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An Exploratory Study on the  
Use of a Phylogenetic Algorithm  

in the Reconstruction of  
Stemmata of Halachic Texts

Avishai Yorav
Jerusalem

Tal Dagan
Heinrich-Heine Universität, Düsseldorf

Dan Graur
Tel Aviv University and University of Houston

Until recently, philological-historical analyses of ancient texts were based almost  
exclusively on the know-how of experienced scholars. The main disadvantage of this 
approach is the lack of a methodological means for resolving conflicting conclusions 
reached by different researchers. Additional problems arise when the amount of data 
that needs to be considered is too large to be dealt with manually, or when the evi-
dence precludes a simple description of the ancestry of the various versions. This arti-
cle describes the analysis of several halachic texts through the use of a phylogenetic 
algorithm called maximum parsimony, which was originally designed for the study 
of biological data. Hundreds of textual variants occurring in various manuscript 
witnesses of three halachic texts were used in conjunction with the maximum par-
simony procedure to derive phylogenetic trees from encoded data. Group patterns 
produced by this algorithm were found to be fairly similar to some results obtained 
through conventional philological-historical research conducted on the same texts.  
In a significant number of cases, however, particular stemmatic statements were 
not supported by maximum parsimony. Our conclusion is that phylogenetic meth-
odology may be useful to historical-philologists in reconstructing the stemmata of 
text traditions or the ancestry of halachic manuscripts. Computerized phylogenetic 
algorithms are expected to outperform the traditional manual approach especially 
as far as long documents are concerned, as well as in cases in which a proliferation 
of text witnesses needs to be considered.

The scientific tradition in the humanities differs in several ways from that in 
the natural and exact sciences. This is not only true of the divergent character  
of the subject matter, but also regarding the techniques employed for data orga-
nization and the methodology for deriving inferences. This essay explores the 
interdisciplinary use of a methodological tool from evolutionary biology in  
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philological-historical research.1 In particular, we shall study the efficiency with 
which the history of ancient halachic text witnesses can be reconstructed cor-
rectly by maximum parsimony.

One of the principal tasks of historical philology as far as investigating texts is 
concerned is the arrangement of text witnesses in stemma form. Until recently, 
the standard methodology for stemmatic reconstruction was mainly based  
on the insights, know-how, and intuition of experienced scholars. The main 
disadvantage of this approach is the lack of a methodological means for resolv-
ing conflicting conclusions reached by different researchers. Additional prob-
lems arise when the amount of data to be considered is too large to be dealt 
with manually, or when inconsistencies due to contamination preclude the 
unequivocal description of the ancestry of the various text witnesses. The ac-
curacy of inferred hierarchical clusterings of text witnesses increases with the 
number of paragraphs that are common to the textual variants under study. 
However, the number of possible combinations (stemmata) rises as well, and 
as a result so does the difficulty to reach properly integrated inferences. Man-
ual resolution is only possible when the number of text witnesses is small, but 
becomes successively more difficult as these proliferate. A typical drawback of  
human intuition is the tendency to ignore evidence pertaining to negative re-
lationships, that is, the assessment that links between two elements are not 
found. Phylogenetic algorithms can evaluate negative information as easily as 
positive information.

Here, we attempt to complement the traditional methodology with a com-
puterized algorithm capable of clustering what might otherwise be indefinite or  
uninformative data. For convenience, we assume that the conventional analyses 
represent the “truth.” The reliability of the algorithm is, then, evaluated accord-
ing to the level of congruence exhibited between its output and the “truth.” In 
general, we seek algorithmic assistance to human deduction. Under the rea-
sonable assumption that it is impossible to program all the plethora of consid-
erations necessary for philological-historical analysis, stemmatic reconstruc-
tion cannot be automated in its entirety. In general, we seek to draw on quan-
titative concepts, rather than be “restricted” by them.

Since the late 1960s, sophisticated methods for the reconstruction of the evo-
lutionary history of biological species on the basis of molecular data (DNA and 
proteins) have been developed. Many of these methods have been implement-
ed as computer software and are publicly available. In fact, this field of study, 
which is known as molecular phylogenetics,2 has matured into a well established  

	 1	 This essay constitutes a second stage in the development of a methodology for the analysis of 
hierarchical relationships among halachic text witnesses. The first treatment of the subject was : 
Avishai Yorav, Serial Norm for Comparison of Textual Variants (Heb.) (August 2003) http ://www.
daat.ac.il/daat/toshba/mechkar/norma-2.htm.

