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In the 1120s, the Jewish philosopher and scientist Abraham Bar Hiyya
(d. ca. 1136) wrote a Hebrew encyclopedia, Yesodei ha-tevunah u-
migdal ha-’emunab; a detailed chapter on mathematics is extant from
this work. One source of its account of the nature of number has long
been known to be Nicomachus of Gerasa’s Introduction to Arithmetic.
Three Arabic versions of Nicomachus are known to have existed:
Habib Ibn Bahriz’s translation from the Syriac, now lost; al-Kindi’s
revision of the latter, lost in Arabic but extant in a Hebrew translation
by Qalonymos ben Qalonymos; and Thabit Ibn Qurra’s translation
from the Greek. A close comparison of Bar Hiyya's text with the others
and with the Greek original leads to the conclusion that Bar Hiyya used
Habib Ibn Bahriz’s Arabic translation in its unrevised form and had no
contact with Thabit Ibn Qurra’s translation.
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Nicomachus of Gerasa in Spain,
Circa 1100:
Abraham Bar Hiyya’s Testimony

Abraham Bar Hiyya (d. ca. 1136) was the first scholar in Sefarad to engage
in a systematic effort to transmit Greco-Arabic science and philosophy
to the Jews north of the Pyrenees, whose cultural tongue was Hebrew.
One of the works he composed with this in mind was his encyclopedia
Yesodei ha-tevunah u-migdal ha-’emunah (The Foundations of Reason
and Tower of Faith),? which, according to Bar Hiyya himself, was based
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on sources in Arabic. The extant part of Yesodei ha-tevunah contains a
relatively detailed chapter on mathematics, including an account of the
nature of number. The present article seeks to shed some new light on
the literary sources of one section of this account.

José Maria Millds Vallicrosa, the editor of Yesode: ha-tevunah u-
migdal ha->emunah, noted that the section entitled “On the Science of
Number” is based on the Introduction to Arithmetic by Nicomachus of
Gerasa.” He did not comment, however, on the precise source through
which Bar Hiyya became acquainted with Nicomachus.* Recent
progress in our knowledge of the complex and multi-layered reception
and transmission of Nicomachus’ work in Arabic allows us to answer
this question.

There are two distinct branches of the transmission of Nicomachus’
work in Arabic. The first begins with Habib Ibn Bahriz’s translation
from Syriac into Arabic. The second derives from the slightly later
translation by Thabit Ibn Qurra, made directly from the Greek. In
what follows we schematically recapitulate what is known about these
two traditions.”

The first line of transmission comprises (with some simplification)
four phases, straddling some four centuries: (1) In the late eighth
century (as it seems), Nicomachus’ Introduction to Arithmetic was
translated from Greek into Syriac. This anonymous translation, no
longer extant, was apparently rather literal. (2) A few decades later, and
certainly before 822, Habib Ibn Bahriz, a noted Nestorian metropolitan
and translator, rendered the work from Syriac into Arabic. Habib
translated some sentences literally, but paraphrased others and included
additional material —some of it his own work, some of it derived from
other sources. Habib’s translation is not extant, but several quotations
from it are imbedded in Tz’rih Ya‘qubi (completed before 873).°
(3) Habib’s Arabic version of the Introduction to Arithmetic soon
reached al-Kindi (d. ca. 870). Realizing that Habib had tinkered with

the text and introduced numerous “errors,” he set out to “revise” the
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text. He apparently did not commit his revision to writing himself,
but had this done by one of his students, who put it in circulation. In
this new version, some paragraphs are explicitly ascribed to al-Kindi

TextinRichard Hoche, ed., Nicomachi Geraseni Pythagorei Introductionis arithmeticae
Libri II (Leipzig: Teubner, 1866); English translation in Nicomachus of Gerasa,
Introduction to Arithmetic. Translated into English by Martin Luther D’Ooge, with
Studies in Greek Arithmetic by Frank Egleston Robbins and Louis Charles Karpinski
(New York: MacMillan, 1926); see pp. 71-87 on Nicomachus’ life and works.

La obra enciclopédica, p. 14. On Bar Hiyya’s mathematical vocabulary, see Gad B.-
A. Sarfatti, Mathematical Terminology in Hebrew Scientific Literature of the Middle
Ages (Jerusalem: Magnes Press, 1968), 61-129 (Heb.).

We draw on Gad Freudenthal and Tony Lévy, “De Gérase a Bagdad: Ibn Bahriz, al-
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la version hébraique de Qalonymos ben Qalonymos d’Arles,” in Régis Morelon and
Ahmed Hasnawi, eds., De Zénon d’Elée & Poincaré. Recueil d’études en hommage a
Roshdi Rashed (Louvain and Paris: Editions Pecters 2004), 479-544; Gad Freudenthal,
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Arithmetic,” in Y. T. Langermann et al., eds., Adaptations and Innovations: Studies
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Early Middle Ages to the Late Twentieth Century, dedicated to Prof. Joel L. Kraemer
(Louvain: Editions Peeters, 2007), 67-82. Some details not germane to the present
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1969), 140-43. This section is translated in M. Klamroth, “Uber die Ausziige aus
griechischen Schriftstellern bei al-Ja‘qubi,” Zeitschrift der deutschen morgenlindischen
Gesellschaft 42 (1888): 1-44, on pp. 9-16. See also Fuat Sezgin, Geschichte des
arabischen Schrifttums. Band V: Mathematik (Leiden: Brill, 1974), 164—66.
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(they apparently derive from notes written by al-Kindi himself); but he
certainly interfered thoroughly in other sections of the work as well.
We therefore refer to the text produced by al-Kindr’s student as the
“Habib-Kindi version.” The Arabic text of this version is not known
to be extant. (4) The Habib-Kindi version is, however, preserved in a
Hebrew translation, dated 1317 and extant in several manuscripts, by
the well-known translator and scholar Qalonymos ben Qalonymos.
Qalonymos is known to have translated rather literally, so the Hebrew
version of the Habib-Kindi version can be assumed to reflect it
faithfully. Below, when we refer to the text of the Habib-Kindi version,
we have in mind this version as represented by Qalonymos’ Hebrew.”
The prologue of the Habib-Kindi version, from which we derive much
of what we know about the history of the work in the Arabic tradition,
has recently been published (in Hebrew).?

