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Chapter 1:
A Genealogical Theory of Textual Criticism



CHAPTER 1
A GENEALOGICAL THEORY OF

TEXTUAL CRITICISM


In the field of New Testament textual criticism, the genealogical relationship among manuscripts has long been regarded as an important aspect of external evidence that must be evaluated in order to recover the original form of the text. Bruce M. Metzger, an acknowledged authority on textual criticism, stated that part of the evaluation of external evidence is the consideration of the “genealogical relationship of texts and families of witnesses.”
 He traced the origin of this principle back to Lachmann who showed “how, by comparison of manuscripts, it is possible to draw inferences as to their lost ancestors or archetypes, their condition, and even their pagination.”
 The evaluation of genealogical relationships was incorporated into the textual critical method of West​cott and Hort, and it remains an important factor in the methodology of most modern textual scholars.
 

The Genealogical Principle


The genealogical principle is based on the historic fact that the text of an ancient original autograph was hand-copied by scribes. These copies were themselves copied in successive generations, resulting in a collection of manuscripts that are all genealogical descendants of the original autograph by means of various intermediate ancestral exem​plars. 


If every copy had been a flawless reproduction of its exemplar, then the text of the original autograph would have been perfectly preserved in every manuscript. Unfortu​nately, the copying process was seldom flawless due to human frailty. A copyist usually introduced minor variations into the text, either accidentally or deliberately. Although corrections were made, undetected flaws were passed on to succeeding generations of copies. Thus a manuscript may be understood as a hand-written copy of some earlier exemplar of a text, containing all the uncorrected flaws of its exemplar, plus any new ones introduced by its own scribe. 


Theoretically, if the genealogical history of a text could be perfectly recon​structed, and the introduction of every flaw indisputably identified, then the text of the original autograph could be perfectly recovered. No one is naive enough to expect that this can be done with the present manuscript data in such a state of complexity. However, approxi​mate genealogical relationships can be inferred from the manuscripts. These approxima​tions, together with other external and internal data, are used by textual schol​ars to determine the most likely readings of an original autograph. Genealogical relation​ships are regarded to be more significant than mere numbers of witnesses. 


The genealogical principle is part of classical textual criticism. Kurt and Barbara Aland stated:


Editorial methodology for a classical Greek (or Latin) text proceeds essentially by constructing a stemma to demonstrate the mutual relationships of its extant manu​scripts, and then reconstructing the original text on the basis of insights gained from a complete view of the history of the text (distinguishing daughter manuscripts from their parent exemplars, and eliminating them from further consideration.


The problem has been that attempts to construct such genealogical stemmata for the books of the Greek New Testament have met with frustration and failure. The number of manuscripts is great and the variation among them is complex. So some textual critics have abandoned the genealogical principle altogether, as it applies to manuscripts, or have been satisfied with the approximate evidence of text-types.


Textual scholars attempt to reconstruct an approximate family tree of the manu​scripts of a given text. In defining the principle for approximating a family tree of manu​scripts, Metzger stated that “the basic principle which underlies the process of construct​ing a stemma, or family tree, of manuscripts is that, apart from accident, identity of read​ing implies identity of origin.”
 This means that manuscripts that have common sets of variant readings are more closely related genealogically than those that do not, and the greater the agreement in readings, the closer the genealogical relationship. Once a family tree is con​structed, the readings that emerge as genealogical patriarchs are regarded more likely to be original, all other considerations being equal. 

The Problem of Mixture

In addition to correction and deliberate alteration, mixture and multiple parentage make the construction of a family tree difficult. Metzger observed: 



Often, however, difficulties hinder the construction of a stemma of manu​scripts. . . . [A] disturbing element enters when mixture has occurred, that is, when a copyist has had two or more manuscripts before him and has followed sometimes one, sometimes the other; or, as sometimes hap​pened, when a scribe copied a manuscript from one exemplar and corrected it against another. To the extent that manuscripts have a `mixed’ ancestry, the genealogical relations among them become progressively more complex and obscure to the investigator.


Ernest C. Colwell regarded the problem of mixture to be quite serious, perhaps making genealogical relationships beyond use in practical application. He explained: 


When there is mixture, and Westcott and Hort state that it is com​mon, in fact almost universal in some degree, then the genealogical method as applied to manu​scripts is useless.


Without mixture a family tree is an ordinary tree-trunk with branches–standing on the branches with the single trunk–the original text–at the top. The higher up–or the further back–you go from the mass of late manuscripts, the fewer ancestors you have! 


With mixture you reverse this in any series of generations. The number of pos​si​ble combinations defies computation, let alone the drawing of diagrams.


Colwell’s comment “as applied to manuscripts” seems to limit his skepticism to an attempt to apply the method at the manuscript level, and his subsequent work does not suggest that he abandoned genealogy altogether. Nevertheless, Wilbur N. Pickering took Colwell’s remarks to the extreme, describing an exaggerated interpretation of the circum​stances: 



The sort of genealogical diagram that one always sees is like a fam​ily tree that shows only male parents. Because of mixture the diagrams should be like a family tree that shows both parents, at every level–the further back you go the more hopelessly com​plicated it gets.


Simple reflection upon the situation exposes the unreasonableness of this extreme. Even in the worst case where every manuscript is of mixed origin, the family tree still con​verges to a single trunk, the autograph. It does not diverge upward except it be from a single manuscript, and that divergence remains within the bounds of the tree, and ulti​mately converges to the trunk. Furthermore, except in the rare case of a major recension, a given manuscript would usually have only two parents at the most that need to be identi​fied in the construction of the tree. Because of this, its grandparents could more accurately be identified by the witness of its parents, and so upward through the tree. In addition, it is unlikely that every manuscript will be of mixed parentage, and it is possible that mixture may be less than imagined. The less mixture, the less complexity. Though the problem is complex, it is not hopelessly so. 


Yet Pickering uses the statements of scholars–those who discuss the difficulty and complexity of the genealogical problem–to conclude that the method is impossible to apply: 



Other scholars have agreed that the genealogical method has never been applied to the New Testament, and they state further that it cannot be applied. Thus Zuntz says it is “inapplicable,” Vaganay that it is “useless,” and Aland that it “cannot be applied to the NT.” Colwell also declares emphatically that it “cannot be so applied.”