	 2	 For an introduction to the subject of molecular phylogenetics, see : Walter M. Fitch and Emman-

2
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discipline mathematically, algorithmically, and biologically. Some of these 
reconstruction methods, that is, molecular phylogenetics, utilize textual infor-
mation written either in the four-letter alphabet of DNA sequences or the 20-
letter alphabet of proteins. In principle, therefore, these methods may be exa-
pted for use on texts other than molecular sequences. There are many similari-
ties between the development of text traditions and the evolution of biological 
entities. In both cases, information is transmitted by “descent with modifica-
tion.” In living organisms, the information is contained in the genetic materi-
al, transmitted by replication of the genetic material, and modified by muta-
tion. In text traditions, the information is the text, transmitted by copying,  
and modified by error or deliberate change. The similarities between biolog-
ical and textual evolution have been noted in the 1970s.3 Beginning with the 
late 1990s, molecular phylogenetic methodology has been used to reconstruct 
the stemmata of text traditions and ancestor-descendant status of literary texts.4 

3

uel Margoliash, “Construction of phylogenetic trees,” Science, 155 (1967) 279–284 ; Dan Graur and 
Wen-Hsiung Li, Fundamentals of Molecular Evolution (2nd ed. ; Sunderland, Mass.: Sinauer Asso-
ciates, 2000) ; Joseph Felsenstein, Inferring Phylogenies (Sunderland, Mass.: Sinauer Associates, 
2003) ; Simon Whelan, Pietro Lió, and Nick Goldman, “Molecular Phylogenetics : State-of-the-
art Methods for Looking into the Past,” Trends in Genetics 17 (2001) 262–72 ; David L. Swofford. 
PAUP*. Phylogenetic Analysis Using Parsimony (*and other methods) (Sunderland, Mass.: Sinau-
er Associates, 2001) ; Roderic D. M. Page and Edward C. Holmes, Molecular Evolution : A Phy-
logenetic Approach (Oxford : Blackwell Science, 1998); Willi Hennig, Phylogenetic Systematics 
(Urbana : Univ. of Illinois Press, 1966) ; Ian J. Kitching, Peter L. Forey, Christopher Humphries, 
and David M. Williams, Cladistics : The Theory and Practice of Parsimony Analysis, Systematics 
Association, Publication 11 (Oxford : Oxford Univ. Press, 1998) ; Naruya Saitou and Masatoshi Nei, 
“The Neighbor Joining Method : A New Method for Reconstructing Phylogenetic Trees,” Molec-
ular Biology and Evolution 4 (1987) 406–25.

	 3	 Norman I. Platnick and Howard Donald Cameron, “Cladistic Methods in Textual, Linguistic, and  
Phylogenetic Analysis,” Systematic Zoology 26 (1977) 380–85.

	 4	 Adrian C. Barbrook, and others, “The Phylogeny of The Canterbury Tales,” Nature 394 (1998) 839 ; 
Christopher J. Howe, and others, “Manuscript Evolution,” Trends in Genetics 17 (2001) 147–52 ; 
Matthew Spencer and Christopher J. Howe, “Estimating Distances Between Manuscripts Based 
on Copying Errors,” Literary and Linguistic Computing 16, 4 (2001) 467–84 ; Linne R. Mooney, and 
others, “Stemmatic Analysis of John Lydgate’s Verse Chronicle ‘The Kings of England Sithen Wil-
liam the Conqueror,’” Revue d’Histoire des Texts 31 (2003) 277–99 ; Arthur R. Lee, III, “Numerical 
Taxonomy Revisited : John Griffith, Cladistic Analysis and St. Augustine’s Quaestiones in Hepta-
teuchum,” StPatr 20 (1989) 24–32 ; Peter M. W. Robinson, “Computer-Assisted Stemmatic Analy-
sis and ‘Best-Text’ Historical Editing,” in Pieter van Reenen and Margot van Mulken, eds., Stud-
ies in Stemmatology (Amsterdam : Benjamins, 1996); Peter M. W. Robinson and Robert J. O’Hara, 

“Cladisitic Analysis of an Old Norse Manuscript Tradition,” in Susan Hockey and Nancy Ide, eds., 
Research in Humanities Computing (Oxford : Oxford Univ. Press, 1996) 4, 115–37 ; Stephen C. Carl-
son, “A Phylogenetic Approach to N.T. Textual Criticism” (December 1, 2002) http : //www.mind  
spring.com/~scarlson/tc/. An interesting forerunner to the use of phylogenetic methodology in 
the humanities is the field of glottochronology, which deals with the evolution of languages. For 
an early short review of the subject, see Robert B. Lees, “The Basis of Glottochronology,” Language,  
29 (1953) 113–27. The last few years have also witnessed the emergence of a “post-modernistic” 
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So far, however, no Hebrew or Aramaic manuscripts have been subjected to  
phylogenetic analysis.

Our paper has two goals. The first is to apply the phylogenetic methodology  
to rabbinic texts. The second is to compare deductions derived from traditional 
studies with those derived from quantitative phylogenetic analyses. This com-
parison may give us some clues on the extent with which computerized phy-
logenetic algorithms, which were obviously designed for distinctively unrelat-
ed purposes, may be of assistance to philological historians interested in rab-
binic texts.

Phylogenetic trees for the different versions of a manuscript were inferred 
using maximum parsimony. Maximum parsimony is a method of evolutionary 
inference in which the phylogenetic tree with the least number of changes is 
chosen as the most likely one.5 How evolutionary change is measured depends 
on the particular variant of the parsimony employed. In this study, we used the 
simplest parsimony method, called Wagner parsimony.6 Our data was coded 
into binary character states : 1 for presence, 0 for absence. The algorithm can 
also process a modest amount of “no data” input. The Wagner parsimony crite-
rion assumes that each character can be either inserted (0 changes to 1) or delet-
ed (1 changes to 0).7 We count the number of changes during the “evolution” of a  
manuscript for any possible tree. The most parsimonious tree is the one that 
requires the smallest number of changes.