In parallel, the well-known mathematician and translator Thabit Ibn
Qurra (826-901) soon translated Nicomachus anew into Arabic, this
time directly from the Greek. This translation is totally independent of
the Habib-Kindi version.’

Abraham Bar Hiyya composed his encyclopedia, Yesode: ha-
tevunah wu-migdal ha-"emunahb, in the early decades of the twelfth
century, perhaps in the 1120s, around the same time as he wrote the
related geometrical treatise Hibbur ha-mesihah we-ha-tishoret and
Sefer ha-‘tbbur (1123). His acquaintance with Nicomachus’ teachings
could thus have drawn on three Arabic texts: Habib Ibn Bahriz’s
original Arabic version, prior to its revision by al-Kinds; the Habib-
Kindi version; and Thabit’s translation. Here we want to determine
which source Bar Hiyya used. For this purpose we have identified and
compared a number of sentences from Bar Hiyya’s encyclopedia that
have equivalents in the Habib-Kindi version, in Thabit’s translation,
and in the Greek original.

One possibility can quickly be ruled out. It is certain that Bar
Hiyya did not use Thabit Ibn Qurra’s translation. As we shall see,

192

Mauro Zonta and Gad Freudenthal

comparison of the sentences to be studied below with their parallels in
Thabit’s version shows them to be completely unrelated.

The main question, then, is whether Bar Hiyya depended on
Habib Ibn Bahriz’s version or on its revision by al-Kindi. A superficial
comparison of the Habib-Kindi version (as preserved in Hebrew)
with Bar Hiyya’s treatment suggests that Bar Hiyya did not use it: his
encyclopedia never echoes any of the passages explicitly ascribed to al-
Kindi in the Habib-Kindi version. By process of elimination, Bar Hiyya
used the Arabic translation by Habib Ibn Bahriz prior to its revision by
Kindi. (This is also the text used by Ya‘qubi.) This hypothesis guided
the research whose results are presented here. We now examine whether
this conjecture, which we reached by elimination, can be substantiated
positively as well.

We proceeded as follows: We first identified all the sentences or
phrases in Bar Hiyya’s text that have exact or nearly exact counterparts
in at least one of the two sources; viz. in the Greek text or in the Habib-
Kindi version.!® We then compared each sentence or phrase with the

7 We refer to a single manuscript, which we have checked against several others: MS
Halle, Universitits- und Landesbibliothek Sachsen-Anhalt, Yb 4° 5. The other
manuscripts are listed in Freudenthal-Lévy, “De Gérase a Bagdad,” p. 513.

8 Included (Hebrew text with French translation) in Freudenthal and Lévy, “De Gérase
a Bagdad.”

9 Textin Tabit b. Qurra’s arabische Ubersetzung der Arithmetike Eisagoge des Niko-
machos von Gerasa, ed. Wilhelm Kutsch (Beirut: Imprimerie catholique, 1958).

10

We thus leave out of consideration two possible categories that have no bearing on the
present research: (1) Sentences or phrases that are in Bar Hiyya but are not found in
the Greek and the Habib-Kindi version. Bar Hiyya may have found them in Habib’s
version (from which they were subsequently deleted by al-Kindi) or they may be his
own additions. (2) Sentences or phrases that are in both the Greek text and the Habib-

Kindi version, but not in Bar Hiyya’s encyclopedia: these must have been deleted by
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corresponding sentence or phrase in the other texts. In principle the
following “ideal types” of cases are possible:

(A)  Sentences or phrases that are in Bar Hiyya, the Greek
text, and the Habib-Kindi version. These must have been in
Habib’s version, from which they passed to the Habib-Kindi
version (surviving Kindi’s revision). However, because Bar
Hiyya may have found them in either of these two sources they
are of little use for our investigation.

(B)  Sentences or phrases that are in Bar Hiyya’s text and
in the Habib-Kind1 version but not in the Greek text. These
are interpolations by either Habib Ibn Bahriz or Kindi. They
obviously do not allow us to know what Bar Hiyya’s source
was and so they too are not germane to the present inquiry.
(C)  Sentences or phrases that are in Bar Hiyya’s text and
in the Greek text, but not in the Habib-Kindi version. Bar
Hiyya must have borrowed these sentences or phrases, which
go back to Nicomachus himself, from Habib’s version, the only
channel through which they could reach him. (These would be
sentences or phrases that fell victim to al-Kindr’s purification
of Habib’s version.) Sentences of this kind would obviously be
most valuable, for they would positively confirm our hypothesis
that Bar Hiyya depended on Habib’s version. Of course it is
possible that in some cases the situation will not be so neat, but
the essential point will remain of having identified material that
Bar Hiyya could have derived only from Habib’s version.

By contrast, our hypothesis would be refuted if we find cases of the
following type:

(D)  Sentences or phrases that are in Bar Hiyya’s text and
that the Habib-Kindi version explicitly ascribes to Kindi. (We
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cannot know with certainty the origin of other material in the
Habib-Kindi version that is not in the Greek.)