But he surely misunderstood at least some of the scholars and overstated the case, because Kurt and Barbara Aland still regard the genealogical principle to be important. They recently listed twelve rules for textual criticism, the eighth of which reads: 


The reconstruction of a stemma of readings for each variant (the genealogical prin​ciple) is an extremely important device, because the read​ing which can most easily explain the derivation of the other forms is itself most likely the original.


Aland was referring to the genealogical relationships among “readings” rather than “manuscripts,” but one must not infer from this that textual scholars have entirely aban​doned the use of genealogical relationships among manuscripts. Genealogical prin​ciples are used to categorize manuscripts into text-types and into profile groups and sub-groups. The genealogical relationships between such text-types and groups often affect the deci​sions of textual scholars, even those who prefer the “local genealogical method.”
 Thus Aland reasoned that “certain combinations of witnesses may deserve a greater degree of confidence than others.”
 Obviously his “combinations of witnesses” involve genealogical relationships among the manuscripts. Metzger stated it more spe​cifically:


After having ascertained the text-types represented by the evidence supporting each of the variant readings under examination, the student should draw a tentative con​clusion as to the preferred reading on the basis of considerations bearing on the age of the manuscripts, the geographical spread of the witnesses which join in support of a given reading, and the textual types to which they belong. Due appreciation of the implications of the genealogical relationships among manuscripts prevents one from favoring a read​ing merely because a large number of witnesses may support it.


Thus the global genealogical relationships among the manuscripts are known and used by textual scholars. They use both the genealogy of manuscripts and the genealogy of readings, even when they prefer to stress the importance of the latter. Actually one would expect the two genealogies to be in harmony. The alleged insurmountable prob​lems are experienced with the intermediate genealogical relationships among manu​scripts.


Therefore, it must be concluded that although most scholars recognize the diffi​culty of applying the genealogy principle to manuscripts, yet they still acknowledge its importance. Eric Poole correctly concluded concerning this problem:



We must distinguish between the existence of a stemmatic relation​ship, and the practical difficulty of discovering it. Any set of things which have been produced by copying must necessarily have a stemmatic relation​ship. It may be an exceedingly com​plicated one; scribes may even have copied part of their text from one source, and part from another, so that the stemmatic relationship would be different from [sic–for] the two parts. But even this would not mean that a stemma did not exist, or that it was in principle undiscoverable. The mere fact that a job is difficult is no ground for saying that it is impossible, or not worth doing.


With the advent of high-speed computers, the possibility of constructing a stemma (genealogical tree) for a set of manuscripts has moved from the improbable to the prob​able. In spite of the potential possibility of using sophisticated computer software to accomplish the task, Metzger remains skeptical. He stated:

Though computing machines may conceivably be useful in ‘remembering’ the statistical details of variant readings, it is not likely that they will replace the use of rational critical processes in evaluating ‘good’ and ‘bad’ readings.

What is needed to accomplish the task is an adequate genealogical theory and the com​puter software to implement the theory in its analytical mode. This work describes one such theory and the algorithm for implementing it. The software has been written and tested. It works quite well. Its value to the field of textual criticism remains to be deter​mined. If the stemmata constructed by the implemented theory prove to be fairly accu​rate, then the use of genealogical stemmata will bring New Testament textual criticism into har​mony with the classical methodology. Thus such a genealogical theory merits considera​tion.

The Majority Text Alternative

In the past, Zane C. Hodges has opposed an eclectic model in favor of the Major​ity-Text view. He viewed all manuscripts as primary witnesses to the text of the original autograph, exhibiting essentially no genealogical relationships among themselves. That is, at any place in the text where a variant reading occurs, the majority of manuscripts contain the reading of the autograph, and the non-original readings are virtually random gene​alogically.
 



Pickering described the Majority-Text model of textual transmission as consisting of “a swelling stream of faithfully executed copies emanating from the holders of the Autographs.”
 He seems to have discounted the possibility of discovering genea​logical relations, and he declared that “the majority of the extant MSS emerge as inde​pendent witnesses.”
 Thus, in his theory, majority vote of the manuscripts decides the readings of the autographs. 

Pickering supported his “Majority Text” theory with the statistical computations of Zane C. Hodges and his brother David M. Hodges.
 But Hodges’ computations were made using an unrealistic “genealogical” model. It assumed that the genealogical trans​mission of the text was uniform, that is, all branches of the family tree grew at the same rate; and it assumed that the probability of introducing an error was the same as the prob​ability of correcting an error. Both of these assumptions are highly idealistic. Surely the introduction of translations inhibited the growth of branches in areas where Greek was not the mother tongue, whereas the branch of the text used by the Greek-speaking Eastern Orthodox Church (the Byzantine text) would have been greatly enhanced. Thus the great likelihood of nonuniform growth gives reason to question the validity of Hodges’ compu​tations. Furthermore, Hodges’ statistical computations do not prove his majority thesis, but merely demonstrate that, under the ideal conditions he assumes, the correct reading would exist in a majority of the MSS of any generation. 


However, he fails to recognize the significance of the fact that, in his mathemati​cal model, the majority diminishes in every succeeding generation and would vanish into sta​tistical insignificance long before the ninth century when nearly all of the Byzantine minus​cules began to appear. 


Nevertheless, accepting the majority model for the moment, Hodges admitted that his method fails in some circumstances when he wrote, “Now we have conceded that the error designated (a) is being perpetuated in larger numbers than the true reading.”
 Again he tacitly admitted the same point: “Unless an error is made in the very first stages of copying, the chances of survival of the error in extant copies in large numbers is signifi​cantly reduced.”
 



Thus Hodges recognized that a majority vote does not identify early errors. But mixture increases the spread of errors, and nonuniform growth skews the vote ratio in favor of the readings of an enhanced branch regardless of its purity or lack of it. Thus it is likely that the majority method fails in more cases than Hodges originally anticipated. Obviously, the majority vote fails in all cases where the Byzantine text is divided and there is no clear majority. This is true for the entire Book of Revelation and for a signifi​cant number of places in the rest of the New Testament. Hodges was forced to use a genea​logical method in such places. 


