat. gr. 204 has in the margins), 11 (£. 761), 14 (£. 76v).

114 In sch. 191and 193, Ort. itself is referred to “from outside”, by mention of the title (the scholia
are in book 2 but refer to prop. 1.10).

115 I transcribe this funny scholium, apposed in Vat. gr. 202: pa 6 &Gvayvwokwv T oxOAL WG
CaQWTATA Kal CLUVEPYQ €1G TV YVDOIV TOD OEWpPHHOTOG.
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102116, 10417, 106, 113, 1148, 1211*°, 127, 128, 129'2°, Hab. /, Dieb. /, Magn. /,
Ort. [, Anaph. /.

e Indication of mistakes in the text or in the diagram: Sph. 294, 315, 366 (text,
all)*®', Sph. mota [, Opt. B /, Phaen. b /, Hab. /, Dieb. |/, Magn. 83 (diagram),
Ort. 83, 146 (text, both), Anaph. 17 (diagram), 22 (text).

As for the scholia to some of the treatises, we may single out the following notable
features. In Sph. mota 36, reference to results that mpodédeiktal Toig Eplotdat
Kal v Tfj € B¢oel Tob mapdvtog PiBAiov. In Opt. B 84, it is said that a theorem
(a quadrilateral whose opposite angles make two right angles is inscribed in a
circle) 8¢8ewktar &v T@ vopvrpatt. In Hab., sch. 1 supplies the crucial definition
of olknotg; sch. 29, 33, 56 refer to proofs to be found in a commentary: wg év @
vmopvnpatt Seikvutal. In Dieb., sch. 19 refers to a better proof to be found in a com-
mentary: BeAtiov 1 év T@ Dropvrpatt 8eié1g; sch. 81, 83 refer to proofs to be found
in commentaries to Dieb. and Phaen.: £&v T €ig 10 B’ Ospnpua Tod pwtov BiBAiov
ToD Tiepl VUKT@V Kol UEP@DV €V TM VTIOUVIUOTL / &V T@) 18’ TV QAVOUEVWY €V TQ

vmopvrpaty; sch. 90, 97 refer to proofs lying or redacted in the “prominences”,

that is, in the margins'?*: év t® &€oxiw / €v Toig TeAevTaiolg €€oyiotg. In Ort., sch.

134 (which all manuscripts have in the text) refers to a result already employed
in Hab.: Tovtw yap éxpnodueda kal év 1 mepl oikrioewv. The annotations to
the theorems of the arithmetic part of Anaph. provide numeric instantiations of

116 As seen above, sch. 102, 127-129 are preceded by the indication £k mepioood, which also
precedes, again in Auszeichnungsmajuskel, prop. 15 aliter.

117 Sch. 89 and 104 read: caeotépa 1 B €k8ootg (€0Tv) HTIG KeTtal petd y (ruov) uAa.

118 Both sch. 106 and 114 contain the definition of é£aAAayr| pavepod Auo@atpiov, that recen-
sion a has at the end of the introduction.

119 This scholium to prop. 12 aliter contains the following clause: 8&¢8ewktat pév €v tij GAAn
€k800eL TOD BEWPTHATOG €V Tf| TTPO TOVTNG KATAYPAPT].

120 To these should be added the following indications, which Menge did not edit among the
scholia although most of them are written in Auszeichnungsmajuskel: dpxn dotpovopiog | T&
@awopeva (in the outer margin of f. 59r, alongside the very first line of the treatise); abtn 8¢ éotiv
f oageotepa EkBeats (Euclidis opera omnia 8.116.4; the same should be replaced for what we read
ibid. 8.122.14), which precedes props. 12 aliter and 14 aliter, respectively; cageotépa adtn (to the
second diagram of sch. 76); 0a@eOTEPA KATAYPAPT], APXALOTEPA T KaTAypa@r and caQeoTEPA
avtn 1 kataypagn [to the double diagrams of props. 14 (part II, immo 15 in Vat. gr. 204, which
entails a shift in the numbering of the subsequent propositions), 14 aliter, respectively].

121 Sch. 366 triggered the reaction of the annotator of sch. 367, who addressed the other scholiast
as 00QWTATE Gvep O ypdpag TO oyOALov.

122 At least, this is my guess: the noun is not recorded in the LS], nor are occurrences of it to be
found in the TLG. In sch. 174 ad Data (see the beginning of section 4 infra), the alternative form
£Ewyin is found.
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their enunciations, always given in quasi-general terms, and worked-out specific
examples; sch. 4 contains a self-reference in the first person wg &&fig Sei&w>.

In sum, the scholia to the “little astronomy” show that this technical resource
was annotated as a whole in Late Antiquity or in the early Byzantine period,
but further investigations (in particular on the several comment scholia there
included) are needed to confirm or to disprove the hypothesis that this set of
annotations derives from an exegetic project as unitary and sustained as the one
we perceive behind the scholiastic collections of El. and, most obviously, Alm.

3 A commentary in the form of scholia:
Eutocius on Apollonius’ Conica

Apollonius sent off the books of his Conica (henceforth Con.) separately and in
succession: books 1-3 to Eudemus of Pergamum, books 4-7 to Attalus; therefore,
each book was originally circulated as a single exemplar, sent to its addressee.
In the preface to book 2 Apollonius instructs Eudemus thus: “communicate it to
those who are worthy to take part in such things; and Philonides the geometer,
whom I introduced to you in Ephesus, should he ever visit Pergamum, commu-
nicate it to him”. In the preface to book 1 we learn more: Apollonius affirms that
he redacted two versions of Con. The first he had communicated, “in a hurry”
and “putting down all that occurred to [him], with the intention of returning to
it later”, to Naucrates the geometer, at the request of whom he undertook the
investigation, when the latter was on the point of sailing from Alexandria'**. The
first two books, still uncorrected, also circulated among Apollonius’ acquaint-
ances. The second redaction is the one he was about to send, after correction, to
Eudemus, with the following warning: “don’t be surprised if you come upon them
in a different form”*,

Seven centuries after this double £€k8oo1g, the Neoplatonic philosopher Euto-
cius undertook the task of introducing some order into the resulting tradition and

123 Noack detects this kind of metadiscursive markers (which she calls “rhetorische Elemente”)
in sch. 13, 21, 32, 50, 52, 84, 99, 104, 117, 123, 126, 134 (but the @IA\doo@og here mentioned is obvi-
ously Aristarchus) to Magn.

124 Even if the story about Naucrates might well be nothing but the application of a literary
topos in order to forestall the deficiencies of an unsatisfactory first redaction, it is clear that
we are here faced with a mpoék8ooig with limited circulation (Dorandi 2007, 65-81), over which
Apollonius quickly and obviously lost control.

125 Apollonii Pergaei quae graece exstant 1.192.8-11 and 1.2.9-22, respectively.
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of commenting on the text he thereby obtained. Commenting on mathematical
texts was not new to Eutocius: his carreer had begun, when he was a pupil of
Ammonius, with three Archimedean treatises, Sph. cyl. 1-2, Circ., and Aequil. 1-2.
But commenting on Con. was quite definitely a more arduous task; in particular,
Eutocius must have soon realized that this could not be done without establishing
areliable text of Apollonius’ treatise. Eutocius explains his editorial and exegetic
strategy in the prefatory epistles to his commentary in Con. 1, 3 and 4, addressed
to Isidorus of Miletus’ colleague Anthemius of Tralles; these texts are an unicum
in the ancient scholarly tradition and deserve to be read in their entirety. The
first passage closes the first epistle, the second passage coincides with the entire
second epistle, the third passage is the incipit of the third epistle. Technical terms
to be discussed are underlined?®.