To avoid possible misunderstandings, a few observations seem
appropriate. First, our methodology rests on identifying material that
Bar Hiyya could only have taken from a version of Nicomachus that is
closer to the Greek than the Habib-Kindi version is. Since the two texts
are rather close (one being a reworking of the other), our best hope
for arriving at conclusive results is via a word-to-word comparison of
suitable passages. Unfortunately, most of the Nicomachean material in
Yesodei ha-tevunah consists of paraphrases and is of little use for our
purposes. We are left with seven texts that represent all the passages
we have identified as meeting the requirement of a word-to-word
comparability (it is of course possible that one or more have escaped
us). Second, our method makes no assumption as to how literal any of
the translations were. Rather, a word-to-word correspondence attests
to the fact that the sentence or phrase in question was successively
rendered literally by all translators. That they survived the paraphrastic
zeal of Habib and al-Kindi and were also used verbatim by Bar Hiyya
is quite remarkable; this is why they are so few in number. Third and
last, to establish our case, we do not need to discuss all the differences
between a given text in Bar Hiyya and the other texts. What is relevant
for our purpose is only to point out instances in which Bar Hiyya’s
encyclopedia contains material that could not have reached him
through the Habib-Kindi version. At the same time we must make sure
that no counter examples (case D above) show up.

Let us now consider the passages that constitute our corpus. (For
the original Greek and Hebrew texts, see the appendix. Where D’Ooge,

Bar Hiyya himself. (They obviously were in Habib’s original version and were thus

certainly available to Bar Hiyya, no matter what source text he used.)
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whose translation of the Greek we are using, re-arranged the order of
the lines to facilitate comprehension, we have re-inserted them in the
location corresponding to the Greek and Hebrew texts, within angle
brackets and in smaller type, to facilitate the comparison.) We proceed
in the order of the text; note that our strongest evidence comes from

the later instances.

Exhibit 1

Our first example relates to one of the properties of numbers.

No. Greek!! Habib-Kindi Abraham Bar Hiyya

1 Every number is at once | Every number is half of its | Every number is half of

half two “sides” its two “sides,”

2 of the sum of the two | when they are added.

[numbers] on either side
of itself,

3 and similarly half Le., when the [number]|the “side” greater than it
greater than that number | and the “side” less [than
by one and the [number] | it].
less than it by one

4 of the sum of those next | are added.

to but one in either di-
rection,

5 and of those beyond them | Similarly it [= every num- | It is similarly the half

too, ber] is half of the “sides of | of the two “sides of its
its sides,” sides,”

6 and also half of what
comes next, when what is
deficient on one of the two
“sides” is equal to what is
in excess on the other.
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7 and so on as far as it is | And so it goes on until|and so on until the end of
possible to go. the deficiency in the small- | all its “sides.”
er “side” reaches unity,

which it cannot go past.

These three texts share a common core (lines 1, 3, 5 and 7)—phrases
going back to the Greek original that were taken over into Habib’s
original Arabic version and survived al-Kindr’s revision. They are no
help in determining the source on which Bar Hiyya drew (case A above).

Line 6 of the Habib-Kindi version is a long sentence that is not in
the Greek or in Bar Hiyya. It is thus an interpolation, which prima facie
can be due either to Habib or to al-Kind1. The latter possibility seems
more likely: For one thing, the character of the interpolation is more
in tune with Kindt’s style. For another, were the interpolation Habib’s,
Bar Hiyya had to have seen it, whatever the text he used, but chose to
delete it. Yet it seems improbable to assume that Bar Hiyya omitted
precisely those words we know to be an interpolation, but which he
could not have identified as such. The simplest explanation, then, is that
these words are an interpolation by al-Kindi that were not in the text
used by Bar Hiyya. The conclusion, thus, is that Bar Hiyya depended
on Habib’s version.

The words in lines 2 and 4 (the concep of “sum” or “addition”),
which are in both the Greek and the Habib-Kindi version, must also
have been in Habib’s version and thus were certainly in the text used
by Bar Hiyya. Their absence from his text is presumably the result of
a deliberate deletion on his part. By contrast, the illustration added by
Bar Hiyya immediately following the above quotation (10 is half of 11
and 9 and half of 12 and 8, which are numbers on its two “sides” in
increasing distance), which is neither in the Greek nor in Habib-Kindji,

I Trans. D’Ooge, p. 192 (slightly modified).
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was presumably added by Bar Hiyya, who knew he was addressing
beginners.!?

Thabit Ibn Qurra’s version (ed. Kutsch, p. 20, 1. 10-13) is remote
from that used by Bar Hiyya. Thabit refers to “numbers” (instead of
“sides,” as in the Greek and in the versions deriving from Habib) and

Mauro Zonta and Gad Freudenthal

8 [One]is the half of one
thing, of a single concept;
it is not the half of two
things nor does it corre-

spond to two concepts.14

writes: “Each number is equal to half of the two numbers that are on its

two sides.” Clearly, Abraham Bar Hiyya did not see this text.

Exhibit 2

This passage bears on the special case of unity.

No. Greek13 Habib-Kindi Abraham Bar Hiyya
1 Unity alone, Unity Unity,
2 because it does not have | adjoins only the smallest
two numbers on either | number, namely two.
side of it,
[5] is half
3 merely of the adjoining | And since it [unity] is|not being a number, does
number. not a number having two | not have two “sides” [lit.
“sides,” you do not find it to have
two sides].
4 And since it is simple
[and] indivisible,
5 <is half> it is the half of its single | it is half of its single
“side,” “side,”
6 i.e. the half of two, i.e. [of] two, of which one
is the half.
7 for two results from its
doubling.
198

In fact, unity is the natu-
ral principle of all [num-

bers].