The Wagner maximum parsimony algorithm (as well as other variants of 
maximum parsimony) yields unrooted phylogenetic trees. In such a tree, the 
distances between items and their relative arrangement on it represent an esti-
mate of the affinities among the items. The algorithm identifies pairs of related 
items (sister taxa), and associates them with other items or clusters. In this study 
we opted for unscaled trees, that is, trees in which the lengths of the branches do 
not provide a quantitative estimate of the number of changes along the branch. 
The affinity between items or groups of items (degree of similarity) is graded by 
the number of branches separating them. Since the tree is unrooted, the direc-

4

approach. Followers of this trend are no longer concerned with the “original text,” but rather treat 
each text witness as a distinct entity. Steering clear of any ideological discussion on this issue, we 
will only comment that our present study deals with situations in which it is safe to assume that 
the text witnesses have, in fact, “evolved” from an ancestral urtext.

	 5	 For the reconstruction of the trees, we used the MIX software within the PHYLIP package. Joseph  
Felsenstein, “Parsimony in Systematics : Biological and Statistical Ιssues,” Annual Review of Ecology  
and Systematics 14 (1983) 313–33.

	 6	 Joseph Felsenstein, “PHYLIP — Phylogeny Inference Package (Version 3.2)” Cladistics 5 (1989) 164– 
66. Newer versions, such as the one used by us, can be obtained from Joseph Felsenstein at the 
Department of Genetics, University of Washington, Seattle (http ://evolution.genetics.washing-
ton.edu/phylip.html).

	 7	 The more common variant (character state) was assigned a value of zero ; the other was assigned 
a value of one.



the reconstruction of stemmata 277

tion of an affinity is unspecified. That is, neighboring items may not necessarily  
have a common ancestor or be descended from one other. To determine the 
direction of a tree, that is, to produce a real historical stemma-like diagram, a 
particular item or group of items should be identified as the root of the phylo-
genetic tree.8 Following the selection of a root, a directional (or rooted) tree is  
produced. This tree represents one evolutionary path from the root, via inter-
mediate (mostly hypothetical) items, to the texts under study, which appear as 
terminal nodes.9 Specifying the true root requires knowledge that is extrane-
ous to the texts under study (for example, the ages of the manuscripts or tes-
timony pertaining to the order in which the most ancient versions within a 
group have been copied). Alternatively, a trial-and-error system may be used, 
in which the researcher designates a particular item or group of items as a root, 
and then makes an expert decision on the likelihood of the resulting rooted 
tree based on external considerations. In the absence of any ability to root  
the tree unequivocally, unrooted trees may be used to test certain hypotheses 
concerning the relationships among manuscripts.

The number of possible trees that can be built depends on the number of tex-
tual variants under consideration. This number increases quite rapidly with the 
number of text witnesses,10 and may become even larger in datasets with missing 
characters or indefinable character states. We note that the resulting tree may  
contain errors ; however, by using such statistical methods as bootstrapping, 
one can ascertain which branches are reliable and which are not.

Application of a method from such an unrelated discipline as molecular evo-
lution highlights a series of assumptions of conventional philological method-
ology, some of which are at odds with those used in maximum parsimony. For 
example, when studying copies of a text, one must allow for multiple identical 
errors or corrections of independent origin. This process of babelization11 in the  
evolution of texts is analogous to the occurrence of homoplasies (reversals, 
parallelisms, and convergences) in DNA or proteins. Due to these processes,  

5

	 8	 It is important to note that the root must be uniquely specified. Therefore, a stemma with two or 
more elementary branches cannot be produced. Hybrid products in either evolutionary biolo-
gy or philology cannot be analyzed with a methodology designed to produce binary graphs.

	 9	 Inferred (or hypothetical) items on the diagram appear as internal nodes. The actual texts under 
study appear as terminal nodes and are indicated in this study by Hebrew letters.

	 10	 The number of bifurcating unrooted trees for n textual variants is very large, (2n–5)!/[2ⁿ-3(n–3)!].  
The number of rooted trees is even larger, (2n–3)!/[2ⁿ-3(n–3)!]. Given the staggering number of 
possible trees, only about 25 textual variants can be dealt with by exact maximum parsimony 
algorithms. When the number of variants exceeds 25, tree reconstruction requires heuristic  
approximations.

	 11	 Babelization or “babylonization” has been shown to be the cause of similarities between a tenth-
century text from Italy, a fourteenth-century text from Spain, and a seventheenth-century text 
from Germany, independently of any common textual substrate. See, Avishai Yorav, Serial Norm 
for Comparison of Textual Variants.
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similar character states may not always constitute evidence of a genealogical 
link between text-witnesses. Methods of phylogenetic reconstruction, including  
maximum parsimony, are ill equipped to deal with homoplasious or babelized 
character states. Moreover, the one-root-only and the binary-bifurcation-only 
rules may be too stringent for dealing with the evolution of texts.