T1 ... mMAedvwv 8¢ 000GV £kBOTEWY, WG Kal AVTOG Yoy €V Tfi ETOTOAf], GuewoV
MYNOGUNY CUVAYAYETY QVTAG £K TWV EPTUMTOVIWY T CAPETTEPA TIAPATIOEUEVOG EV
O PNT@ dra TV TOV eloayopévwy eVpapeLav, EEwbev 8E £v TOIG CUVTETAYHEVOLG
oyoAiolg érmonpaivesBat Tovg 8Lapdpoug WG eiKOG TPOTIOVG TWV Grodeifewv.

T2 16 TPITOV TV KWVIKDV, O GINTATE pot AvOEpLe, TTOAATIC P&V @povTiBog UM TV
nohat®v RElwTAL, WG ai moAvtporol avtod £k80oelg SnAodaty, oUTe 8¢ EmaTOANV
E€XeL IPOYEYPAPPEVNY, Kabamep TG GAAX, 0U8E oxOM €ig aUTO Gl Adyou TV
PO MUMV €VPIOKETAL, KalTOL TOV &V aT@ GElwv GvTwv Bewpiag, WG Kal avTog
AnoAA@WVL0G &V T® Tipootpie ToD avTog BIBALOV @Naiv. TavTa 8 VY UV TaPdDS
€xkeltai oot Setkvipeva 81 TV poAaBovTtwy BiBAiwv kail TV eig aOT& ayoAlwv.

T3 16 Tétaptov PiPAiov, @ @ile Etaipe AvOépie, {NTNo pév éxel mooayx®g ai
TV KWVWV Topal GANAalg e kal Tff ToD KOkAov mepupepeig oupB&AAovoLY
fTol épamtopeval | Tépvovoatl- £0TL 8¢ Yapiev kal oa@eg Toig EvTuyxavouat Kal
HAALOTO A0 TG MUETEPQG EkBOTEWG, Kal 008 axoNwv Settal TO yap vdéov ai

Tapaypa@ai TAnpodatLy.

Eutocius needed to solve a serious exegetic problem: how to introduce order into
the complex tradition of Con.”” whitout destroying its complex structure, pro-

126 The passages are ibid. 2.176.17-22, 2.314.2-11, 2.354.2-8, respectively.

127 Eutocius seems to think that the mere existence of two authorial editions (but Apollonius’
prefaces show that this only happened with books 1 and 2) justifies the amount of divergent
recensions in circulation (T1). One may well doubt this reconstruction: the huge number of
variants almost certainly springs from uninterrupted exegetic work similar to that on EL and
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vided above all by the alternative proofs. He could not resort to a variorum edition
with interlinear variants, since the deductive (and hence also exegetic) “units of
meaning” of a mathematical treatise are too long: entire propositions. For the
same reason, he had to respect the standard format of mathematical writing: a
series of propositions, each depending on those that precede it. As a consequence,
Eutocius had to make selective choices: in order to make the explanation acces-
sible (recall 81a Trv T@V eloayopévwy vpdpelav in T1), he assigned to each propo-
sition of his edition the single proof he regarded as the best one, the alternative,
and less perspicuous, proof(s) of the same result being relegated to the commen-
tary. Such alternative proofs thereby assume the status of “variants”. Again, he
performed the following structural adjustments on the “hypertext” of the several
recensions of Con. he was able to locate: he drew the diagrams anew by making
them more general; he adopted more general enunciations and proofs (Con. 1.18
and 38); he changed the order of, rewrote (Con. 1.32 and 3.5), eliminated, added
(Con. 2.4), and, in particular, dismembered propositions; he made eclectic choices
between different redactions of the same proposition (Con. 3.4-12); he interpolated
lemmas found in the exegetic tradition and added internal references to book and
proposition; he made the main text more metadiscursive than it was in origin. The
outcome is a treatise that still presents many mathematical incongruities and dis-
plays stylistic inhomogeneities that are often glaring (cf. problems Con. 2.44-53).
The nature of such interventions and, in addition, the emphasis Eutocius
placed on enumerating the several cases into which a single proposition can be
divided, together with the resulting need to refer systematically to the diagrams,
activate a text-commentary interaction stronger than that required by his Archi-
medean commentaries: Eutocius’ in Con. is a mute exegetic apparatus if it is not
backed up by its own reference text. Thus in order to make this apparatus speak
meaningfully, Eutocius had no alternative than to resort, probably for the first
time in a mathematical commentary (and surely for the first time as a pendant
of an edition), to a resource provided by the then predominant book format: the
margins. In order to do this, Eutocius had to recalibrate the interpretative format
he had adopted in his Archimedean commentaries: he was forced to eliminate the
sometimes abnormous antiquarian digressions from the body of the commentary,

of which Eutocius’ commentary is the receptacle; he himself endorses this point of view when
presenting book 3, transmitted in several recensions even if it was not issued in two authorial
editions (T2). What is likely is that the differential scholarly interest in the books of Con. Eutocius
testifies to was encouraged by the fact that the original treatise circulated in separate rolls: as we
have seen, in the short prefatory epistle to book 2, Apollonius himself spurs Eudemus to enable
it to circulate independently of the other books.
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by relocating them to its liminar portion, and adjust the length of the specific
annotations. As a consequence, the piece de force of the Eutocean exegesis in Con.
became the alternative proofs, which he might have found as isolated variants in
some of his exemplars or as truly GAAwg proofs in others'?,

Consequently, Eutocius “disappears” behind his commentary, which loses
most of its authorial*®® connotation due to the elimination of the digressions: one
need only compare it with Pappus’ or Theon’s commentaries on Alm., or even
with Eutocius’ Archimedean commentaries. What remains of authorial markers
is by and large limited to the metadiscursive “rhetorische Elemente” that are
present, as we have seen in the previous section, in any collection of scholia
bearing a minimum of structure. Paradoxically enough, the real authorial mark
in the whole affair of Eutocius’ handling of Con. is the structure of his edition.

I have thoroughly analysed Eutocius in Con. in this perspective elsewhere
(Acerbi 2012), showing that the evidence deriving from the above passages and
from Eutocius’ commentary in its present form entails that a) the commentary
is, from the technical point of view, the receptacle of a rich exegetic tradition;
that b) Eutocius collates and transcribes by introducing redactional interven-
tions that cannot be regarded as authorial; and that c) the commentary was origi-
nally written in the margins of the Eutocean edition of Con., whose mise en page
and mise en texte must have been conceived so as to allot a suitable space to the
lengthy introductory remarks, to the supplementary diagrams and, most impor-
tantly, to an effective system of links: commentary-text, commentary-commen-
tary and commentary-diagrams.

As texts T1-3 are particularly relevant from the lexical point of view and
partly justify some of my terminological choices throughout this contribution, I
summarize here a discussion of the main terms of the exegetic jargon employed
by Eutocius.

a) #x8ooig. The term is traditional and well-established (van Groningen 1963
and Dorandi 2007). These are either Apollonius’ or Eutocius’ (only in T3)
recensions; the former are m\eioveg and moAOTpornol®?, this term appropri-

128 Eutocius’ efforts were almost nullified by the pitfalls of the tradition: Apollonius’ Con. and
Eutocius’ related commentary became disconnected quite early, and have been transmitted inde-
pendently. The prototype of the entire tradition of Con. is in fact Vat. gr. 206: written by one single
copyist in the middle of the XII*" century, it contains Con. (ff. 1r-160v) and the two treatises by
Serenus on the same topic (ff. 161r-194r and 194r-239v). The prototype of Eutocius in Con., Vat.
gr. 204, precedes by three centuries that of the Apollonian tradition.