It has thus been explained
that unity is the cause of

the increase in the num-

ber [lit. the cause of the

number when it grows].

Here again the three texts share a common core, consisting of lines
1, 3 and 5 (case A). Bar Hiyya’s text contains no words that, by
corresponding to the Greek without having an equivalent in the Habib-
Kindi version, would testify to dependence on Habib’s version. The
words “the unity adjoins only the smallest number, namely two” in
the Habib-Kindi version, which go back to the Greek (line 3), must
have been in Habib’s text as well. We can assume that their absence in
Bar Hiyya’s text is due to a deliberate deletion. By contrast, the words
“since it is simple [and] indivisible” in Bar Hiyya’s text (line 4) are
presumably his own addition.

Interestingly, both Habib-Kindiand Bar Hiyya offer a remark about
the number two that has no parallel in the Greek text. The remarks
themselves are different. This parallelism suggests that Habib’s text
already contained such a remark, possibly deriving from a very short
gloss (“i.e. the half of two”: line 6) in either the Greek or the Syriac

12 gy, Millés-Vallicrosa, p. 12:16-21.
13 Trans. D’Ooge, p. 192 (modified; D’Ooge inverts the order of 3 and 5).
14

Le. the number two is “one thing,” falling under a single concept; one is not the half

of two things.
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text. It seems likely that Bar Hiyya preserved Habib’s text unaltered,
for the repeated fold reference to “two” at the end of the passage (Senei
devarim; Senei ‘inyanim; line 8) points to a literal translation from the
dual form in Arabic. Al-Kindy, for his part, echoes a Greek statement
(line 9) that he presumably found in Habib’s text and which Bar Hiyya
did not reproduce.

Thabit Ibn Qurra’s version (ed. Kutsch, p. 20, Il. 13-15) differs from
both Habib-Kindr’s and Bar Hiyya’s versions. Specifically, it does not
state that one is not a number, nor does it allude to the fact that one

Mauro Zonta and Gad Freudenthal

3 because of the aforesaid |[so that] between them
intervention of a unit. there is no unit in the
middle, by which one
would be greater than the
other.
4 <and the odd is that|The odd is that which |and the odd is the number
which cannot be divided | cannot be divided into|which is not divisible in
into two equal parts> two equal parts. the middle.

does not have two “sides.” Clearly, Bar Hiyya did not draw on it.

The next sentence to be considered introduces the distinction between

Exhibit 3

even and odd numbers.

1

(4]

No.

Greek15
The primary division of

number is even and odd.

The even is that which
can be divided into two
equal parts without a unit
intervening in the middle;
and the odd is that which

cannot be divided into

two equal parts

200

Habib-Kind1
The number is primarily
divided into two parts:
one of them is the even
[number], and the other is
the odd [number].
The even is divisible into

two equal parts,

Abraham Bar Hiyya
The number is primarily
divided into two parts,

which are the even and

the odd.

The even is the number
which is divisible in the
middle [lit. in between],

The common core of all three versions (case A) does not allow any
definite conclusions to be drawn from this passage.

Thabit Ibn Qurra’s version (ed. Kutsch, p. 19, 1. 10-13) is, again,
very different from both Habib-Kindt’s and Bar Hiyya’s versions. For
instance, instead of writing that number is divided “into two parts” it
simply states “the first division into which number is divided is: some
of it is even and some odd.”

Exhibit 4

The next passage introduces the characteristically Nicomachean notions
of even-even and even-odd.

No. Greek!® Habib-Kindi Abraham Bar Hiyya

1 By subdivision of the|An even number is di-|An even [number] is di-
even, there are vided visible

2 into three parts.

15 Trans. D’Ooge, p. 190 (D’Ooge inverts the order of 3 and 4).
16 Trans. D’Ooge, p. 192 (D’Ooge inverts the order of 6 and 7).
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3 the even-times even, the | One is the even-times-
odd-times even, and the | even; the second is the
even-times odd. even-times-odd; and the

third is the even-times-
even-times-odd.

4 The even-times even and | Consequently, the first|into two primary parts:
the even-times odd are|two parts, namely the|the even-times-even and
opposites to one another, | even-times-even and the | the even-times-odd.
like extremes, even-times-odd,

5 are distinguished inas-

much as the even and the
odd are distinguished by
definition.

[71 |and the odd-times even

6 is common to them both Together they give rise to
like a2 mean term.

7 <and the odd-times|The third part, which|a third part, which is the
even> is the even-times-even- | even-times-even-times-

times-odd [lit. and odd], |odd.

8 is the mean of the two

ends.

Lines 1, 4, and 7 constitute the common core of all three versions:
Habib’s literal translation was preserved by al-Kindi and also used
by Bar Hiyya. Instructive for our purposes are the additions to this
core. In line 5 the Habib-Kindi version explains that even-times-even
and even-times-odd numbers “are distinguished inasmuch as the even
and the odd are distinguished by definition”: this interpolation clearly
smacks of al-KindT’s logical frame of mind. Its absence from Bar Hiyya’s
version is consistent with our hypothesis that the latter depended on
Habib’s version and not on Kindi’s revision thereof. The same holds of
the words “into three parts” (line 2).
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The words we-yityalled beinehem in Bar Hiyya’s text (line 6, which
we clumsily translated as “together they give rise t0”) seem to reflect
the expression koinon de amfotéron hosper mesotes (= “common to
them both like a mean term™), found in the Greek text. The words “[it]
is the mean of the two ends” (line 8) in the Habib-Kindi version also
seem to go back to this expression. This phrase therefore allows no
conclusions to be drawn.