In his recently published work, The Greek New Testament According to the Major​ity Text, Hodges further acknowledged the uncertainty of the majority vote: “The editors do not imagine that the text of this edition represents in all particulars the exact form of the originals. Desirable as such a text certainly is, much further work must be done before it can be produced.”
 He then related the importance of genealogical rela​tions in textual restoration: 



Final decisions about readings ought to be made on the basis of a reconstruction of their history in the manuscript tradition. This means that for each New Testament book a genealogy of the manuscripts ought to be constructed. The data available for this in the standard sources is presently inadequate, except for the Apocalypse. In this edi​tion, there​fore, a provi​sional stemma (family tree) of manuscripts is offered for that book only. Textual decisions in Revelation are made on the basis of this genealogical recon​struction. . . . 


It is true, of course, that most modern textual critics have despaired of the pos​sibil​ity of using the genealogical method. Nevertheless, this method remains the only logical one.


This profound observation admits the insufficiency of the majority vote and the superiority of genealogical relationships. It gives reason to doubt the validity of the major​ity text theory altogether; because, if genealogical stemmata must be used to solve the dif​ficult textual problems, then they should be used to solve the less difficult ones. Further​more, Hodges’ genealogical stemma for the Book of Revelation demonstrates that a manu​script majority does not determine the best reading within the Byzantine tradition, but rather the agreement of two out of five family groups. But if a manuscript majority cannot reconstruct the original form of the Byzantine tradition, then Hodges’ reason for preferring the Byzantine tradition is greatly weakened; because his original preference was founded upon the alleged superiority of the majority vote. 


Hodges still clings to the superiority or the Byzantine tradition as reflected in his stemma of Revelation. But the family group of Byzantine manuscripts that he regards to be the oldest and most authoritative is the group most closely related to the so called “Alexandrian” text. The early date he assigned to this group must have been derived by extrapolation, because no manuscript in that group is earlier than those in the “Alexan​drian” group. All these indications suggest that the majority vote theory should be aban​doned altogether in favor of a genealogical theory. Chapter Three gives a more extensive evaluation of the Majority Text Method.

Earlier Genealogical Methods

Because of the acknowledged difficulty of applying the genealogical principle to manuscripts, several methods have been developed for approximating genealogical fam​ily trees. 

Set Theory

 Jacques Froger
 developed a computer procedure for ascertaining genealogical relations based on set theory. Poole summarized his method: 



For each reading, he defines the set of manuscripts which share the variant in ques​tion, and then he compares each set in turn with every other, to find whether one set always includes the other. Having done this, he sorts the sets into a hierarchy, according to their level of inclusiveness, and from this he constructs his stemma. . . . When the sets have been sorted into a hierarchy, he constructs a graph in which the sets are plotted accord​ing to their level of inclusiveness, and each is connected by a line to the group which includes it.

Poole pointed out that this method “depends upon having a good supply of read​ings for which there are only two variants.”
 This is a difficult restraint to meet in actual practice. 

Numerical Taxonomy

John G. Griffith experimented with the method of R. R. Sokal, known as numeri​cal taxonomy,
 which Sokal used in arranging biological classes into family trees. Grif​fith adapted the methodology to textual criticism and experienced some degree of success in classifying a number of the biblical manuscripts into near-neighbor clusters that approxi​mate family tree relations. He concluded that this method achieved “a sorting of material which proves refractory to the conventional logic of the stemma. It can be tested quantita​tively in a way that the stemma cannot, and does not beg any questions about the merits of the material being handled.”
 


The Eric Poole Method

After having developed the theory described herein, I came across the work of Eric Poole, a lawyer who experimented with a computer method for recovering the genealogi​cal stemmata of ancient classical literature.
 His method is quite similar to mine, except for a few differences. Poole pre-edits the readings in order to eliminate those that involve mixture, readings which he calls “anomalies.” He does this because of a purist commitment to ideal stemmata. He noted that “a stemma is by nature an open system, and cannot give rise to a closed figure.”
 According to the mathematical defini​tion this is true. However, genealogical tree diagrams (stemmata) can indicate mixture and thus depart from the mathematical ideal. There is no reason why genealogical tree diagrams must be limited to “open” trees. Poole also had difficulty identifying the origi​nal node of the stemma. He noted that this problem 


is inherent in the very nature of a stemma: any point in it (whether or not at one of the nodes) is capable of being treated as the origin of all other points, without logical incon​sistency with the data. The direction of the stemma is not therefore something which can be ascertained by a computer; it is a problem for the judgment of an editor, based on a such matters as the dates of documents, or his opinion whether variants could, or could not, have come from the archetypal text.
 


Again, from the purist mathematical point of view, he is right. But there is noth​ing to prevent a computer program from taking into account the dates of documents and other non-subjective data that bear witness to the direction of the stemma. 


Poole set up requirements for his computer program that he regarded as sufficient to provide successful construction of genealogical stemmata: 

(a) It should be able to handle an input which represents all the significant varia​tions of all the texts under examination. 

(b) Its output should include a stemma showing a feasible relationship between those texts, and the readings which it ascribes to any lost or hypothetical texts required by the stemma. 

(c) It should be able to perform this as a single operation, without human interven​tion at any stage. 

(d) It should embody a rational and consistent method for identifying, and allow​ing for, anomalies; that is, for present purposes, readings inconsistent with the identification of a stemma. 

(e) It should be able to handle readings with any number of variants.



Poole exhibited keen discernment in his methodol​ogy. Nevertheless, he experi​enced some degree of disappointment when he applied the method to a portion of the text of Piers Plowman. The text had only seventeen manuscript witnesses, and the textual problems were of great complexity. His solution did construct a stemma, but he stated that “the results are insufficiently consistent to support even a plau​sible conjecture, and obvi​ously a larger sample needs to be used in any serious attempt to elucidate the rela​tionships of all the extant texts.”
 His final conclusion was that



The trial with the Piers Plowman material shows, however, that some objective results can be obtained even with a comparatively small sample of grossly corrupt texts. I am convinced that neither the procedure which I described, nor any other purely mechanical procedure, can ever completely reconstruct the stemmatic relationship of a group of manuscript texts, or documents, or organisms, if only because the position of the archetype must be determined subjectively. Within this restriction, how​ever, it seems rea​sonable to hope that such a procedure can, if used intelli​gently, provide reliable materials for the reconstruction of the stemma. Even in cases where it falls short, it may provide partial stemmata which will throw light on such matters as scribal practice and linguistic ques​tions.
 