129 On the meaning of “authorial” as referred to mathematical commentators see Acerbi 2012,
153-156.

130 We read 8idopot at Apollonii Pergaei quae graece exstant 3.246.16.
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ately denoting the several variants involved. The noun £k8oa1g often occurs
in inscriptions of mathematical manuscripts or in similar paratexts: we find
it in the books of Theon’s editions of EL.*! and Data, in the books of Theon’s
commentary in Alm. (both in those edited by Theon himself and in book 3,
edited by his daughter Hypatia)**?, in the three Eutocean commentaries on
Archimedes edited by Isidorus of Miletus.

b) mopoatiOnuL. The meaning is “to transcribe”*. These are single items picked
up and transcribed one by one: they are the “best” proofs, that Eutocius
includes in the text of his own edition.

c) pnrowv. It is the Apollonian “text” commented on by Eutocius, that is, Con. as
the result of his edition, transcribed as the main text on a well-defined sub-
stratum (cf. the correlate locative expressions v 1@ pnt@ ... EEwbev 8¢)*.

d) #£&wbev. The demonstrative variants are placed “outside” the main text,
within oyoAwa cuvteTaypéva. The context and a number of parallel passages
make this reading of the adverb certain®®.

e) oxoha (ovvtetaypéva). The “comments” are the main exegetic units of a
commentary: the set of variant proofs and of completing lemmas pertaining
to a single proposition. The plural denies unity and autonomy to that which
follows the epistle: it is not a single UnOpvnua but a series of “comments”
whose ordering principle coincides with that of the propositions. The parti-
ciple alludes to the appropriate ordering of the annotations and to a suitable
mise en page of them'.

131 Theon himself designates his own edition in this manner in a celebrated locus at Rome 1931-
1943, 492.7.

132 At Rome 1931-1943, 317.2, 463.2, 601.2, and 807.4.

133 At Archimedis opera omnia 3.48.29, 3.224.8, 3.260.11.

134 See most recently Montana 2010, 185-192 and the contribution in the present volume. It is
impossible in this case to assign a locative value to the preverb, as if it were alluding to the fact
that the propositions are placed one after the other.

135 Other occurrences at Apollonii Pergaei quae graece exstant 2.212.21, 2.252.20, 2.260.1, 2.316.9,
2.356.11 (always with the expression év 1@ pnt®); the occurrence ibid. 2.258.6 refers to a passage
in an alternative proof already transcribed in the commentary: this “text” is itself unclear, and is
clarified by a short lemma.

136 The evidence is collected in Devreesse 1954, 84 n. 7, and reassessed by Irigoin in the discus-
sion following Maehler 1994, 138. To this should be added Galen’s commentary on the Hippo-
cratic De officina, 17B.876.1 Kiithn, Simplicius, in Cael. 317.29 Heiberg, and in Cat. 88.26 Kalbfleish,
sch. 22 (in Vat. gr. 204, as we read in the previous section) ad Opt. 8 B, at Euclidis opera omnia
7.261.7-9, sch. 113 (in Vat. gr. 192) ad Phaen. 14 b, ibid. 8.150.1.

137 On the usage and meaning of the term oyoAwov see Supplement 3 infra and Lundon 1997.
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f) émonpaivopat. The verb belongs to a lexical and semantic area that is current
in the ancient scholarly jargon. Further specified in T1 by the expression &v
TOIG OUVTETAYHEVOLS OYOAIOL, it suggests that a system of réclames had to
be set up in order to discover the corresponding variants transcribed in the
margins.

g) PBBAiov. Eutocius in Con. has 26 occurrences, which always denote one of the
books of a larger treatise: ElL, Con. themselves, Alm., Archimedes’ Sph. cyl.

h) mopaypagai. These “short marginal annotations” are a constant feature of all
mathematical manuscripts, and must have been a canonical form of annota-
tion ever since the editions on papyrus roll. The meaning of the occurrence
in T3, precisely because it designates a well-defined paratextual form™, is
confirmed by two parallel passages: Marinus Vita Procli 27**°, and the same
denomination applied to the marginal annotations in bilingual juridical

138 The term in this meaning is quite infrequent: see the oscillations of Heiberg — who in the
first place had considered emending it to kataypagai — at Archimedis opera omnia 3.355 n. 1. In
fact, the correction would have been meaningless: the “diagrams” always make a mathemati-
cal text more perspicuous. The meaning here intended of mapaypaer has probably developed
by metonymy from that of “marginal sign” marking a locus in need of scholarly attention and
care. The term has exactly this meaning in Cyril ad Tiberium 15 (Patrologia Latina 76.1108b:
napaypa@n 8¢ éotv EEwbev TiBepévn). Early occurrences of mapaypagr as “marginal sign” can
be found in Aristotle, Rh. 1409a19-21 (&M& el Tfj powpd dmokdmreoday, kol SHANY eivat THY
TeEAEVTIY pr| BLa TOV ypagea, pnde i v mapaypa@ny, GAA& 8i& Tov pubpdv) — who triggered
the remarks of an anonymous commentator in Arist. rhet. 1.193.13-17 Rabe (“4AA& 8€T” TOV AGyov
“arokomntecal” fitol Npepelv kat otaodat kai BeBrnkévar kal TéEAog AapBavetv SijAov ov “Sid TOv
yp&@ovta”, fiToL o 81a TO oTiEaL TOV ypagea &xpt T0U8e @aivetat wg EAaBev 6 Adyog TéAoG, 008e
“Bla T mapaypa@rv” ftot mapaypdpar oTyprpv, “6Aa St Tov pubpsv”) — and in Isocrates,
Antid. 59 (iv’ oDV pi mavTamaoty ékAv8® MOAGV £TL pol AekTéwvy SVTwv, dpERUEVOG Ao Tig
Tapaypa@ig avayvwot Ta mepl Tig fiyepoviag avtoig) — who triggered the remarks of Harp., Lex.
7 17 Keaney (mapaypa@ri: o0 pévov £mi Tod kowod Kal yvwpipov Tibetal mapd Toig pritopaty,
AN 18iwg Tookpdtng £v T@) Tepl TG AVTIBO0EWS PNoLY “Aéye GpEGEVOG GTO TG TTapaypaPTis”,
drep 0TIV Amd TAS YPOUUAS fiv HéXPL VDV Tapdypapov KahoDey: kai £0TL TO AeyOpeEvOV, G’ o0
napéypapa- TovTo 8 &v £in, A’ ol mapedEUNV. 6 8 “Yrepeidng v T@ katd Anpoodévoug “ovse
HEXPL TIapaypa@iiG” notv GvTi ToD 0VSE HEXPL TIVOG WPLOHEVOL XPOVOU KAl TIGPAYEYPAUHEVOD, O
€071 TiepLyeypappévov). Apollonius Dyscolus emphasized the function as a marker of an argu-
mentative hiatus assumed by the particle 81}, comparing it to a mapaypaepr (Conj. 253.15 Schnei-
der, and cf. 251.19-23, and Synt. 379.8 and 380.15 Uhlig).

139 Marinus asked Proclus to mapaypa@ewv his opinions on the Orphic poems Toig TOD
S18aokalov [scil. of Syrianus] BiAiotg. Proclus eagerly accepted, mapayp&pavtog ToiG HETWTTOLG
T@v vmopvnpatwv. The two datives without a preposition suggest a locative value should be as-
signed to the preverb mapa- (but contra see Montana 2010, 192-194, and the contribution in this
volume).
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manuscripts™°. Note that Vat. gr. 206 bears no napaypagai to Con.: they were

part of the edition, not of the commentary, and have been eliminated during
its transmission.

i) [6Mwg]. The adverb usually identifies alternative proofs. It does not appear in
T1-3, but frequently occurs in the commentary. Eutocius elliptically alludes to
it in T1, with the expression 81a@Opovg WG KOG TPOTIOUG TWV Aodei&ewv ™,

4 Scholiastic activity
on other mathematical works

Other mathematical works were awarded less attention by ancient scholars. As

a consequence, the associated scholiastic apparatuses are mainly made up of

annotations (if any is transmitted) dating to the Byzantine period. Before offer-

ing a state-of-the-art overview of such apparatuses, it is worth pointing out two
general phenomena:

e Byzantine scholarly activity (that is, scholia that must be assigned to hands
different from that of the main copyist) on these treatises usually took place
well after the date of transcription of their main manuscript witnesses.
Arethas annotating his own Euclid is an exception.