Not surprisingly, Thabit Ibn Qurra’s version (ed. Kutsch, p. 20,
1. 15-19) differs markedly from Bar Hiyya’s: it does not refer to the
existence of “two first parts” (line 4) and does not contain the definition
of “even-times-even-times-odd” (line 7).

Exhibit 5

This passage identifies a particular species of odd numbers—those that
are odd relative to another number; i.e., that do not have a common
denominator with it.

No. Greek1”
[10a] | Now while these two spe-

Habib-Kind1 Abraham Bar Hiyya

cies of the odd are op-

posed to each other

The definition You find
2 a third one of the third species of odd | that this species of odd
number: [number] [viz. uneven-
times-uneven] has a third
part.
17

Trans. D’Ooge, pp. 203204 (D’Ooge splits 10 in two and moves it to the start of the
passage).
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[10b]

is conceived between
them,

deriving, as it were, its
specific form from them

both

namely the number which

is in itself secondary

and composite,

but relatively to another
number is prime

and incomposite.

<Now while these two
species of the odd are op-
posed to each other (...)
deriving, as it were, its
specific form from them

both>

204

This species supervenes
upon the odd accidentally.
For it is [a number] such
that a comparison with
one another of two com-
posite numbers shows to
have no common denom-
inator  counting them.
However, each, when its
nature is considered on its
own, has a number count-
ing it, [namely, one that]
is a part [ie. a divisor]

of it.

This is the number that
is secondary relatively to
itself,

but prime relatively to

another!® number.

You find this distinction
only with respect to two
odd numbers,

11

12

13
14

15

16

18 g4 Millés-Vallicrosa, p. 14, L.

translation, p. 43).

This exists when a num-
ber, in addition to the
common measure, Unity,
is measured by some
other number

and is therefore able to
admit a fractional part,
or parts, with denomina-
tor other than the number
itself, as well as the one
with itself as denominator.
When this number is com-
pared with another num-
ber of similar properties,
it is found that it cannot
be measured by a measure
common to the other, nor
does it have a fractional
part with the same denom-
inator as those in the other.

As an illustration, let 9

be compared with 25.

Mauro Zonta and Gad Freudenthal

E.g,9,

which consists, as we have
said, of the multiplication
of 3 three times,

when it is compared with
25,

which consists of 5 multi-

plied five times,

[namely] when you com-
pare one of them with the

other.

E.g. the two numbers 9

and 25,

19, but correcting the misprint ebad to aber (as in the
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17 each one of these two
numbers is primary [and]
not composed with re-
spect to the other,

18 | Each of them is second- each of which one is sec-
ary ondary relative to itself

[but prime relative to one
another],

19 | and composite,

20 since they have no com-

mon denominator count-
ing them.

21 |but relatively to each for each of them has a
other they have only the number which counts it,
unity as a common mea-
sure,

22 |and no factors in them and you do not find a
have the same denomi- number common to them
nator which counts both of

them.

Bar Hiyya’s text closely corresponds to the Greek and evinces no traces
of the loose paraphrase of the Habib-Kindi version or its interpolations.
Among the latter, the gloss “this species supervenes upon the odd
accidentally” (l. 4) is particularly characteristic of al-Kindf’s style. We
can surmise that Habib’s translation offered an almost literal translation
of the Greek, which Abraham Bar Hiyya quoted verbatim or almost so.
(The few missing words may have dropped in any of the early stages of
transmission.) The main pertinent point is that, whatever the (minor)
differences between Bar Hiyya and the Greek, Bar Hiyya had at his
disposal some material that is not in the Habib-Kindi version and is
closer to the Greek. The paraphrasis of the Habib-Kindi version thus
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resulted from al-Kindt’s revision. This, we submit, is an unequivocal
instance of Abraham Bar Hiyya’s dependence on a pre-Kindi Arabic
version of the Introduction to Arithmetic (case C). The present case
suffices to establish that Bar Hiyya did not use the Habib-Kindi
version, but rather Habib’s version: the latter still included a literal
translation of some passages that were later expunged by al-Kindi.

Thabit Ibn Qurra’s text (ed. Kutsch, p. 31, ll. 4-13) is again totally
different from the other versions. In particular, it translates (1. 7-11)
the Greek passage of ed. Hoche, p. 29, ll. 5-10, which does not appear
in the other versions and must have been omitted either by the Syriac
translator or by Habib.

Exhibit 6

This passage presents the notion of a “perfect number.”

No. Greek!? Habib-Kindi Abraham Bar Hiyya
1 A different subdivision | The even numbers are di- | From a different perspec-
[lit. yet another]: of the|vided into three classes: |tive [lit. in another way]
simple even numbers, number is divided into
three classes:

2 <and some are intermedi-

ary between them and are

called>
<perfect. (...)> balanced, perfect,
4 i.e. that the sum of its
parts is equal to it;
5 some are superabundant, |abundant [lit. additional], | abundant [lit. exceeding],

19 Trans. D’Ooge, pp. 203, 209 (with some minor changes; D’Ooge relocated lines 2, 3,
and 11).
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(2]

(3]

10

11

12

13

14

[11]

15

16

17

some deficient,

like extremes set over
against each other,

and some are intermedi-
ary between them and are
called

perfect. (...)

The so-called perfect
number ...

<but is always equal to its

parts.>

neither makes its parts
greater than itself, added
together,

nor shows itself greater
than its parts,

but is always equal to its
parts.

Such numbers are 6 and
28;

for 6 has the factors half,
third, and sixth,

208

Le. [this sum is] greater
than it;

deficient,

i.e. that the sum of all its

parts is smaller than it.

We already said that the
balanced number is that
which equals the sum of
all its parts.