Complete reconstruction of relationships among text witnesses consists of 
two steps : the grouping phase (that is, construction of an unrooted phylogenetic 
tree) and determination of directional ancestral-descendant relationships (that  
is, rooting the unrooted tree). Phylogenetic methodology can only assist in the 
first step of the process. It is important to emphasize that the phylogenetic anal-
ysis is purely morphological and does not deal with the different meanings of 
the textual variants. Moreover, phylogenetic analysis can only be used to study 
stemmatological relationships within a set of textual variants. It cannot be used 
to aid in the resolution of questions pertaining to version traditions prior to 
the consolidation of the definite version of a text.

In this study, three halachic texts composed in late-antiquity or early medi-
eval times and transcribed during the Middle Ages were investigated. The sur-
viving text witnesses had been studied and documented extensively using tra-
ditional methods. Meticulous encoding of the textual variants was carried out 
according to a standardized scale.12 Trivial textual variants at level 1 of the scale13 
were not used. Verification studies were not conducted ; our basic premise was 
that the published text witnesses are errorless. The text witnesses were posi-
tioned as “taxa” and the textual variants as “characters.”

First Case Study  
Sefer Hilkhot Harif 2al Massekhet Pesa .h Rishon

The editor of Sefer hilkhot harif 2al massekhet pesa˙ rishon14 studied 14 manu-
scripts and a number of early printed editions. His conclusion was that all the 
printed editions were derived from the Constantinople edition (d) and, there-
fore, it is the only printed edition that needs to be considered in a stemma. 
Moreover, one of the manuscripts (z) is thought to have been derived from the 
printed editions and may, therefore, be excluded from further consideration. 

6

	 12	 See Yorav, Serial Norm. A detailed list of all the textual variants used in this study will be present-
ed in a separate report. In the course of encoding, we were compelled to make several assump-
tions regarding the nature of the texts. Indeed, the encoding method and the hypotheses intrin-
sic to it may have added unrealistic elements to the study. For example, the assumption that vari-
ations within sentences or paragraphs are independent of one another may be problematic.

	 13	 Level-1 variants include minor variations, such as alternations between complete and partial 
spellings or the use of very similar letters.

	 14	 R. Hillel Hyman, Sefer hilkhot harif 2al massekhet pesa˙ rishon (Jerusalem : Jewish Theological Sem- 
inary, 1990).
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The editor suggests that the text witnesses can be clustered into three groups15 
(hypothesis 1). The first group consists of x, j, i, and k (hypothesis 2), the second 
of l, m, n, s, and d (hypothesis 3), and the third of e, p, c, q, and r (hypothesis 
4). He further conjectures that manuscript n was copied from s (hypothesis 5), 
and l and m are to some extent related to the first group (hypotheses 6 and 7). 
d is the most recent of the text-witnesses and was influenced to some degree 
by all the groups (hypothesis 8). e is somewhat closely related to the second 
group (hypothesis 9). p, c and q are said to more closely related to one anoth-
er than any of them is related to either e or r (hypotheses 10 and 11, respective-
ly). Of these eleven hypotheses, some are untestable by maximum parsimony 
(for example, hypothesis 8) ; others, such as hypotheses 3 and 6, are contradic-
tory in the phylogenetical sense (that is, they cannot both be true). Moreover, 
some hypotheses, for example, hypothesis 2 may be partially correct and par-
tially wrong. Finally, some hypotheses, for example, hypothesis 1, may only be 
tested against the rooted tree.

We applied the maximum parsimony algorithm to fourteen text witnesses 
consisting of thirteen manuscripts (z was excluded) and one printed edition 
(d). The textual variants in the first three chapters, consisting of approximately 
half of the text, were used. A total of 611 non-trivial variations was found. The 
resulting unrooted phylogenetic tree is shown in Figure 1. A rooted tree with d 
as root is shown in Figure 2.

Figure 1. Unscaled unrooted phylogenetic 
tree for 14 text witnesses of Sefer hilkhot 
harif 2al massekhet pesa˙ rishon.

n

ρρξψe

smρρr
ρρl

ρρx
ρρξj

ρρξk

ρρξq

ρρξψc ρρξψp

ρρξψd

ρρξψi

ρρξψd

ρρξψi

ρρξψe

ρρξψp

ρρξq

ρρξψc
ρρξk

m

s

n

ρρr

ρρl

ρρξj

ρρx

Figure 2. Unscaled rooted phylogenetic tree 
for 14 text witnesses of Sefer hilkhot harif 2al 
massekhet pesa˙ rishon. d was used as root.

7

	 15	 Hyman, Hilkhot harif, 11–14.



yorav, dagan, and graur280

Let us first test several hypotheses against the unrooted phylogenetic tree.  
Hypothesis 2 is only very partially supported by the phylogenetic analysis, with 
x and j emerging as sister taxa. Hypothesis 3 is partially supported by the tree,  
if r is excluded and d is included. Hypothesis 4 is partially supported by the  
tree, if r is included and i and d are excluded. Hypothesis 5 is strongly sup-
ported by the tree. In the matter of the weak hypothesis 9, no support was gar-
nered for a link between e and the group containing x, j, i, and k, although we 
recovered a close relationship between e and i.