¢ The mathematical production of Late Antiquity was almost entirely made up
of commentaries, a kind of writing one would not expect to be the object of
further scholarly attention, in the form either of second-order commentaries
(but see infra for an exception) or of scholia'**.

140 I rely for this on McNamee 1998, 273-274, 280, who does not mention primary sources.

141 In this passage, it is difficult to give an immediately clear statement of the meaning of the ad-
verbial syntagma wg eikog, which characterises the act of émonpaiveofau the alternative proofs
£EwOev: whether it is ik to expect that such variants exist, or whether it is eik6g (for instance
because it is a widespread practice) to write them down in the margins — or even to write them
down at all, as a sign of respect for the whole of the exegetic tradition.

142 A partial exception is found in the very short “summaries” accompanying Theon’s commen-
tary in Alm. in Laur. Plut. 28.18 and dividing it into sections. They are written in majuscule by the
main copyist and are all transcribed in Rome 1931-1943. They amount to an epitome-commentary
of the commentary itself, but it is not clear whether the former was composed along with the
final redaction of the latter, or apposed in a subsequent transcription.
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With the exception of Eutocius’ commentaries on Sph. cyl. 1-2, Circ., and Aequil.
1-2, Archimedes’ works were totally neglected by ancient scholarship; the manu-
script tradition hands down only a handful of scholia vetera®.

The scholiastic apparatus to Euclid’s Data is rich but strictly technical: apart
from a number of internal references to the text or the scholia'** and of mentions
of E1., it offers one interesting metadiscursive piece of information: the ascrip-
tion to Apollonius of the last three definitions (sch. 13)4¢.

Hero’s Metrica has been transmitted by a single manuscript, the Seragl. G.L.1,
written by the copyist Ephrem ca. 950-960; this codex also contains a number of
important collections of metrological problems (Acerbi/Vitrac 2014, in particu-
lar section 7). Two hands in the Seragliensis later than Ephrem’s selectively add
annotations: the older one (“second hand”) can be assigned to the XII* century
and is quite active; it also supplies well-founded integrations of the lacunae.
This hand, whose script as been qualified as “cursive sauvage”, has been identi-
fied with manus 3 of the Matrit. 4678 of Diophantus. A more recent hand (“third
hand”) can be dated to the XIII"-XIV™ centuries. The script, well-ordered and
of small module, has been identified with that of Maximus Planudes, who also
annotated the Matritensis (Pérez Martin 2006, 447-448, and 2009, n. 62)'#. As a
consequence, three layers of scholia can be found in the Seragliensis. Their dis-
tribution is as follows%,

1) ff. 3r1-17v13: text with scholia of the first (ff. 5v, 9r, 12r, 14r), second (ff. 7v—9r,
10r, 11r, 12r-13v, 14v, 15v-17v) and third hand (f. 7r), edited in Heronis opera
omnia 5.222.2-232.2, the scholium at f. 5v excepted, to be read ibid., 190.19 app.

2) ff. 17v16-19r17: text with four scholia of the second hand (ff. 18r-19r), edited
in Heiberg 1927b, 68.2-18, and in Heronis opera omnia 4.XXIII; the first scho-
lium at f. 191 is also edited ibid., 5.28.1 app.

143 They are edited in Archimedis opera omnia 3.322-329.

144 These are in sch. 71 (81& 10 oxOAoV péAloTa ToD | Bewprjpatog dmov onueiov T68e P), 104
(€8x yap &v T@ oxoAiw T@ €v ToiG TpwTolg axohiolg Tob Tpo 6rov onpeiov TOde * ...), 115 (kal
Opoiwg T@ oXoAiw TG T PO AVTOD BeWPNUATOS), 174 (ToUTOL TOD BeWPTHATOG EVOTATLG KETTAL
év T mpwtn EEwxin 6mov onpeiov T08¢e *), 175 (EvaTtaaig eig o T Bewpnpa *), 193 (8¢dewktawy &v
@ X0\ TO €V TQ EMdvwbev, 6oV oNuEioV TOBE *).

145 These are in sch. 71, 117, 126, 129, 141, 161, 170, 176, 184, 191, 192, 194, 197 (EL 5.19, 6.26, 2.12,
2.13, 1.14, converse of 6.1, 3.33, 6.17, 2.2, 3.18, 3.16, 3.35, 6.3, respectively).

146 The scholia are edited in Euclidis opera omnia 6.261-319; sch. 13 is ibid. 6.264.2-3.

147 The single word €tnpr|6(n) in the upper margin of f. 3r of Seragl. G.I.1 seems to have been
written by a hand of the XIV®" century.

148 Canonical marginal signs on(peiwoal), even of abnormous dimensions, can be found at ff.
17v, 671, 76v, followed by a demonstrative To0T0 or TadTQ.
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3) ff. 19r19-23r15: text with scholia of the first (ff. 19r-v, 22v, 23r) and the second
hand (ff. 19r-v, 20r), edited in Heiberg 1927b, 68.20-71.27, 42.11 and 46.8 app.
for the last two first-hand scholia, and also in Heronis opera omnia 4.XXIII-
XXVI.

4)  ff. 23v1-24v21: text with one scholium of the second hand (f. 23v) edited in
Heiberg 1927b, 72.2-3, and in Heronis opera omnia 4.XXVI.

5) ff. 24v23-25r11 and 25r12-26126: texts without scholia.

6) f. 26v1-25: text with one scholium of the second hand, edited in Heiberg
1927b, 72.5-7.

7) f.27r1-22 and 27r23-28v10: texts without scholia.

8) ff. 28v12-42r16: text with one scholium of the second hand (f. 33r), edited in
Heronis opera omnia 4.430.18 app.

9) ff. 42r18-51r10: text with two scholia of the first hand (ff. 45v et 47r), edited
ibid. 5.232.3-18.

10) ff. 51r12-54r10: text with one scholium of the first hand (f. 52r), edited ibid.
5.124.9 app.

11) ff. 54r12-54v15, 55r1-61r6, 61r21-62v13, 63r1-63v25, and 64r1-66123: texts
without scholia; f. 66v is blank.

12) ff. 67r1-110v1: Hero’s Metrica: book 1, ff. 67r1-87r18; book 2, ff. 87v1-99r11;
book 3, ff. 99v1-110vl. Some scholia by the first hand (ff. 75r, 79v, 81r-v,
82r-v) and others, more frequent, by the second (passim) and the third hand
(ff. 73v, 741, 77—V, 781-v, 79r) are concentrated around specific sections'*®,

The scholia written by Ephrem are in a slightly cursive Alexandrine Auszeich-
nungsmajuskel of small module; they usually are very short, quite often in form
of mapaypa@ai.

Diagrammatic scholia are traced by Ephrem, at ff. 68r, 71v, 741, 751, 761, 76V,
82v; the last one had in origin no denotative letters, which were added by the
second hand. All these additional diagrams, except for those at ff. 75r and 82v,
are included in the indentations which in the text are reserved to the main dia-
grams: thus in these cases, each diagram is reproduced in two or three copies.
This phenomenon can be explained on the basis of what is found in Metr. 1.16.
The diagram of this proposition is reproduced six times, of which three at the
end of f. 76r, and three at the beginning of the subsequent page. In any of such
triples, the main diagram (the largest one) is faulty, for it does not conform to the
proposition’s requirement that a certain angle be obtuse and another be a right

149 These scholia are transcribed and translated (very often quite incorrectly), after the proposi-
tions they refer to, in volume 3 of Bruins 1964.
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angle. The second diagram corrects the first mistake but not the second, the third
diagram corrects both. It follows that the second and third diagram were diagram-
matic scholia in origin, traced in order to correct the first and second diagram,
respectively. Some copyist included in the main “text” both the diagrammatic
scholium and the scholium to the scholium. The triple was doubled according to
a practice that we also see at work with the diagram of Metr. 1.15: this proposition
is very long (as long as 1.16) and some scholiast decided that it was worth giving
a preview of the diagram in the lower margin of f. 75r before the reader encoun-
tered it, in due form and at the usual place at the end of the proposition, in f. 75v
(indentation of 12 lines x 4/5 of a line, that is, about 1/3 of the written surface).
Some diagrammatic scholia, drawn freehand by the second hand, can also be
found at ff. 701, 75v, 761, 78v, 82v.