This number is analogous
to an animal whose limbs
are evenly matched and

whose form is equitable.

E.g. the number 6 and the
number 28,
for six has a half, and a

third, and a sixth,

and deficient.

A perfect number is

that whose parts counting
it add up to it [lit. fill it],

they neither exceed it,

nor are less than it.

E.g. the number 6,

whose parts are a sixth, a
third, and a half,

and you do not find any
other part thereof.

Mauro Zonta and Gad Freudenthal

18 3,2, and 1, respectively, |viz.3,2and 1,
19 |and these added together | which together are 6. And when you add its
make 6 sixth and its third and its
half you find that they
amount to 6,
20 |and are equal to the origi- | Thus, [taken together]
nal number, these three are equal to
the 6 of which they are
the parts,
21 they neither exceed it, nor | neither less nor more.
are deficient.
22 |28 has the factors half etc. | Much the same holds for | The number 28 is analo-
28. gous to it.

In Introduction to Arithmetic 1:14—16 Nicomachus discusses abundant,
defective, and perfect numbers. The parallel passages in the three
texts allow a word-to-word comparison.’® Here we consider only
the discussion of the perfect numbers; the others lead to similar
conclusions.

Comparison of the three texts confirms our previous analyses
without shedding substantial new light on the transmission of the text.
For our purposes, the salient point is that we again have evidence of Bar
Hiyya’s dependence on a text closer to the Greek than the Habib-Kindi
version is (case C), as reflected in a number of terms and expressions:
e.g., line 1 (Greek pdlin dé anothen ‘yet another’ is very close to Bar
Hiyya’s mi-derek aberet ‘in another way’ but has no counterpart in
Habib-Kindi); lines 13-14; line 19 (the words meqabbes and timsa’
seem to reflect the Greek synkefalaiothénta and genomena, which
have no equivalents in Habib-Kindi). Where the Habib-Kindi version

20 We thank the referee for Aleph for drawing our attention to this passage.

209



has interpolations that are not in Bar Hiyya, these are usually didactic
explanations typical of al-Kindt’s style (e.g. lines 4, 6, 8 and especially
12). Particularly noteworthy is a semantic shift introduced by Kindi. To
denote the notion of perfect number, Nicomachus uses the term téleios
‘perfect, complete, full’, which Bar Hiyya faithfully renders as male’,
testifying to dependence on an Arabic version that in turn faithfully
reflected the Greek. (Habib may have used either malz’ “full’ in the
sense of “complete” or, less likely, tamm ‘complete, perfect’, as Thabit
did [see below].) The Habib-Kindi version has saweh ‘balanced, equal,’
instead. This would seem to be a deliberate, philosophically motivated
choice by al-Kindji, reflecting his view that “this number is analogous
to an animal whose limbs are evenly matched and whose form is
equitable” (line 12).

A comparison of Thabit’s translation (ed. Kutsch, p. 36, 1l. 12-14;
p. 38, ll. 11-13 and 18-20) with the Habib and Habib-Kindi versions
shows that it is more detailed, literal, and extensive, differing from
them in almost every word. The only noteworthy point is that Thabit
translates the Greek téleios as tamma ‘perfect’ (p. 36, 1. 14). This
confirms that the version used by Thabit had the reading réleios, so
there is no reason to assume that the term “balanced” found in the
Habib-Kindi version goes back to a different Greek text. Whatever
Arabic term may have rendered téleios in Habib’s translation, al-Kind1
replaced it with a term denoting “balanced.”
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This passage discusses a property of odd numbers.

1

21

No.

Greek?!
The odd is a number
which in any division
whatsoever, which neces-
sarily is a division into

unequal parts,

shows both the two spe-
cies of number togeth-
er, never without inter-
mixture of one with the
other,

but always in one anoth-

er’s company.

See D’Ooge, p. 191.

Habib-Kindi
An odd number is one
that however you divide
it, its parts will not be

equal;

they must be jointly even

and odd.

Le. if one of the parts is

odd, the other is even.

It is therefore manifest
that the parts of an odd
number are closest to
being equal when the dif-
ference between them is
a unit, by which one of

them exceeds the other.

Abraham Bar Hiyya
An odd number is one
whose parts are never

equal,

neither in their magnitude

nor in their form.

Rather, one will always be
even, and the other odd.
You can divide an even
number into two equal
parts, but you cannot di-
vide an odd number into
two equal parts.
However, if you divide
them [i.e. odd numbers]
precisely, and bring them
close to being equal, then
you find that one part is
greater or smaller than the

other by one.
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This passage is particularly interesting. A core common to all three
versions (lines 1 and 4), is followed by a sentence (line 6) that is not in
the Greek but is found in both the Habib-Kindi version and Bar Hiyya
(case B). This suggests that it is a late interpolation, which found its way
into Habib’s translation and thence into the Habib-Kindi version and
into Bar Hiyya’s encyclopedia. This hypothesis is confirmed by what
comes after this sentence. In the Habib-Kindi version,?? it is followed
by a short discussion, also absent from the Greek, of the method called
diallélos: the method was originated by Iamblichos, and the sentence
seems to have been interpolated either by the Syriac translator or, more
likely, by Habib himself, who had access to Greek sources.?* Line 6
and the discussion of diallélos seem to be part of the same interpolation.
Since we know that the discussion of diallélos must be a late (post-
Iamblichos) addition, the remark that the closest one can come to
dividing an odd number into two equal parts is two parts differing
by one unit is also a late interpolation. We see again that Bar Hiyya
depended on Habib’s text, from which he deleted the reference to
diallélos, correctly judging it unsuitable for beginners. Finally, it should
be observed that although most of the present passage naturally does
not differentiate between Habib’s text and the Habib-Kindi version,
line 4 gives yet another indication that Bar Hiyya depended on Habib:
the Greek words alld pantote (“but always”) have no correspondence
in Habib-Kindi, but are rendered in Bar Hiyya’s text (aval ... le-‘olam
= “rather... always”). By contrast, in the same line, both Habib-Kindi
and Bar Hiyya refer to even and odd, whereas the Greek does not: as in
former similar cases, this variation presumably was already in Habib’s
text, whence it passed to all subsequent versions.