An inspection of the rooted tree in Figure 2 indicates that it is impossible to 
divide the tree into three monophyletic groups of any kind, let alone into the 
particular tripartite division envisioned by R. Hillel Hyman. Moreover, the 
choice of the root does not matter, as the unrooted tree in Figure 1 also is imper-
vious to tripartition. We must, therefore, conclude that in the strict sense of the 
word, our results are incongruent with those of the editor.

Second Case Study 
The Aramaic Text of the Targum of Job

The editor of the Targum of Job16 examined fourteen manuscripts and two early 
printed editions. In his opinion, one of the manuscripts (d) reflects two variant 
traditions. The first of these is found in chapters 1–13 (1d) ; the second in chap-
ters 14–42 (2d). In total, there were 17 text witnesses. The editor identifies four 
basic groups, with certain links between them.17 A simplified rendition of this 
stemma is shown in Figure 3.

ρρξgρρξkρρξlρρξmρρξsρρξjρρξhρρξiρρξeρρξoρρξ2dρρξxρρξbρρξn ρρξ1d

ρρξa ρρξz
Figure 3. A simplified stemma for 17 text witnesses of Targum of Job. 
Directions of ancillary influences, degrees of certainty, and “group” 
influences are not shown.

Maximum parsimony was applied to the textual variants of chapters 1–6 and 
14–19 (approximately 30% of the text). A total of 788 variations was found. The  
unrooted tree is shown in Figure 4. We have considered several possible root-
ings for the tree, for example, a and o.18 In the end, we opted for a rooted tree 
that maximizes the iconographic similarity to the traditional stemma (Figure 5).

8

	 16	 David M. Stec, The Text of the Targum of Job (Leiden : Brill, 1994).
	 17	 Stec, Targum of Job, 84.
	 18	 o is noteworthy in that it is the only manuscript from North Africa ; the others are from Spain, 

Germany, or Italy. a is the most recent of the text witnesses.
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Figure 4. Unscaled unrooted phylogenetic tree for 
17 text witnesses of Targum of Job. An asterisk 
marks the position of the root used in Figure 5.

γg

ρρξψz

κklρρm
ρρs

ρρj
ρρξh
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ρρξb

ρρξψρρξ1d
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ρρξψn

ρρξψx

ρρξψa
ρρξψo

ρρξψρρξ2d

A comparison of the stemma with the maximum parsimony rooted reconstruc-
tion reveals a truly extraordinary degree of congruence. Four basal groups are 
recovered. The first groups consisting of g, k, l, m, s, j, h, and i it is almost iden-
tical with the group proposed by David Stec. The only differences between the 
phylogenetically inferred group and the one in the stemma concerns the po-
sition of e, which in the maximum parsimony tree clusters with the correctly 
identified groups consisting of b and 1d. In fact, even for the position of e it is 
not possible to claim total error, because e is suspected to have been affected by 
multidirectional influences. The internal relationships within the basal g-k-l-m-
s-j-h-i group were also identified correctly, with g clustering with k, m cluster-
ing with s, and j clustering with h. The algorithmic reconstruction confirms 
the grouping of b with 1d, and strongly supports the editor’s decision to sepa-
rate d into two independent text witnesses, 1d and 2d. The algorithmic recon-
struction also confirms the clustering of z, x, a, o, and 2d. In the stemma, n ap-
pears as a group by itself. The phylogenetic analysis indicates a distant affinity 
with the z-x-a-o-2d cluster.

Figure 5. Unscaled rooted phylogenetic tree for 17 text 
witnesses of Targum of Job. The root was placed on the 
internal branch marked with an asterisk in Figure 4.
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Third Case Study 
Tractate Pesa .him Chapters 3 and 4

The fact that chapters 3 and 4 of tractate Pesa˙im in Talmud Bavli have been 
annotated and edited independently by two researchers in two academic insti-
tutions on different continents,19 allows us to pursue two types of comparative 
research. The basic assumption (with very rare exceptions) is that two chapters 
derived from the same manuscript represent a single integral textual unit. There-
fore, if the phylogenetic algorithm works without error and if the various text 
witnesses do not contain hybrid parts, then the phylogenetic tree based on one 
chapter is expected to be identical to the phylogenetic tree based on the text of 
the other chapter. In other words, the text-witness groupings should be identi-
cal in both trees. Our first comparison will, therefore, contrast the inferred tree 
based on the textual variants of chapter 3 with the inferred tree based on the 
textual variants of chapter 4. We will, thus, be able to identify which parts are 
congruent between the two trees, that is, have been reliably reconstructed, and 
which are not. Our second sets of comparisons will contrast the trees derived 
by maximum parsimony with those derived by traditional means, whose tech-
nical details are oftentimes unspecified and frequently unspecifiable.20 We note 
that in this type of analysis it is possible to evaluate (or grade) the “relative worth” 
of different scholars working in the conventional philological-historical tradi-
tion. We shall abstain from using maximum parsimony to raise personal phil-
ological criticisms. Rather, we shall use these comparisons to discuss the con-
sistencies of the general conclusions of the editors.