Ephrem’s codex in Istanbul offers the occasion for a digression on a kind
of mathematical paratexts which, while not being scholia, were treated as such
by the copyists: the indication of the fact that the diagram is to be found in the
following page, by means of the expression ££(fig) 1 k(ata)yp(aepr)). One finds
such réclames in almost all the oldest mathematical manuscripts; a fair amount
of them can be found in Laur. Plut. 28.18 (Theon and Pappus in Alm.), at° ff. 13r,
66v (only €£9), 86r, 96r, 139v (the réclame follows the diagram!), 149v (only &£9),
168v, 171r, 173r (only ££9), 206V (it precedes a calculation, the indication accord-
ingly becoming ££fG ot apiBpol), 292r*, 297v*, 299r*, 308r*, 309r*, 318v (an incon-
gruous ££AG T0 Bewpnua), 322r*, 343v, and in Paris. gr. 2389, ff. 42r, 272r, 338v.
The fact that these réclames are almost always written in Auszeichnungsmajuskel
and followed by the diagram on the same page shows that the copyists of these
manuscripts had found the réclames in their exemplars, of which they did not
respect the mise en page, and that they misinterpreted them as titles or scholia®*.
Now, this does not happen in Seragl. G.1.1°?; we find the réclames, again in Alex-
andrine Auszeichnungsmajuskel and normally centered in the page, at ff. 6v, 71,
141, 21v, 291, 29v (only &£9), 36v, 46r1, 53V, 551, 55V, 56v, 60r1, 78v, 961, 1021, 103V,
106r. In all these cases, the diagram is on the next page: this shows that Ephrem
tries to reproduce the mise en page of his model. On the other hand, the fact that

150 The first occurrence is included in the text; with asterisk when oyfijpa replaces the more
appropriate kataypagn; this always and only happens in Pappus’ commentary. The difference
between the two terms is well-established in the technical (meta-)terminology: oxfjua is a geo-
metric figure, kataypaer its graphic representation.

151 By converse, there are dozens of diagrams opening a page but not preceded by the réclame.
152 The Seragliensis was written by Ephrem in the same period as Laur. Plut. 28.3 (Euclid; see
section 2.1 supra). The réclames are here absent, but one must take into account that the dia-
grams of this square-shaped codex are drawn in the margins.
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the réclame is absent, even if required on the basis of the same criterion, at ff. 8v,
10r, 13v, 15v, 31v, 35v, 531, 82v, 88v, 971, 108v, shows that it often was impossible
to reproduce the mise en page of the model. In no case is the réclame followed by
the diagram on the same page.

One single commentary on Nicomachus’ Introductio arithmetica (= Ar.) proved
so successful that we have four different versions of it, traditionally referred to
as Recensions I-1V (Tannery 1886, 302-310 of the reprint). Recensions I-III refer
to Ammonius’ teaching, so that one may assume a course of his as the ultimate
origin of this group of commentaries. In addition to the four recensions, there are
also contaminated versions, which offer conflations of Recensions I and II as well
as Il and IV, and L. Taran (1969, 12 n. 53) saw a Recension II manuscript which
offers lemmas significantly different from the “usual” Recension II. Recension I,
which both the manuscripts and modern scholarship assign to John Philoponus,
was edited in the 1860s by R. Hoche in a series of three Schulprogramme**3. Recen-
sion Il is, when compared to Recension I, characterized by additions. Most manu-
scripts assign it to Philoponus, but P. Tannery (1886, 302) noted that Isaac Argyros
(tca. 1375) was mentioned in some additions and suggested that he should be
credited with the entire Recension II. Yet Taran (1969, 18) showed that this recen-
sion should be at least partly attributed to Philoponus himself (or perhaps to a
pupil of his). This contradictory evidence suggests a group of additions and modi-
fications by different authors of perhaps widely varying date, applied to the basic
Philoponus commentary (Recension I). Hoche, when editing Recension I, listed
the differences between Recension I and Recension II for the first book of Ar. in
the preface of a Schulprogramm (Hoche 1864-1865, II-XV), relying on exactly one
manuscript (of Zeitz). Hoche never published an analogous list for the scholia to
the second book. Almost a century later, A. Delatte (1939) edited the Recension II
scholia for the second book, using two different manuscripts (held in the Vatican
and at Athens). Recension III is the only version available in a reliable edition™*.
Manuscripts and scholars concur in attributing Recension III to Asclepius, a con-
temporary of Philoponus. We know the least about Recension IV, which remains
unpublished™®. There are two points to be emphasized in the attempt to unravel
this scholarly tangle. First, all the Recensions are structured in the same way: a

153 Hoche’s work, based on a handful of German manuscripts, has not really been superseded;
the main advantage of the recent edition by Giovanna Rita Giardina (1999) is its ready availabil-
ity. For a specimen novae editionis criticae, unfortunately not achieved, see Haase 1982, 401-447.
154 See Taran 1969, who based himself on Monac. gr. 431 (XIV*"-XV® century) and on Ambr. B
77 sup. (XVt century).

155 A list of known testimonies is in Taran 1969, 19-20.
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set of remarks on specific passages of the Nicomachean text, usually referred to
by means of a liminar citation; in the manuscripts, these remarks are mainly set
out as a separate commentary, but they can also be found in the form of marginal
annotations (for instance, in Gotting. philol. 66, the main manuscript of Hoche’s
edition of Ar.)™: it is not clear what might have been their original layout. This
means that these remarks taken as a whole do not have the canonical form that
other Neoplatonic commentaries display, namely, a series of praxeis containing
both a theoretical and a practical (that is, textual) part. Second, recent studies
have shown that by far the most authoritative witness of Ar. is Matrit. 4678, which
is in fact also the best manuscript of Diophantus (De Gregorio/Prato 2003 and
Pérez Martin 2006). This manuscript, contrary to many other manuscripts of Ar.,
is not accompanied by Philoponus’ commentary but by an independent, and
rich, apparatus of first-hand scholia, never studied to date.

The manuscript tradition of Diophantus’ Arithmetica (Ar.) amounts to 31 wit-
nesses but it rests on only four manuscripts: Matrit. 4678 (XI'" century p. m.), Vat.
gr. 191 (1296-1298), Vat. gr. 304 (XIV™ century in.), and Marc. gr. 308 (XIII™" century
ex.). As a matter of fact, the two Vaticani are copies of the Matritensis, Vat. gr.
191 including among other things corrections coming from infralinear or mar-
ginal annotations in the Madrid codex dating back to the XII" and XIII* centu-
ries. A recension of Ar. made by Maximus Planudes (t1305), supplemented with a
detailed commentary ranging over books 1-2%*7, is partly contained in the incom-
plete Ambros. & 157 sup. but was copied therefrom in its entirety in Marc. gr. 308.
Only five fragments of Ar., amounting to about half of books 1-2, remain in Ambr.
& 157 sup., now of 21 + 2 folios in a perturbed order. This autograph of Maximus
Planudes was written about 1293 (Turyn 1972, 78-81 and plate 57, Allard 1979); it
also contains fragments of the Great Calculation according to the Indians, likewise
by Planudes (6 folios and 1 page) and of the pseudo-lamblichean Theologumena
arithmeticae (5 folios and 1 page), and a page of a text ascribed to Michael Psellus.
The fragments of Ar. amount to 10 folios (in their correct order, these are ff. 13, 14,
8, 18, 20, 15, 9, 16, 17, 19) and contain the Planudean commentary, written in the
margins and carrying authorial corrections. In Marc. gr. 308, the commentary was

156 A check of the manuscript list in Haase 1982, 319-398, gives the following results: 40 manu-
scripts in which one of the Recensions is transcribed as a self-contained text (either following
or preceding Ar., or even in absence of the Nicomachean treatise), 19 manuscripts in which the
Recension lies in the margins of Ar. About 50 manuscripts carry Ar. without full-fledged com-
mentaries; only a handful of these have scholia unrelated to any of the Recensions.