As could be expected, here too Thabit’s translation (ed. Kutsch, p.
20, 1. 3-8) differs from both Habib-Kindt’s text and Bar Hiyya. For
example, the affirmation in the Greek that in odd numbers “the two
species of number [are] together, never without intermixture of one with
the other” (line 3), which is rather freely rendered by Habib-Kindsi, is
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translated literally by Thabit: “and these two species (of number) are
never unmixed in it one with the other” (p. 20, 1l. 6-7). By the same
token, the words “but ... always” discussed above are translated by
Thabit too (lakin ... abadan; p. 20, 1. 7-8).

Conclusion

From a purely chronological point of view, Abraham Bar Hiyya could
have had access to all three Arabic versions of Nicomachus of Gerasa’s
Introduction to Arithmetic: Habib Ibn Bahriz’s original translation
from the Syriac; the revision Habib’s version by al-Kinds; and the
translation from the Greek by Thabit Ibn Qurra. All three had been
executed about two centuries before his time.

We have shown that our section of Yesodei ha-tevunah depends
on Habib’s version and shows no marks of the Habib-Kindi version.
First and significantly, there is not a single trace in Yesodei ha-tevunah
of any of the extensive material explicitly attributed to al-Kindi in the
Habib-Kindi version. This argumentum e silentio, which seems to
us to carry considerable weight in the present context, is confirmed
by positive evidence. A close comparison of Yesodei ha-tevunah
with corresponding loci in the Greek original on the one hand and
in the Habib-Kindi version on the other has demonstrated elements
in Bar Hiyya’s work that derive from the Greek text but are absent
from the Habib-Kindi version (they were presumably deleted by al-
Kindi). Bar Hiyya could have found them only in Habib’s unmodified
translation. Thus, although Habib’s text is lost, it has left marks that
could be retrieved by a careful comparison of the extant texts. We have

22 s Halle, f. 8b, 1. 19-21 (not reproduced here).
23 Freudenthal-Lévy, “De Gérase a Bagdad,” p. 493-95.
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also ruled out the possibility that Bar Hiyya had access to Thabit’s
translation.

As mentioned earlier, some direct quotations from Habib’s version
are preserved in Ya‘qubt’s 72’77h, suggesting the possibility of comparing
Bar Hiyya’s and Ya‘qubi’s texts. Unfortunately, Ya‘qub’s presentation
is too hasty and superficial to allow any conclusions to be drawn from
such a comparison.

Finally, we should note that Abraham Bar Hiyya may have
depended directly on the full text of Nicomachus” work in Habib’s
translation, or on some compendium or epitome based on it. We are not
aware of any such work. In any event, such a work, if it existed, would
have contained enough of Habib’s original text to allow Bar Hiyya to
borrow some of Habib’s original phrasing, including those that have
precise parallels in the Greek text.* Whether Bar Hiyya drew directly
on Habib’s translation of Nicomachus or on a work that quoted from
it, the salient point is that the Nicomachean material in Yesodei ha-
tevunah wu-migdal ha-’emunab derives from Habib’s translation and
not from al-Kindf’s revision.

En passant, the comparison of our three texts has shed some new
light on Habib’s original, unrevised translation. By implication, it has
also revealed more about the style of al-Kindr’s revision. By making
similar comparisons (including other passages), a future editor of
Qalonymos’ Hebrew translation of the Habib-Kind1 version will be
able to identify at least some of the passages that go back to Habib on
the one hand and others on which al-Kindi left his mark.

We have shown that in the early twelfth century Nicomachus’
important work was known in Spain in its first Arabic translation.
We also know that the Habib-Kindi version reached Andalusia before
the beginning of the fourteenth century, when it was translated by
Qalonymos.?> Other Spanishauthors depended on Thabit’s translation.?®
The full story of the reception and influence of Nicomachus’ arithmetic
and philosophy of science remains to be written.?’
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The hypothesis that Bar Hiyya used a compendium is attractive, because it would
account for the great amount of knowledge integrated into Yesodei ha-tevunah.
Many of the sources drawn on in his discussions remain unidentified. One wonders
whether he perhaps found them all in a limited number of works. See also Levey, “The
Encyclopedia of Abraham Savasorda,” p. 258.

The colophons of the extant version of the Habib-Kindi version provide evidence of
a minor revision made in Andalusia. See Freudenthal-Lévy, “De Gérase a Bagdad.”
Julio Samsd, “The Exact Sciences in al-Andalus,” in Salma Khadra Jayyusi, ed., The
Legacy of Muslim Spain (= Handbuch der Orientalistik, tome 12) (Leiden: Brill,
1992), 952-73, on pp. 953-54; Sonja Brentjes, “Untersuchungen zum Nicomachus
Arabus,” Centaurus 30 (1987): 212-39.