The editor of chapter 3 of Pesa˙im21 examined ten manuscripts, a printed  
edition (hicno), and seven Genizah fragments. The editor provides a fairly 
detailed account of the methods employed in his stemma arrangement.22 He 
distinguishes between “significant differences,” “widespread significant differ-
ences,” and other differences (but does not specify the criteria for the classifica-
tion). He lists 128 variations between the text witnesses. His stemma consists of 
two main branches and an indeterminate group. Simply put, the typical repre-
sentative of branch I is 125 'jo. a134 'jo, 109 'jo, and hicno belong to this branch. 
109 'jo, and hicno represent later additions. Branch II is epitomized by 1608 'ms. 

10

	 19	 It is important to note that the studies were indeed independent ; there was no cooperation be- 
tween the researchers, and at times competition was implied.

	 20	 For example, Hyman, Hilkhot harif, 14, states : “Ultimately I must admit that an important part 
of the arrangement [of the text witnesses] into families was based on a sense born of hundreds 
of hours of work and experience . . .”

	 21	 Shmuel Yosef Wald, Talmud Bavli, Tractate Psachim, Third Chapter (Jewish Theological Seminary ;  
Jerusalem, 2000).

	 22	 Wald, Psachim, 318–26.
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Other descendants of branch II are 6 Nknim, Noww, 1 hzing, dropsqoa, and 95 Nknim.  
dropsqoa and 95 Nknim are somewhat more distantly related to branch II. 1623 'ms  
and hibmoloq, which are Yemenite manuscripts, are said to be closely relat-
ed to each other, but their relationship to the other two groups was not deter-
mined. Figure 6 presents a schematic and simplified summary of the stemma. 
The stemma rests on a very elaborate system of considerations. After delineat-
ing which text witnesses are viewed as distinctively representative of the two 
branches, and claiming that the other text witnesses are “heterogeneous,” the 
editor presents 20 two-dimensional tables23 quantifying the degree of agree-
ment between the various “heterogeneous” text witnesses and the representa-
tives of the two branches. Such meticulous statistical processing is unusual in  
philological-historical editing and analysis. Nevertheless, decisions based on tra-
ditional analyses are sometimes arbitrary.24 The placement of hicno and 109 'jo  
is especially problematic. Shmuel Yosef Wald appended them to branch I in 
the graphical stemma,25 but his detailed tables26 appear to indicate a branch-II 
affiliation.27 No explanation for this contradiction is provided. The above clearly 
demonstrates that “general impressions” may influence experts more than tab-
ulations of concrete quantities.

Figure 6. A simplified stemma for 12 text 
witnesses of chapter 3 of Pesa˙im.
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	 23	 Wald, Psachim, 319–25.
	 24	 All the analyses start with a dichotomic division, whereby two text witnesses are identified as 

“opposite poles.” Subsequently, all the other text witnesses are compared separately to the two 
opposites to determine how similar or dissimilar they are to the two poles. 125 'jo was chosen as 
main representative of branch I and 1608 'ms was selected as main representative of branch II.  
Surprisingly, no reason is provided for this fundamental assertion, other then claiming that con-
tradictions between the text variants were found in 95–98% of the cases.

	 25	 Wald, Psachim, 283.
	 26	 Wald, Psachim, 323, 325.
	 27	 In the tables, there is a 39% match of 109 'jo to branch I and a 56% match to branch II. hicno has 

a 30% match to branch I and a 67% match to branch II.
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For chapter 3, we performed a maximum parsimony analysis on twelve text 
witnesses consisting of ten manuscripts, a printed edition, and a Genizah frag-
ment (1 hzing). One of the manuscripts (a134 'jo) encompasses only approxi- 
mately 75% of the text. 1 hzing, which is the largest of the Genizah fragments 
available for analysis, contains only about 12% of the text. Hence our analysis 
contained a considerable fraction of missing data. We identified 353 non-trivial  
variations. The unrooted maximum parsimony tree is shown in Figure 7. The 
first and foremost observation is that Wald’s tripartite division of the text wit-
nesses cannot be recovered from the unrooted tree no matter which node or in-
ternal branch is chosen as root. Moreover, of the many groups and subgroups 
identified in the stemma in Figure 6, the only clustering that is recovered by the 
maximum parsimony phylogenetic algorithm is that of the Yemenite manu-
scripts hibmoloq and 1623 'ms. 6 Nknim and 1608 'ms were found to be closely re-
lated, as in the stemma, but without either Noww or 1 hzing. At this point it is not 
clear whether or not the lack of congruence between the stemma and the phy-
logenetic tree for chapter 3 is solely due to the fragmentary nature of a134 'jo  
and 1 hζzing.

ηιψνοhicno

95 Nknim
dropsqoa

1 hzing

Noww

125 'jo
hibmoloq

1623 'ms

a134 'jo

109 'jo

1608 'ms

6 Nknim

Figure 7. Unscaled unrooted phylogenetic tree 
for 12 text witnesses of chapter 3 of Pesa˙im.