157 Diophantus’ text and Planudes’ commentary have been edited in the Diophanti opera omnia
1.2-448 and 2.125-255, respectively.
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transcribed propositionwise after the main text, in a slightly smaller module and

on the full page, whereas Ar. is on two columns.

The scholia to Ar. referred to above are a part of those contained in the oldest
manuscripts of the non-Planudean family; they run approximately as far as the
first two books of Ar. A number of them were edited by A. Allard (1983), who,
however, was unable to correctly assign the several hands involved and did not
realize that their common source is the huge scholiastic apparatus displayed by
Matrit. 4678. This apparatus can be assigned to seven hands, according to the
distribution here outlined and first given in Pérez Martin 2006.

e Manus 1 (= copyist 1, ff. 9-62r25, 137r-143v of the main text): ff. 10v-16r, 27r—
291, 421, 58v, 60V-62r.

e Manus 2 (= copyist 2, ff. 62r26-135v): ff. 16v-22r, 24r-26v, 29v-33v, 35r-38v,
39v-42r1, 43r-49r1, 50r-57v, 591, 62v-641, 651-69V, 70v—731, 861.

e  Manus 3 (XII*"" century ex.—XIII"™ century in. = second hand of the Seragl.
G.1.1): ff. 63v—64v, 65V, 661, 671, 68V—69r, 75177V, 78V—81V.

e Manus 4 (XIII" century): ff. 11r, 14v-15, 161, 21V, 351, 40r1, 441-V, 45V, 47V-51r,
52r—v, 55r-v, 58v, 60v-62v, 64r-671, 69v—701, 72V, 73r-77V, 78v, 79r-80r, 81r-v,
82r.

e Manus 5 (XIII" century p. m.): ff. 6v, 7v.

e Manus 6 (= Maximus Planudes = third hand of the Seragl. G.L.1): ff. 58v, 65r,
65v, 671, 68v (bis), 70r, 76v, 78t, 78v, 791, 79v, 89v (bis).

e  Manus 7 (= John Chortasmenos): ff. 4r, 57v, 58r-60r, 61r-v, 63v—66v, 67Vv-68r,
69v—70r, 73v, 74—V, 75V, 77V, 781791, 82r—v, 83v-84v, 86v-87r.

Most importantly, still unedited are the hundreds of infralinear remarks and cor-
rections with which the Byzantine scholar John Chortasmenos (t1431) greatly
enriched the Diophantine text (see Acerbi 2013a for a first assessment).

One can read fragments of opinions by Marinus of Neapolis related to specific
passages in Alm. (the milky way is part of the sphere of the fixed stars) and in the
Handy tables (which is the best method for determining the lunar parallax). They
can be found in scholia to these works, and show that Marinus annotated Theon’s
“Little Commentary” (Tihon 1976). While the first scholium is contained in Vat. gr.
1594, the second is carried by a less celebrated vector: Paris. gr. 2394, copied in
1733"%. This manuscript is important because it contains a version of the “Little
Commentary” with peculiar variant readings and, most notably, a course on this
very treatise (and by implication on the Handy tables themselves) redacted at
the end of the V" century and fragmented into a series of marginal annotations.

158 A subscription at p. 617 of this codex dates the model to 1220: Boudreaux 1921, 20.
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These lecture notes have never been edited nor studied (but see Tihon 1978, 171-
182); it is likely that we read them in their original form, that is, as a set of specific
annotations.

Supplement 1 An analysis of Leo’s Umopvnpa
oX0Alov on composition and removal of ratios

According to the inscription, the scholium deals with “composition and removal
of ratios”; this subject is only marginally dealt with in El. 6, even if the (spurious)
def. 5 provides a definition of “compound ratio”. It is, therefore, misleading to
assert, as is commonly done, that the scholium is related to El 6 def. 5*°. The
structure of this text is as follows: a series of four arithmetic “lemmas” followed
by the proof of the main result on composition of ratios. Lemma 2 is in its turn
followed by an “arithmetical clarification” of both lemmas 1 and 2, the proof of
the main result being followed by a numerical bto8etypa, where it is shown, by
passage to the “values™ of the ratios and subsequent calculation, that ratio 7 to
5 is composed of ratios 7 to 11 and 11 to 5'*°. The scholium ends with a short pre-
scriptive statement on how to remove ratios. Let us read the enunciations of the
lemmas and of the main result, and see the numerical examples following them:
e <(Lemma D: “Let A, B, I'be numbers, and let A be <the product> of A, B, and E of
B, T, and again Z of A, T, and once more H of A, E, and O of B, Z, and again K of
T, A. I say that numbers H, 0, K are equal to each other”. In short, the product
of three numbers is the same, whichever is the order of the factors (recall that
multiplication is a binary operator, and that its commutativity is proved in EI.
7.16; the proof of the lemma is a straightforward adaptation of that of 7.16).
e Lemma 2: “Let a number A be a multiple of B according to I. I say that B is
also a multiple of A according to the part homonymous to I'*¢*, Arithmetical

159 The scholium, on the basis of a misinterpretation of the alphabetic letters there employed as
ordinals, was also absurdly held to contain germs of algebraic notation: see Vogel 1960, 661. To
employ ordinals as dummy letters is a common and widespread practice in Greek mathematics:
one need only take a look at El. 5 and at Diophantus’ Arithmetica. These alphabetic signs are
treated in the scholium as real denotative letters, since they are marked by a superimposed bar
and not by an apex, as ordinals usually are.

160 The mnAwdTng (“value”) of ratio 7 to 5 is simply number 7/5.

161 A part is homonymous to a number if it bears the same name as the number, only trans-
formed into an ordinal, e.g., “three” and “one third”.



DE GRUYTER The scholia to the Greek mathematical treatises =—— 165

clarification: lemma 1: 4x5x6 is equal to 5x6x4, that is, to 120; lemma 2: 100 is
a multiple of 20 according to 5, while 20 is a multiple of 100 according to 1/5.

e Lemma 3: “Let a A be epimoric of B according to T. I say that, alternately, B
is also epimoric of A according to the part homonymous to I'”. Example: the
epimoric ratio 4 to 3 and the (sub)epimoric ratio 3 to 4.

e Lemma 4: “The same also happens with epimeric «ratios>... one must also
conceive the same for composed ratios, such as multiple-epimoric and multi-
ple-epimeric”*¢?, Examples: 7 to5and 5to 7; 7 to 3and 3 to 7; 13 to 5 and 5 to
13.

e Main result: “Let there be a magnitude A, having to B a ratio whose ratio
value be I, and between A, B let a chance magnitude fall, A. I say that the
ratio of A to B is composed of the «ratio> that A has to A and of <the ratio»> that
Ahas to B”.

Only the proofs of lemma 1 and of the main result are full-fledged demonstra-
tions (the latter ends with a sentence that can be read as a hint of how to iterate
the proof to include nested compositions); those of lemmas 2-4 and of the final
prescriptive statement are nothing but explanations carried out on paradigmatic
examples; in particular, the procedure of removal of ratios remains quite obscure.
Only lemmas 2-4 are identified as such in the text, which begins directly with the
enunciation of “lemma 1”. Lemma 1 is expressly referred to (expression 81& 10 o
Afjppe) within the “arithmetical clarification” of lemma 2 and within the main
proof; lemma 2 is expressly referred to again within the “arithmetical clarifica-
tion”.