On Nicomachus’ great and enduring influence on Jewish circles writing in Hebrew,
see Y. Tzvi Langermann, “Studies in Medieval Hebrew Pythagoreanism. Translations
and Notes to Nicomachus” Arithmological Texts,” in Gli Ebrei e le Scienze. The Jews
and the Sciences (= Micrologus 1X [2000]) (Florence: Sismel-Edizioni del Galluzzo,
2000), 219-36.
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Exhibit 1

Greek, book I,
chapter 8, ed.
Hoche, p. 14, 1.
13-16

Habib-Kindi
version, MS Halle,
f.9r, 1. 4-10

Abraham bar Hiyya,
Yesodei ha-tevunah,
ed. Millas Vallicrosa,
p. 12, 11. 15-16

TAG APLOHOG... dpla
fHovg €0t

TOV ap’ Exdrepa
ovvtebéviwy

Kal... 6poiwg fuoig
éoTt

TV mép Eva
ekatépwlev Kelpévwy
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Svvatodv
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Exhibit 2

Greek, book I,
chapter 8, ed.
Hoche, p. 14, 1L
16-19
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Habib-Kindi
version, MS Halle,
f.9r, 11 11-14

Abraham bar Hiyya,
Yesodei ha-tevunah,
ed. Millds Vallicrosa,
p. 12, 1. 21 - p. 13,
1. 2

povotatn 6¢ 1 povdg
S1a T pry Exerv
ékatépwhev adtnv §vo
aptBpovg £vog povov
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071w K1 WK 0™MDoNa
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MmN nw
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XN MK XX NN
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o7y MW Y X9 0MaT
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Exhibit 3

Greek, book I,
chapter 7, ed.
Hoche, p. 13, 1L
9-13

Habib-Kindi
version, MS Halle,
f.8r, 1. 21 - f. 8,
1. 4

Abraham bar
Hiyya, Yesodei ha-
tevunah, ed. Millés
Vallicrosa, p. 13,
11. 4-8

T0D 8¢ dpdpod mpwn
TOMN TO HEV APTIOV, TO
O¢ mepLTToV

€01 O¢ dpTiov pév,

6 olov te gi¢ Svo loa
Sratpedivan
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Exhibit 4

Greek, book I,
chapter 8, ed.
Hoche, p. 14, 1. 19
~p.15, 1.3
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oW

YWXNN MITAN D PR
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NN

T PN WR KT T3
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Habib-Kindi
version, MS Halle,
f.9r, 11 16-19
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Abraham bar

Hiyya, Yesodei ha-

tevunah, ed. Millas
Vallicrosa, p. 13, 11.
13-14

A, 3
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ka0’ vmodiaipeoty 6¢
ToD dpTtiov
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Exhibit 5
Greek, book I, chapter |Habib-Kindi Abraham bar
13, ed. Hoche, p. 28, l. |version, MS Halle, |Hiyya, Yesodei
29 - p. 29, 1. 14 f. 14v, 1. 13-19 ha-tevunah,
ed. Millas
Vallicrosa, p.
14, 11. 18-22
1 ghial XYM NN
2 ..Tpitov 1DONIN WIHW PN pon T Tob
T wHOw
3 ava péoov T Bewpeitat...
(p-29,1. 1)
4 WM DINK PN T
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Exhibit 6

Greek, book I,
chapters 14 and 16,
ed. Hoche, p. 36,
1. 6-9; p. 39, 1L
6-10; p. 39, 1. 19
~p. 40, 1. 4
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Habib-Kindi
version, MS Halle,
f. 16y, 1. 13-15; f.
17r, 11 14-18
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Abraham bar Hiyya,
Yesodei ha-tevunah,
ed. Millas Vallicrosa,
p. 15, 11. 4-8

NAMAX 77T PO Donm
:opYn 2y

NonY

nTIN

om

WK KT XYNT 0onm

11

12

13

14

15

16

17
18
19

20
21

22

aiei {oog Toig £avToD
pépeoty DIAPXWYV...
(p. 39, 11. 9-10)

oVTe T pépn EavTod
mAgiova AmoTeA®dV
ovvtedévta

obte £avTOV peilova
TOV pep@V AmoPaivwy...
(p- 39, 11. 7-9)

olov 6 ¢ xai O k1

O Te yap ¢ Exel uépn

o

fjilov, Tpitov, EKTOV,

dmep elol v, B,

amep
ovykepahawOévta
opod kal yevopeva ¢’
foa 10 ¢€ apxig vmapyet
Kai obte mhelova obTe
é\dtTova

Kal O KI)...

(pp- 39,1.19 — 40, 1. 4)

Mauro Zonta and Gad Freudenthal

1995 mw PpYn Y95 nuan

Sva T ponT I
UXIIN DM MW 07N
N

M2 1DDM 1 1DDN D 1M
wHw NN Y W Tww D
mnw

N“21 DM
Tww obn
Lawywn ox mn

1O X91197071 XY

1D 15 02 12 o1

DRI MK T YN
NN

POV DTV N

101 DNMD XN

11D Ad

WYY MNW PRYM W
M

AMX PYM Y KM NN X

NNW Y2pn InXwIl
1712 KX PXm W
awvw

AN X1 Mo XY

n“> 7voNn 1Y I

223



1

Exhibit 7

Greek, book I,
chapter 7, ed.
Hoche, p. 14, 1L
4-8
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Habib-Kindi
version, MS Halle,
£ 8y, 11. 16-20
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Abraham bar Hiyya,
Yesodei ha-tevunah,
ed. Millas Vallicrosa,
p. 13, 11. 7-11

95w K11 D YaN
oMW DX 09w PPN

DNIMTA X9 DN XY

N1 091WwY TN YaK
TID) WM

27 NN PYNY 910 Ny
oMW DpYn MWH 0N
9127 71NN 181 070002
WY TIDIT NN pynY
DIDON2 ONW DY
PTPTN NN DX YaX

10 DX 2P O;ona
PN XXM AnNX mwin
TAN MW YV oM TN
THAN 10N VIR