The editor of chapter 428 examined 12 large text-witnesses and 11 additional 
Genizah fragments.29 He identifies two main branches. Branch I is most dis-
tinctively represented by 125 'jo ; branch II by 6 Nknim. Aaron Amit does not 
present a graphic stemma, but claims that 1608 'ms (in 75% of the cases) and 
109 'jo (in 60% of the cases) agree with branch II. The remaining text-witnesses 
are claimed to be heterogeneous. Manuscript a134 'jo was identified as com-
posed of two unequal parts, each of which originated from a different text wit-
ness. There are only very minor variations between hibmoloq and 1623 'ms. The 
editor does not say anything explicit regarding the arrangement of the other 

12

	 28	 Aaron Amit, “Makom sheNahagu, Talmud Bavli, Tractate Pesachim, Fourth Chapter” (masters 
thesis ; Bar-Ilan Univ., Ramat Gan, 1995).

	 29	 Not including 1 hzing (mentioned in the previous section) as it lacks text from the fourth chapter.
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text witnesses, nor does he offer verification for his contentions, except for  
directing the reader in general terms to an elaborate apparatus of textual vari-
ant comparisons in the thesis.

The maximum parsimony algorithm was run on thirteen text witnesses of 
chapter 4 (134 'jo was divided into a134 'jo and b134 'jo). The Genizah frag-
ments were excluded from the analysis. There were 586 non-trivial variations 
throughout the chapter. The unrooted maximum parsimony tree is shown in 
Figure 8.

dropsqoa
95 Nknim

b134 'jo

Nodnol

6 Nknim 109 'jo

125 'jo
hibmoloq

1623 'ms

ηιψνοhicno

a134 'jo

Noww1608 'ms

Figure 8. Unscaled unrooted phylogenetic tree 
for 13 text witnesses of chapter 4 of Pesa˙im.

Aaron Amit provided almost no strong arguments in favor of or against cer-
tain groupings. As a result it is difficult to contrast his claims with those ob-
tained through maximum parsimony. All that can be said is that the grouping of  
hibmoloq with 1623 'ms is confirmed. On the other hand, the phylogenetic tree 
does not support a link between 6 Nknim and 1608 'ms or 109 'jo.

In the main, the conclusions reached by the editor of chapter 4 of Pesa˙im 
agree with those of the editor of chapter 3.30 Unfortunately, Amit does not list 
his considerations, other then discussing the differences between 125 'jo and  
6 Nknim and providing a series of examples of textual variations between the two 
branches.31 Of the 10 examples from category I, which he regards as most signif-
icant, he lists hibmoloq and 1623 'ms as exhibiting strong similarities to branch I, 
and 1608 'ms, hicno, dropsqoa, 134 'jo, and Noww to branch II, with no clear reso-
lution regarding 109 'jo and 95 Nknim. If we accept this sample as representative  
 — in practice, the examples were merely meant to illustrate the basic division 
between the two branches rather than arrange the text witnesses — then there 

13

	 30	 Both Wald and Amit select 125 'jo as the main representative of branch I. The editor of chapter 
3 prefers 1608 'ms to represent branch II, while the editor of chapter 4 prefers 6 Nknim. The two 
text-witnesses are 85% similar according to Wald, and 75% similar according to Amit.

	 31	 Amit, “Makom sheNahagu,” 19–37.
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are several discrepancies between the conclusions of the two editors. According  
to the editor of chapter 3, a134 'jo belongs unequivocally to branch I, where-
as Amit assigns it to branch II. According to the editor of chapter 3, hibmoloq 
and 1623 'ms are hybrids with a slight tendency toward branch II. The editor of 
chapter 4 agrees with the hybrid status, but sees a greater similarity to branch I.  
Wald assigns 109 'jo and hicno to branch I (although, as we have previously 
observed, in his tables he places them closer to branch II). According to Amit 
they are closer to branch II.

To compare the two traditionally derived stemmata with the results of the 
maximum parsimony algorithm, as well as assess the source of incongrui-
ty between the phylogenetic trees for chapters 3 and 4, we combined the data 
from the two chapters into a single database. The eleven text witnesses that con-
tain both chapter 3 and chapter 4 were used in the combined analysis.32 134 'jo 
was identified as a composite of two separate documents,33 one from the thir-
teenth century and one from the fifteenth. For the combined analysis, we only 
used the later document that contains both chapters. This “pruning” of frag-
mentary and hybrid text witnesses is likely to improve our chances of recon-
structing a less ambiguous tree than the previous ones. In total, 940 non-trivial  
textual variations were used.

dropsqoa

95 Nknim
ηιψνοhicno

a134 'jo

1608 'ms

Noww

6 Nknim

hibmoloq

1623 'ms109 'jo

125 'jo

Figure 9. Unscaled unrooted phylogenetic tree for 
11 text witnesses of chapters 3 and 4 of Pesa˙im.