As is clear from the enunciations listed above, the scholium has an obvious
deductive problem: lemmas 2-4 have nothing to do with the rest of the text, and
in fact they are not used in the proof of the main result. If we were presented with
such a state of affairs in a more structured exposition, there is no doubt that we
would surely regard lemmas 2-4 as interpolated.

There are a number of ancient expositions on composition and removal
of ratios that try to explain the rationale behind these operations'. If we skip
lemmas 2-4, the combination “<demma 1> + main result” adopts a deductive pro-

162 An epimoric ratio has the form (n + 1)/n; an epimeric ratio has the form (n + k)/n, with n > k.
163 See Pappus, Coll. 7.240; Theon, in Alm., in Rome 1931-1943, 532.1-535.9 (Alm. 1.13) and 759.8—
762.2 (Alm. 2.11); the final section of Prol.; Eutocius, in Con., in Apollonii Pergaei quae graece ex-
stant 2.218.6-220.25, and in Sph. cyl. 2.4, in Archimedis opera omnia 3.120.3-126.20. To this should
be added a few splinters in scholia 2-11 to book 6 of EL (Euclidis Elementa 5.2.1.5-10.25 — actually,
scholium 4 coincides with the first exposition in Theon’s commentary), where we read a defini-
tion of “compound ratio”.
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gression that, exactly in this form, is not found anywhere in ancient sources, even
if it can be seen as a rewriting (longer and more cumbersome) of the proof pre-
sented by Eutocius in his two expositions. The terminology of ratios adopted in
lemmas 2-4 is at best misleading, owing to the fact that the standard prefix vmo-
for ratios lesser than unit is systematically omitted: see the example above, where
it is said that “20 is a multiple of 100” instead of “20 is a submultiple of 100”.

In sum, the scholium is badly organized and located, and sometimes inap-
propriately worded. My impression is that it is the result of the stratification of
at least two layers: a core text comprising demma 1> and the proof of the main
result — maybe extracted from an ancient exposition to which we no longer have
access — and the rest: lemmas 2-4, all numerical examples and the final prescrip-
tion. Add to this that lemmas 1 and 2 are in turn annotated (recall that the text is
written on the full page) by three mapaypa@ai referring to appropriate proposi-
tions of El 7, which amounts to a logical hysteron proteron once the scholium
is appended to El. 6; a short comment scholium designed to clarify the notion
of homonymous part (in exactly the same way as in my footnote 161 above) is
instead contained in an indentation of the text at the beginning of lemma 2. The
two- or multi-layered composition of the resulting text could explain its seem-
ingly bizarre designation as ODTTOpVNA GXOALOV'®4,

Supplement 2 Complete list of the first-hand
scholia in majuscule in Vat. gr. 1594

ff. 6r moA\amAalotaopod Olplopdg, 9r epigram (in Auszeichnungsmajuskel, of the
same size as the titles of the chapters) 0i8’ 61 6vrTOg E@uV Kai E@dpepog: GAN T
av aotpwv | iyvedw katd vodv dueidpopoug EAkag | ovk T empadw yaing mootv.
GAAG TTop’ a0 T@L | {nvi Slotpepéog mipmAapat &pBpoaing'®®, 12r short schematic
summary, 16r av(ti) det, 19r Afjppa, 19v 10 AMiupa, 22v ter mi(epl) k(ata)okevig,
i(ept) Béoe(wc), m(ept) xprioe(wg), 23r ter m(epl) k(ata)okev|fig MAVOISwv, m(ept)
Boewg, m(ept) xprioews, 23v o Afjpp(a) | 08VYpa(p)|pulov) k(ata) ovv|Oeoty, 24r
bis B’ AMjpp(a) | x(otar) Sraip(eowv), v Afjpp(a) | kukAwk(6v), 251 quinguies Oew(prpa)
k(ata) Suailp(eowv), (61a) 10 B Afjup(a), (B1) 10 vy Afup(a), (B1d) o ¥ Afjpup(a),

164 The second word is given in abbreviated form; Heiberg, and most scholars after him, tenta-
tively, and unnecessarily in my opinion, proposed the reading oyoAtkov.

165 I transcribe the epigram without correcting it; for an edited text, see Ptolemaei opera omnia
1.1.4.5 app.
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81 0 avamaw | T(0D) € AnppdTog, 25V TETAPTNUOPLOV Yap €0TL EKATEPA TMV
BE EA, 36r bis AMjup(a) | o, AMqpu(a) | B, 37v quater (81&) 10 o Afjupa, (8i&) 0 B
Afpa, Afjppa, schematic summary of the dp6(fig) o@aipag dvaopat & pddov,
38v table of kaBSAov AGyor et mi(ept) pddovu Adyol, 39r tables of {(wibiwv) p(oipar),
vniepoyal | avapop(@v), 6pb(fig) opaip(ag) | avapop(ai), i pdd(ov) | dvap(opai),
Bexap(opiar), 40r evradba émt T(fg) 0pO(Tig) opaip(ag) | amd v Epxetat v TML
Tipolxeipwt Gmod Yo, 42r mi(epl) wpook(omog), 42v quater AmO KPLOD, KATA TO o
0eli(8lov), &mo ¥, ék T(@v) pevelddov o@allpk(@v), 43r Afpu(a) o, 43v Afjppa
| B, 44r (81) 10 B’ Afjplpa, 44v quinguies 8 p(oipar) (yop) R EK, 81 10 o Afjpupa,
810 16 B’ Afjppa, k(atd) T(&g) ap(xds), (81ax) TO B’ Afjplpa, 451 bis Afjpp(a) o, Aqppa
B, 46v bis AMjupa o, schematic summary, 47r Afjupa | B, 47v bis Afjupa y', Afjpupa
&', 481 (810) T(AS) Mo&woe(wg), 48v (81a) TO B Afjppa, 57v ri(ept) T(fg) Ao&woe(wg),
61v 0 inmap(xo¢), 64v bis Ti(ept) T(0D) {wi(Siov)*®, m(ept) T(0D) Opo(kévtpov), 68v
OpaAr (bis), 71r short schematic summary, 75v ter Tig nuia (sic) (o) kdop(ov)
ni(epy)otpowr], Ti T0 &MA(DG) vuxbrpuep(ov), Ti T0 OpaA(Ov) vuxbruep(ov), 81v—-82r
annotations to the tables of the mean motions of the Moon, 92r témot, 97v
avwpa(Aia) (bis), 100r 6te (amo) T(od) drolyei(ov) T(0D) &lmu(kikAov) d@éloTrnk(ev)
n C plop@v) o¢ nolée, 102v 81& T(0v) pocuAloyiop(év), 106v Ta oeAidia TAG
ka0’ 6Aov oeAnviakig dvwpaliog (eiotv) oUtwe:— | v Tf] ouvtdEely' 8 € ¢ | év
T poyeipwt | kavovt Y €' ¢ 8 mAdT(og) | *¢7, 110r &v(ti) T(oD) @arvopév(ov) |
(xpdvov) T(fig) (ng), 1161 Ti(ept) T(AS) (Bra)pop(dg) | T(@v) T(Ag) C mapaA|Adée(wv)
T(AG) (816) T(1v) | &v (@) Emi(kVkAw) (&mo) | T(Ag) pletd)Baotv | yvopév(ng), 118r
napardéerg (RAiov) k(al) ((ng) émi T(@v) 8 avt(@v) Kk(ai) Tod K(aTd) KOpLETV
ypaopélv(wv) peyiot(wv) (kokAwv)', 120v ywviat, 122v & (B 1 k¢ po’ K 1
Vo', 123r bis mi(epl) T(0D) kavov(og) T(fig) op(aAiic) <(ng), m(ept) T(od) pnviaiov
kavov(og), 123v ri(ept) T(ob) eviavataiov kavov(og), 125r annotations to the tables
of conjunctions, 126r (@¢) 8&T AapBdvel(v) | dvwpa(hov) (wpraiov) k(ata) prijk(og)
kiviu(a) T(Ag) ¢ 127r m(epl) 1O mepryleiov T(oD) €m(kvkAov), 128v bis (fAiov)
éxAewtikol 6pot, ((nG) €xAetmttikol dpot, 132v ter Emox(@v), kavovi(ov) (MAYK(WV)
éxheipe(wv) p(eyiotov) | (dmo)otrpatog, (amo) t(od) Bopei(ov) mépat(og), 133r
bis kavovi(ov) nAak(@v) EkAeilPewv, kavovi(ov) oeAn|viak(@v) ekAelpewy, 138v
ter épmtoe(wv), T(OV) dvwpalAiwv (Opaia) kwr|pata, T(@v) T(0D) inmdp(xov),
140v ter t(oD) peyd(Aov) (&mo)lotrpat(og), éunt(wotg) k(ai) &lvakddapoi(c), TO
éx T(AQ) eatlvopevng dvwpahi(ag) | evplokop(evov), 141v wpaiov, 148v n@G TG
émoxag T(@v) dmav(@v) (dotépwv) ENapev 6 mrolep(ai)(og), 154r Tob EmikA(nv)