The Zarri Method

Gian Piero Zarri studied the stemmata codicum theories of Dom H. Quentin and applied then to the problem of reconstructing stemmata in textual criticism.
 After expressing skepticism about expecting quick solutions, he concluded that Quentin’s theo​ries may help clear up some difficult problems. He regarded all differing readings as vari​ants instead of speaking of errors as opposed to correct readings. He constructed undi​rected graphs based on computed “zero” relationships between triplets of manuscripts. A zero relationship was regarded to exist within a manuscript triplet A-B-C if A and C never agree together against B. This established B as intermediate between A and C. He primar​ily worked at establishing genealogical relationships between existing manuscripts, but he did acknowledge that “it is sometimes necessary to assume the existence of hypo​thetical ‘lost’ manuscripts, which therefore become part and parcel of the chain of genealogical derivations.”
 


Like Poole, he established directionality by manually examining the actual read​ings involved. Poole noted that his method seemed to experience trouble handling hypo​thetical lost texts; but he regarded Zarri’s method to be “outstanding for the good practi​cal com​mon sense which it brings to bear on the problems of stemmatic analysis as a whole, and in particular for its rejection of mathematical theory not based on empirical observations.”



Dearing’s Textual Analysis

V. A. Dearing developed a computer method for calculating genealogical stem​mata which he named “textual analysis.”
 The method derives a stemma from pat​terns of agreement and disagreement exhibited among the existing manuscripts of a text. He pos​tu​lated the “law of parsimony” and the principle of “synthetic variations” which as​sist the methodology in resolving difficult problems. He endeavored to resolve direction​ality by means of a complex statistical “birth-and-death” process. 


M. P. Weitzman wrote a critical review of Dearing’s method in which he con​cluded that “Professor Dearing’s bid to reduce textual criticism to an exact science sim​ply cannot be declared successful.”
 In his review he posed a problem that Dearing’s method could not resolve. He was unconvinced of the “birth-and-death” process because “no check is made on the realism of the figures specified at the onset,” so he warned the reader “to take this silence into account.”
 


Weitzman was overly critical of Dearing’s method because the problem he posed was unrealistically complicated. For situations as complex as textual criticism, problems can always be posed which have no practical solution. Dearing responded, “I do not believe that a tree with the characteristics of Dr. Weitzman’s is likely to occur in real life.”
 Again, Weitzman was too idealistic in expecting the method to provide flawless solutions of “exact science.” Dearing, on the other hand, acknowledged that the method involved some degree of uncertainty: “With real problems, . . . the best one can do is rea​son correctly from all the evidence, on the basis of axioms that seem . . . to be satisfac​tory.”
 Weitzman did admit that “in fairness . . . in very straightforward cases, such as the poem by Dryden . . ., ‘textual analysis’ does work.”
 Thus Dearing’s method war​rants significant attention.

Claremont Profile Method

Extensive research has been conducted at the Claremont Graduate School to develop a method for classifying Greek manuscripts into genealogical groups. This method, known as the Claremont Profile Method, makes use of a selected set of readings that define a unique profile for each of several manuscript groups. Each manuscript is classified into one of these groups by means of a calculated percentage of agreement with the profile of the group. This sampling method is being used to prepare a new compre​hensive apparatus for the New Testament. Most of the work has been done manually, but recently W. L. Richards used a computer to assist the classification of manuscripts of the Johannine epistles.
 

The Present Genealogical Theory

The problem is not that there are no genealogical relationships, nor that they are not significant; but the problem has been with determining the relationships and evaluat​ing their significance. Methods for discovering genealogical relationships have been complex and cumbersome, requiring a prohibitive amount of time to process the infor​mation manually. This has resulted in compromises of various sorts–either the use of “profile” sampling of many manuscripts, or the use of a few “characteristic” early manu​scripts of text-types. Such compromises open the door for subjectivity and uncertainty. 


However, the advent of high-speed computers has greatly reduced the need for such compromises. Computers permit the use of much more complex methods and the processing of much more information without human error. What is needed is a genea​logical theory of textual criticism that accommodates a general solution of the tex​tual-critical problem to computer programming techniques. 


The previously mentioned methods developed by Froger, Griffith, Poole, Zarri, Dearing and Richards have contributed much toward such a theory. This paper outlines a genealogical theory of textual criticism designed to move closer to this ideal goal. It lays the foundation for continued theoretical research on the problem with no claim to com​pleteness or finality. It defines the general nature of the problem together with its com​mon complications. It defines a general solution of the problem along with its limitations. The theory has been tested by computer and found to be valid within limits but not with​out need for further research and development.


The present theory is designed to construct a genealogical stemma of manuscripts. It incorporates most of the traditional canons of textual criticism as represented by Metzger and Aland, except those that are dependent of subjective judgment. It makes use of the objective data available on the extant manuscripts such as name, date, variants, and language.

External Evidence


The method incorporates all the traditional canons of textual criticism for evaluat​ing the external witness of the manuscript evidence. These canons are:


(1) The canon of antiquity: Older manuscripts are more likely to be closer to the autographic text than more recent ones. 


(2) The canon of distribution: The consensus of widely distributed independent witnesses is more likely to represent the autographic text than a single text tradition.


(3) The canon of genealogy: Genealogical weight, not mere numbers, decides the probability that a reading is autographic. It goes without saying that an attempt to recon​struct the genealogical descent of the manuscripts constitutes the most rigorous applica​tion of the genealogical canon. The traditional Eclectic Method uses the genealogical canon primarily with respect to individual readings; it uses it only at the global level for manuscripts–that is, by text-types only. The Claremont Profile Method uses it only at the group level. Later discussion shows how these canons are implemented in this current theory.