The unrooted maximum parsimony tree for the combined data is shown in  
Figure 9. The first observation is that it is impossible to partition the tree into the 
two branches advocated by the traditional studies. The putative representatives 

14

	 32	 For example, the Nodnol manuscript (extant in chapter 4 alone) and 1 hzing (only partially extant 
in chapter 3) were excluded.

	 33	 Pages 5b–11a and pages 54b to the end are from the earlier document (Germany, thirteenth cen-
tury?) ; pages 15a to 54b, except pages 45b–48a, were completed by a later scribe (Germany, fif-
teenth century?).
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of branch I (125 'jo, a134 'jo, 109 'jo, and hicno) are scattered throughout the tree, 
so that no matter where we place the root the monophyly of the two branches 
cannot be recovered. On the other hand, the maximum parsimony tree strongly 
supports a monophyletic clade consisting of the principal members of branch II  
(1608 'ms, 6 Nknim, and Noww). dropsqoa and 95 Nknim are clustered, but they have 
no relationship to branch II. hibmoloq and 1623 'ms are clustered as predicted by 
both traditional stemmata. Interestingly, they are intimately related to 125 'jo,  
which is the typical branch-I representative. The algorithm links a134 'jo to hicno  
with no affinity to either branch I or branch II. This is in contradiction to the 
claim by the editor of chapter 3, who assigned both a134 'jo and hicno to branch I.  
The editor of chapter 4 regards these text witnesses as “composites.” The in-
termediate position of hicno and a134 'jo supports this contention. The maxi-
mum parsimony algorithm’s product places 109 'jo as a sister taxon of 125 'jo  
and the hibmoloq and 1623 'ms clade. The editor of the third chapter assigned it 
(with some reservation) to branch I, while the editor of the fourth chapter as-
signed it to branch II (with reservations as well).

Evaluation of the Maximum Parsimony Algorithm  
in Reconstructing Stemmatic Relationships  

among Halachic Text Witnesses

An exhaustive evaluation of the relationships between the products of two 
methodologies from such distant disciplines is an impractical endeavor. The 
best we can do is to look at the degree of congruence between the methods 
and assess the usefulness of the maximum parsimony algorithm as an aid  
in the reconstruction of stemmatic relationships among halachic text witnesses. 
The facts, as outlined above, are that in some cases we obtain surprising degrees 
of congruence between the phylogenetic algorithm and tradional methodolo-
gy. For example, in the case of the Aramaic Targum of Job, a truly extraordinary 
degree of congruence was observed. Basal and distal groups were identified cor-
rectly, and even differences could be explained by hybridization and multidi-
rectional influences. In fact, in the case of Targum of Job, several new relation-
ships (clades) have been discovered on which traditional methods had noth-
ing to say. We believe that these relationships should be further investigated.  
Admittedly, the congruence between the two methods is far from perfect, 
and in some cases there was very little in common. We think, however, that 
despite the inconsistencies discovered between the methods, the computer-
ized algorithm may be of significant aid to conventional research. Had the edi-
tors of the four texts seen the phylogenetic outputs, they might have concen-
trated their efforts and restricted themselves to examining a limited number  
of “suspect” groups. It is quite possible that the phylogenetic results would have 

15
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allowed them to settle doubts, refine groups, and possibly improve upon their 
final conclusions. Of course, binary trees derived through phylogenetic meth-
odology can never be “true” in the absolute sense of the word, since it is uni-
versally accepted that all the text witnesses in our exploratory study have been 
subject to some degree of contamination.34

Traditional philological-historical studies require the researcher to approach 
his subject free of prejudice, but not without prior knowledge. However, some-
times the number of alternatives that a philologist may be required to consid-
er is simply too large, and the task of stemmatic reconstruction becomes an 
impossible one. For example, the editor of the Targum of Job considered 17 text 
witnesses. Thus, in theory, he should have considered 6, 190, 283, 353, 629, 375  
unrooted arrangements and 191, 898, 783, 962, 510, 625 rooted ones.35 Given these  
mind-boggling numbers, a computer program is likely to be of great value by 
focusing the attention of the researcher on particular subsets of text witnesses.

One can only consider what it would take to build a stemma for the Mai-
monides Code (Mishneh Torah), which consists of approximately 800,000 words 
and for which there are several hundreds of text witnesses (mostly in frag-
mentary form). Can this task be even contemplated by using “manual” labor?

16

	 34	 A similar problem exists in phylogenetic reconstruction of bacteria that have experienced hori-
zontal gene transfer (textual contamination) in their past. See Hervé Philippe and Christophe J. 
Douady, “Horizontal Gene Transfer and Phylogenetics,” Current Opinion in Microbiology 6 (2003) 
498–505. Several phylogenetic methods have been proposed in the literature to deal with such 
“contamination,” for example, Patricia Escobar-Páramo, and others, “Decreasing the Effects of Hor-
izontal Gene Transfer on Bacterial Phylogeny : The Escherichia Coli Case Study,” Molecular Phyloge- 
netics and Evolution 30 (2004) 243–50. It is not inconceivable that this class of methods may one 
day be adopted to identify multidirectional influences in text witnesses.

	 35	 Graur and Li, Fundamentals of Molecular Evolution, 173.