166 Nomen sacrum.
167 See Ptolemaei opera omnia 1.1.391 app.
168 See Ptolemaei opera omnia 1.1.443 app.
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£voeB(0Dg) | Tob p(etd) G8piLdvov, 155-164 annotations to the star catalogue, 168r
bis 1(0D) ypagévt(og), T(ol) éNdTTovog, 168V quater Tob kpikov, k(atd) mMAdT(0g),
k(o) dvaypagriy, TOV dmhalvav (dotépwv), 1691 schematic summary, 169v ter ti
kpULG, Ti oUvodog, Ti EmToAr, 170r schematic summary, 174v v (éotd) k() | &
TIAGTog, 1761 ter kaBam(ep) v T(@L) Y | BBAiwt temot|pévov, pndepi(av) aiodnt(nv)
| Blapop(av) motovvT(wv), €k T(@V) Tnproewy, 178r, 179v, 181r, 182v, 184r anno-
tations to the tables of the mean motions in longitude and anomaly of the five
planets, 185v v 1@t Y’ BiPAiwt, 193r data concerning the Moon and Mercury, in
tabular form, 196r (81&) 0 Y 8ew(pnua) t(od) ¢ kep(aAaiov) Tod 6 BBAiov, 196v
£ig T& mporyovpe(va), 1971 T(fv) vIC avT(0D) K(aTa)AnPdeio(ng), 199r mroAepaiov,
207r quinquies wg £8eixOn | &v T(@L) € Bew(pripaty), v T(@L) 1€’ Bew(pripatt), TPOT
1y’ Bew?, ToD dpai(ob), T(AS) dvaypa@iig, 208r ter Gv(w)Tépw, (WG) dvw £8ei(xOn),
(wg) dvwTtépw £8eixBn, 209v k(atd) Slovdlotov, 211v bis OpaAfG, TAG ' ORAARS,
213r Wg v, 215v bis &mi tob 816¢, k(atd) T0 o £1(0¢g) &dvTwvivov, 216V bis k(aTa)
8lovoai(ov), wpat e 1, 217r bis 1(fg) B pavop(évng) Saot(doews), T(fig) B
OpoA(fig) Saotdoe(wg), 221r péows, 222r bis i Tod oD h, ni(epl) 10 o £1(0g)
avtwviv(ov) amoyeil(ov) m plop@v) xy’, 222v k(atd) 10 o &t(og) dvtwviv(ov),
223v ék T(@V) &v Toig Kavdowv | Opal(@v) kiviioewy, 224r T(apad) T(Nv) {widak(rv)
| dvwpa(A) Sap(opav), 228v ter t(od) T(fig) dvwpa(liag) kavov(iov), T(Gv) &v
(@) 6 BPB(Aiwt) Extedeu(evwv), T(Nv) mpo | T(fig) Sialkpioe|wg, 229r €k T(oD) Y’
k(at) 8’ | oehbiov, 257v ter k(ata) mAd(Tog) m(apa)xwlprioelg &v | T(@i) € BBAi(w),
émi 1(fg) C(NG), émti T(@v) € Malvwpé(vawv).

Supplement 3 IxoAiov and related terms in
Pappus and Theon

As Pappus and Theon designate their commentaries by the term oy6Atov/a, it can
be useful to have a complete list of the occurrences of such and other designa-
tions of their writings.

a) Pappus. He designates each book of his commentary in Alm. by the term
oxOAlov, in the singular. He uses the samed term to refer to in Alm. 1in Coll. 8.46
(Hultsch 1876-1878, 1106.14), in the same manner as we read in the titles of in Alm.
5 and 6 (Rome 1931-1943, 1.2 and 171.2) and on two occasions during the com-
mentary itself (ibid., 76.21 and 302.16, references to in Alm. 1 and 5). Elsewhere,
the singular is employed to designate a particular remark (ibid., 243.11). We find
the plural in a generic meaning (ibid., 86.18), or to designate individual books
(ibid., 184.8, 199.4, 255.1, references to in Alm. 5, again 5 and 1, respectively) or
the whole of the preceding annotations (ibid., 66.9). The noun UnOPVNua is never
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read in Pappus, who twice uses the expression Unopvioewg €vekev (ibid., 173.24
and 258.20) in order to open or close side-arguments, and who characterizes his
own exegetic activity by the verbal form bmopvrioopev (ibid., 184.10).

b) Theon. In his designations he adopts the opposite convention compared to
that of Pappus’. The term ox0Alov does not feature in his in Alm. 1-4, but, in the
“Great Commentary” to the Handy Tables, he refers to the whole of his magnum
opus by the term oyoAx (Mogenet/Tihon 1985-1999, 1.94.6, 1.106.6, 1.107.18,
1.108.9, 1.154.12); three occurrences of oxOAlov in the singular, of which two are
dubious, designate specific remarks in the “Little Commentary” (ibid., 1.123.4,
1.123.10, 1.134.23-24). On the other hand, the titles and subscriptions of in Alm. and
of the “Great Commentary” designate each book as Unopvnpa: in Alm. 1 at Rome
19311943, 317.3 and 463.3, in Alm. 2 ibid., 601.4, in Alm. 3 ibid., 807.3, “Great Com-
mentary” 1 at Mogenet/Tihon 1985-1999, 1.93.1 and 1.158.11, “Great Commentary”
2ibid., 2.58.6. In order to name the first treatise, Theon uses Uropvnpacig at Rome
1931-1943, 935.24; vmopvnua for the first at Mogenet/Tihon 1985-1999, 2.197.26,
and for the second at Rome 1931-1943, 914.1, 922.13, 938.12; in the “Little Com-
mentary”, the “Great Commentary” is referred to as ovvtaypa (var. ovyypoppa):
Tihon 1978, 199.4. We again find Umépvnpa for the Ptolemaic “instructions” to
the Handy Tables in Mogenet/Tihon 1985-1999, 2.21.18 and 2.274. Theon names
his own activity Omopvnpatiopog at Rome 1931-1943, 318.1, 319.2, 977.6, and at
Mogenet/Tihon 1985-1999, 1.94.3, bmopvipaolg at Rome 1931-1943, 914.1. Ibid.,
318.7-8, what is at issue are Umopvruota redacted by former vropvnuaTioTAL
the verb vmopvnuatiCw can be found at Tihon 1978, 199.8, and Mogenet/Tihon
1985-1999, 1.93.7.

In Prol. we find the following scholium (Acerbi/Vinel/Vitrac 2010, 120.1 app.):
EK TV Znvodwpov oxoAwv WG loTopel 6 OEwV v T €IG TV GUVTOELY DTTOUVAHATL
émoinoe 8¢ o Iammog BAiov dAov mepl ToD Tpokelpévou poPAnpatog. Note the
three different designations oyoAtov, Unopvnpa, BipAiov, the first of which is quite
unusual for a primary, “formal” mathematical treatise.
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