Internal Evidence


The canons of internal evidence are not directly implemented in this theory because most of them involve some degree of subjective judgment that cannot be easily evaluated by computer algorithms. This represents a limitation on the theory. But it should not be regarded as serious, because the canons of external evidence are applied before those of internal evidence, and the results of the canons of external and internal evidence are usu​ally in harmony. That is, when the canons of external evidence are satis​fied, the canons of internal evidence usually agree. Aland’s basic rules 2 and 3 state:


2. Only the reading which best satisfies the requirements of both external and inter​nal criteria can be original.


3. Criticism of the text must always begin from the evidence of the manuscript tra​dition and only afterward turn to a consideration of internal criteria.


The canons of internal evidence are needed only to resolve the problem when the results of external evidence are uncertain. This genealogi​cal theory identifies those places of uncertainty, so when necessary, the internal evidence are applied indirectly.


The internal evidence is satisfied by the order in which the variants are arranged. That is, when the input data is prepared, the variant with the best support from internal evidence is placed first in order. Thus, when the external evidence is ambiguous, the algorithm selects the first ordered variant by default. In this way the algorithm meets the requirement of internal evidence.
 This is discussed further in the section on data prepa​ration.

The Nature of the Problem

The problem exists because ancient documents such as the books of the New Tes​tament were copied manually by scribes; the copies were then copied successively by other scribes for numerous generations. Although the various scribes were careful, human frailty introduced variations from the original autograph. Such variations were passed down to succeeding generations of copies, resulting in a collection of manuscripts that are not identical with the autograph nor with each other. Figure 1 represents the first three gen​erations of an ideal model of textual transmission with no secondary complications. 


In the model of Figure 1, the autograph was copied by scribes producing manu​scripts A, B, and C, each containing its own unique set of variants a, b, and c, respec​tively, introduced by the frailty of the scribe who copied it. In the next generation, Manu​script A was copied producing manuscripts D, E, and F containing the variants (a) of the parent A, and the unique variants (d, e, and f respectively) introduced by their individual scribes. Manuscript B was copied producing G, H, and I containing the variants (b) of the parent B, and the unique variants (g, h, and i respectively) introduced by their individual scribes. Likewise, Manuscript C was copied producing J, K, and L containing the variants (c) of the parent C, and the unique variants (j, k, and l respectively) introduced by their individ​ual scribes; and so throughout succeeding generations. Each manuscript contains the readings of all its parents plus the unique variants introduced by its own scribe. 
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FIGURE 1

Model of Textual Transmission


Given all the manuscripts in this ideal model, the reconstruction of the genealogi​cal tree and the identification of the autograph would be simple. However, the ideal model fails to reflect actual historic conditions. The actual transmission of a text may have included mixture, multiple parentage, corrections, and recensions. The problem is further complicated because the autograph has perished along with most of the early gen​eration copies, leaving a random collection of manuscripts whose genealogical relations are unknown, and a set of variant readings whose origin is uncertain.


The problem may be expressed as follows: given a collection of manuscripts of an ancient document under the above conditions, discover the most likely genealogical rela​tionship among them and the set of variants most likely to be original to the autograph. 

Assumptions of the Theory

Every theory has some underlying assumptions the truth of which affects its valid​ity. The present theory is based on several important self evident assumptions. It goes without saying that the theory assumes that the manuscripts of a given problem have genealogical descent from a single ancestral autograph. The reasonableness of this was demonstrated in earlier discussion. Other assumptions of the theory are discussed in the sections that follow, but in brief summary they are: (1) it is assumed that the text of each book of the New Testament is independent; (2) it is assumed that each manuscript bears witness to a set of variant readings; (3) it is assumed that one of the variants at each place of variation is the autograph reading; (4) it is assumed that external evidence is more sig​nificant that internal evidence; (5) it is assumed that only primary witnesses should be used in computations; (6) it is assumed that close similarity of readings defines genea​logical relation​ships; (7) it is assumed that among siblings
 a witness in the original lan​guage is superior to a translation, and the witness of a manuscript is superior to a quota​tion of a church father; (8) it is assumed that the witness of an exemplar may replace the witness of its descen​dants; and (9) it is assumed that tree-graph theory can reconstruct a tree diagram of the approximate genealogical history of a given text from a set of manu​scripts that com​prise a good sample of the history of the text. 

The Text of Each Book

 Is Independent


Because each book of the New Testament had an independent origin, and was inde​pendently circulated and copied in its earliest history, the early history of each book was different. It was only after the books were bound together in collections (such as the Gospels or the Pauline corpus) that texts began to share a common history. Therefore each book should be studied independently. 


Each Manuscript Bears Witness

 To a Set of Variants


Manuscripts resemble their exemplars, much like children resemble their parents. Since each manuscript is a copy of the text of its exemplar, it usually contains all the vari​ants of its exemplar in addition to any new variants introduced by its copyist. Therefore a manuscript bears witness to a set of variants,
 not simply to individual independent vari​ants. Thus a manuscript may be regarded as having a type of genetic profile that bears wit​ness to its genealogical descent. This is true even when mixture or alteration are involved; these circumstances only complicate the problem. This is in harmony with Aland’s rule 9 that states: “Variants must never be treated in isolation, but always in the context of the tradition.”


It is true that each individual variant reading has its own genealogical descent, but the genealogy of a reading should be in harmony with the genealogy of the manuscripts in which it is found.
 That is, the ancestors of a given manuscript should have the read​ings that best describe the origin of the readings in the given manuscript. Furthermore, the probability that a given variant is the reading of the autograph is complemented by the corresponding probabilities of the other variants with which the given reading has genea​logical affinity. In other words, a set of variants has a probability of being original, just as a reading does. The probability of a set of readings (a manuscript or exemplar) is deter​mined by the joint probabilities of the individual readings in the set. This is in har​mony with the traditional canon: “Witnesses are to be weighed rather than counted.”

One Variant is Original


It is assumed that one and only one of the variants at each place of variation is the autographic reading. It is possible that an original reading could have been completely lost. But the probability of such a loss is very small, and the recovery of a lost reading is beyond the capability of the present theory.

External Evidence is Dominant


It is assumed that external evidence is more significant that internal evidence. In the normal practice of textual criticism, external evidence is evaluated first, then internal 

evidence. This is in harmony with Aland’s rules 3 and 4 which state:


3. Criticism of the text must always begin from the evidence of the manuscript tra​dition and only afterward turn to a consideration of internal criteria.


4. Internal criteria . . . can never be the sole basis for a critical decision, espe​cially when they stand in opposition to the external evidence.


This theory evaluates the external evidence first, and makes all decisions based on the probabilities of external evidence when it is unambiguous. It is only when the exter​nal evidence is ambiguous that internal evidence is utilized, and then only indirectly by default choice. This assumption is due primarily to the limitations of implementation.


The basic principle involved in the evaluation of external evidence is: consensus among independent witnesses. This is harmony with Aland’s rule 5 that states: “there is no single manuscript or group of manuscripts that can be followed mechanically.”


Only Primary Witnesses Should

 Be Used in Computations


A manuscript bears primary witness to the readings of its immediate parent exem​plar, and secondary witness to the readings of its more remote ancestors and relatives. Primary witnesses provide the greatest statistical certainty and assure the most reliable probability. It is possible to use only primary witnesses by always computing from a group of sibling sisters to their immediate parent exemplars. Therefore only primary wit​nesses should be used, thus maximizing all probabilities. 


This satisfies the criterion of consensus among independent witnesses. As wit​nesses to the text of an exemplar the sibling daughters of that exemplar are independent of one another. They are mutually dependent on their common ancestors, and so as wit​nesses to the text of more remote exemplars, they are interdependent and do not qualify as independent witnesses. But as witnesses to their common parent exemplar, they indeed are independent. They likely were copied at different times, perhaps under different cir​cumstances, and possibly by different scribes. Their individual differences from their parent exemplar tend to be unique and can be explained as independent accidents. 


This means that “local”
 rather than “global” statistics should be used in determin​ing genealogical relationships. Global statistics are often misleading because they deal with broad general relationships rather than specific ones, yet specific relation​ships are required for determining genealogical descent. Global relationships emerge only after all local rela​tionships have been sufficiently defined. This means that a genealogical tree should be recon​structed by beginning at the remote branches and working back through intermediate branches to the trunk. The final form of the tree and the readings of the autograph thus are determined by the consensus among ancient independent wit​nesses.


Close Similarity of Readings Defines

 Genealogical Relationships


A small group of manuscripts more like one another than those outside the group may be assumed (although not conclusively) to be immediate sibling descendants of a common parent exemplar. Such a group exhibits a high percent-age of agreement and has one or more readings
 unique to itself. A sibling group bears primary witness to the read​ings of its parent exemplar and may be used to identify the readings of the exemplar, and thus the exemplar itself. The group will have unanimous agreement on most of the read​ings of its exemplar, providing 100% probability that those readings belong to the exem​plar. Probability will be less certain where the siblings differ. In such cases majority agreement among siblings gener​ally identifies the reading of the exemplar.
 Where major​ity agreement fails to identify a reading as that of the exemplar, the witness of near relatives outside the group
 usually will do so because near relatives are likely to share the readings of the sought-for exem​plar. Furthermore, a statistically weak reading without near rela​tive support is not likely to belong to the exemplar. 

The Original Language Dominates


Where sibling witnesses are of different languages, the readings of witnesses in the original language (Greek for the New Testament) dominate. Under this condition, it is safe to assume that the witnesses in the non-original languages are translations made from the exemplar under construction, and that the witnesses in the original language are more likely to reflect the reading of their exemplar. Likewise, manuscripts in the original lan​guage dominate quotations by church fathers that appear to be sibling witnesses. Such quotations usually have a less reliable transmissional history than an extant sibling manu​script. This is in harmony with Aland’s rule 5 that states: “The primary authority for a critical textual decision lies with the Greek manuscript tradition, with versions and Fathers serving no more that a supplementary and corroborative function.”


An Exemplar May Replace the

 Witness of Its Descendants


An exemplar may replace the witness of its descendants in the genea​logical recon​struction, since it is the authority that accounts for their existence. It has behind it the sta​tistical probabilities of its descendants plus the confirming probabilities of its own sisters and nieces. Therefore, once an exemplar has been reconstructed it may serve as a primary witness to its own parent exemplar in place of the witness of its descendants. This enables the principle of primary witnesses to continue functioning as the reconstruc​tion of the genealogical tree progresses. Aland indicated that in the classical methodology the daughter manuscripts are eliminated from further consideration.

Graph Theory

Graph theory
 provides a general mathematical model for computing the struc​ture of graphs that map the interrelations of variables having defined characteristics. A tree is a special kind of graph that takes the shape of a trunk with branches; it is particu​larly suited for mapping genealogical relationships. Theoretically a tree is acyclic, that is, it has no cycles or closed loops. A genealogical tree may have a closed loop if multiple parentage occurs. My genealogical theory provides for the possibility of multiple parent​age, but the familiar term “tree” or “stemma” is used in reference to the graphs in spite of the theoreti​cal inconsistency.
 Provided the available data is adequately distributed and mixture is not too complex,
 the theory is known to provide reasonably accurate solu​tions. 

General Solution

Although other possible approaches may be proposed for the solution of the prob​lem, a genealogical tree-diagram approach seems to be one that best fits the known his​tory of document transmission. This approach uses tree-graph theory with genealogical restraints; that is, the diagram maps parent-child relationships based upon commonness of readings. A node of the diagram represents a parent
 and a branch repre​sents a child. Of course, apart from the common ancestral forefather, every parent is a child of some mem​ber of the immediately preceding generation. In this case, a parent is an exemplar from which copies were made, children are first generation copies of the exemplar, and siblings are multiple first generation copies of the same exemplar. Apart from the possibility of correction, mixture, and scribal default, a sibling manuscript is expected to contain all the readings of its parent exemplar. 

Available Data

The data B available for use in the solution are a set of manuscript names (M) of the given document, a set of dates (D) of those manuscripts, a set of language codes (L), and a set of variant readings (V) for each of the manuscripts. This corresponds with a complete critical apparatus.
 The data may be represented as follows: 



B = {M, D, L, V}


 where



M = {m1, m2, . . . mi, . . . mn}



D = {d1, d2, . . . di, . . . dn}



L = {l1, l2, . . . li, . . . ln}



V = {V1, V2, . . . Vi, . . . Vn}


 and



Vi = {v1, v2, . . . vk, . . . vu}

where n = the number of extant manuscripts in the data base, and u = the number of variation units. Also mi is the name of the ith manuscript, and di is the date the ith manu​script was copied. The symbol li represents the language code defining the language rela​tionship of the ith manuscript to the language of the autograph. Vi is the set of variant readings of the ith manuscript, and vk is the variant of the kth variation unit of the given 

manuscript.
 Thus there is a name, a date, a language, and a set of vari​ants for each extant manuscript in the problem. 


In the preparation of the input date, for each variation unit (place of variation), the variant with the best support from internal evidence should be placed in first position.
 For example, for variation unit 12, the variant with best support from internal evidence should be made 12.1. This enables the program to invoke internal evidence when the external evidence is ambiguous. 

General Computations


The general solution of tree-diagram graphs requires iterative computations that reconstruct the remote branches into nodes first, then intermediate branches into clusters of nodes, and so forth; until all the branches and nodes are assembled into one tree graph. Because the initial data base is incomplete (that is, the autograph and some of the inter​mediate manuscripts are missing), the solution must restore any missing nodes as they are encountered. Restored nodes must be added to the data base and enter into subsequent computations.
 The computations exhaustively iterate through the following steps:


(1) Find the sibling daughters of the most remote undefined node. This is accom-

plished by locating the unattached manuscript
 in the data base with the maximum date.
 Its sibling sisters are the unattached manuscripts more like it than any others in the data base. Similarity is determined by commonness of variant readings.
 This requires a mini​mum criterion for siblings.
 If the manuscript with the maximum date has no sib​lings at the given value of minimum dif​ference, it should be passed over in favor of the manuscript with the next highest date, and so on until the remotest sibling group is found.
 Let S represent this sibling function. Then this step isolates a subset Ma of two or more sibling manuscripts such that 



S·M = Ma = {ma, mb, . . .}



S·D = Da = {da, db, . . .}



S·V = Va = {Va, Vb, . . .} 


 where



da = Max(D)



difab <= minimum difference limit

 
(2) Identify the exemplar of the given sibling group. It is the manuscript whose readings best explain the existence of those of the entire sibling group.
 It may be one of the mem​bers of the group itself, or it may be a missing exemplar that must be supplied. The exemplar can be identified by its set of variant readings. For each variation unit, the fol​lowing criteria determine the reading of the exemplar:

(a) full agreement of all the immediate sibling descendants; 

(b) if not full agreement, then majority agreement;

(c) if no majority, then agreement with a close outside relative;

(d) if no close relative support, then agreement with a more remote relative;

(e) if none of the above, then arbitrarily select to the first variant.


If arbitrary choice is the only alternative, then either choice will usually turn out to be insignificant in earlier gen​erations.
 The only exception would be for the 

determination of the readings of the autograph.
 In general, the above criteria should be expected to be con​sistent with scribal probabilities. Let E represent the above exemplar function. Then this step identifies the exemplar of the sibling group as follows: 



E·Ma = me


E·Da = de


E·La = le


E·Va = Ve

If the exemplar turns out to be one of the manuscripts in the sibling group, then it is already defined. If the exemplar had to be created, the value of its date (de) is unde​fined. It is defined as 25 years earlier than its oldest immediate descendant.
 Also its name (me) is unknown, so a unique name is assigned to it. Finally the language of the exemplar (le) is defined by the dominant language of the group; the language of the exemplar is assigned the common language of the sibling group; if some are in the lan​guage of the autograph, then the exemplar is assigned the language of the autograph.

 
(3) Add the newly created exemplar to the data base if not already there. Mark the siblings as attached to the exemplar as direct descendants, and remove them from the active data base because their genealogical descent has been defined.
 Let X represent 

this exchange function. Then the computations of this step are as follows: 



X·M = M + me - Ma


X·D = D + de - Da


X·L = L + le - La


X·V = V + Ve - Va

(4) Optimize the newly constructed branch. When solving an incomplete tree graph, that is, a graph with some missing nodes, the initial solution may be less than opti​mum. The solution algorithm reconstructs the remotest branches on each iteration. This is the best general approach to the problem. How​ever, in a given problem the sequence in which the composite branches are reconstructed may interfere with the computation of a few readings
 of some restored exemplars. This could happen whenever the best data for reconstructing an exemplar is not yet in the data base at the time the given exemplar is being restored. Consequently, the solution may reconstruct a few more nodes than were actually missing, and it may allow a few variant readings to be introduced more often than they actually were. 


Two things can be done to optimize the solution of a branch: (1) minimize the nodes, and (2) minimize the number of times a given variant is introduced in the solution. These two interact, sometimes aiding, sometimes opposing. The composite minimum is the opti​mum objective. This is based on the principle of simplicity: the simplest solution is usually the best.


Minimizing the nodes. The nodes of a tree diagram represent exemplars. When​ever the solution procedure reconstructs a branch it may initially calculate a genealogical configuration that is less than optimum. Wherever the diagram may be reconfigured to reduce the number of reconstructed nodes without increasing the number of newly intro​duced variants, it should be done.
 Methods for minimizing nodes are relatively simple, and are discussed in Chapter Two. 


Minimizing the variants. Ideally, if textual variants are regarded as independent accidents in the history of the transmission of a text, then a particular variant reading would be expected to arise in the history of transmission only once. For many variant readings that may have been the actual case. Common scribal errors can be expected to independently arise more than once, but sophisticated variants are likely to be singular. If the tree diagram of a given branch is constructed after the model of Figure 2, and every variant originated as a singularity, then a given variant reading would appear on the dia​gram only in the exem​plar where the reading originated. 


Several reasons account for a given variant reading appearing more than once on a reconstructed branch of the tree that is less than optimum: (1) genuine multiple inde​pend​ent introduction of the variant at different times and places in the history of the text; (2) mixture as yet undetected by the solution procedure; (3) imperfections in the recon​structed configuration. Non-singularities in the tree diagram due to the first reason usu​ally cannot and should not be resolved, but those due to the second and third reasons should be and can be resolved. The resolving of mixture reduces all occurrences of the variants in a branch to singularities.


Wherever the diagram may be reconfigured to reduce the number of newly intro​duced variants, it should be done. The creation of a new exemplar is permitted if the sum of the nodes and newly introduced variants does not increase. Methods for minimizing the number of newly introduced variants are relatively simple, and are not discussed here. Chapter Two discusses the optimizing algorithm in more detail.


Optimizing improves probabilities. The initial solution may have been less than optimum. This occurs when less than perfect decisions are made in reconstructing an exemplar having weak probabilities and less than the best support from the data base. However, once the initial solution is complete, the data base contains more information about the basic structure of the tree. Optimizing the configuration of the branches com​pensates for the less than perfect decisions of the initial solution, allowing the data base to strengthen the weak probabilities. Of course the final branch is the trunk of the tree, and optimizing the trunk puts the whole tree in optimum form. Thus the optimized solu​tion has the maximum statistical support. Let W represent the optimizing function, then the optimum solution of a given branch is as follows: 

B·S·E·X·W
Iteration

The solution procedure iterates through these four steps exhaustively until all manu​scripts are attached to their parents except the last exemplar which is the auto​graph.
 Let T represent the tree diagram of the solution. Then the general solution of the problem is as follows: 

T =  B·S·E·X·W
Resultant Tree-Diagram

Each iteration of the solution produces a node (branch) of the tree (representing an exem​plar) with two or more descendants (representing copies). In the process of pro​duc​ing branches, it systematically connects closely related branches together into larger, more complex branches, until it constructs the complete tree diagram. The best way to indicate the degradation of the text is to note in the individual boxes (nodes) only those variants by which a copy dif​fers from its exemplar. A copy is understood to contain all the variants of all its ancestors unless otherwise indicated. Figure 2 illustrates this method as compared with Figure 1 which lists all the variants of a given copy. 
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FIGURE 2

Model of Textual Transmission

Maximum Statistical Probability

This solution takes advantage of maximum statistical probabilities. A manuscript bears primary witness to its immediate parent exemplar, and secondary witness to more remote ancestors and relatives. Thus a sibling group provides the strongest witness to the identity of its exemplar, bearing unanimous consent (100% probability) to most of its readings, and majority consent (> 50% probability) to nearly all the others. Furthermore, the very nature of genealogical descent guarantees that even the statistically weak read​ings–those that are selected for an exemplar by the solution but that lack strong support from the statistics of the exemplar’s descendants–will usually be confirmed by the exem​plar’s own sisters, cousins, or aunts. Therefore, an exemplar reconstructed by this solu​tion is a statistically optimum representative of its descendants, and the solution proce​dure is justi​fied in letting an exemplar stand in place of its descendants in subsequent sta​tistical calcu​lations. Nothing of statistical value has been lost in doing so. 

 
Moreover, because the solution procedure always calculates from a sibling group to a parent exemplar, it always calculates from primary witnesses and with optimum sta​tistics. Therefore, ideally the solution is based on the best possible statistical probabili​ties. Unfortunately, the ideal may be frustrated by inadequacies in the data base that pre​vent best near-relative confirmation at the needed time, or by incidents in the history of the text that went contrary to logical expectation. Such frustrations may result in a less than opti​mum solution. Many of these frustrations produce predictable skewing of the solution that are compensated for by optimization. 

Restraints on the Theory

As with any theory, this theory must operate within reasonable restraints. How​ever, the type and complexity of the genealogical relationships are open, except that sim​ple genealogical descent is expected,
 with possible mixture.
 If the complexity of the genealogical relationships departs radically from this expectation, then the probability of an accurate solution diminishes. No solution will be found for a collection of manuscripts with no genealogical relationships; and if the problem matches Pickering’s model,
 all manuscripts will be identified as direct, first generation descendants of the autograph. 


In order for the solution to be a reasonable approximation of the actual transmis​sional history of a given text, restraints must be observed on the number and distribution of the manuscripts and variant readings used in the data base. Restraints also must be observed on the completeness of the manuscripts. A solution is no better than the quality of the data used to derive it; and in every case it is merely an approximation of the actual transmissional history, being based on a sample of the history, not on a complete set of historical details. 

Manuscript Distribution

The data base should have manuscripts representing the entire spectrum of the genealogical history of the given text–manuscripts from every available time period and every available geographic area. The object is to have a good representative group for every possible branch of the tree. Sparsely represented branches cannot be accurately reconstructed. The witness of an ancient version may be treated as a manuscript as long as the translation can be directly related to the variant readings of the original language. However, nothing in a version that is peculiar to the language of translation should be allowed to dominate linguistic features of the original language itself.
 The quotations of a patristic father also may be treated as a manuscript if the witness is relatively complete; but this involves the assumption that the father always cited from the same manuscript.
 The composite witness of ancient versions and textual traditions, such as the Byzantine tradition, may be treated as individual manuscripts, because a composite witness is the equivalent of an exemplar that explains the origin of the version or text tradition. In addi​tion to the composite witnesses, individual manuscripts of those traditions should be included when available.


Currently available critical apparatuses do not fully meet this desired distribution. The Nestles-Aland 26th edition provides a moderate number of variation units, but a lim​ited number of manuscript witnesses. The United Bible Society Greek New Testament (3rd revised edition) provides a moderate number of manuscript witnesses, but a limited num​ber of variation units. The critical apparatus being produced by the International Greek New Testament Project promises to provide a relatively good data base, and Aland’s Text und Textwert der Griechischen Handschriften der Nues Testament will pro​vide an exten​sive apparatus when complete. My current research has been conducted using the UBSGNT3 because it provides the best balance of manuscripts and variation units. 

Variant Distribution

Where the size of the data base is restricted by a memory limitation in the com​puter, the number of variant readings may have to be restricted.
 The set of variant read​ings used for solving the problem should be those regarded as the most significant. Minor spelling variations and the most common scribal errors should be weeded out first, then the less common scribal errors. The largest number of variant readings possible should be used. 

Number Distribution

The number of manuscripts in the data base limits the maximum number of branches of the family tree, and the number of variant readings limits the maximum num​ber of nodes in the tree. If the number of manuscripts greatly exceeds the number of vari​ant readings, then the tree will have few nodes each with numerous descendants. If the number of variant readings greatly exceeds the number of manuscripts, then enough nodes will develop to define the genealogical relationships of the manuscripts, and the variant readings will cluster in groups in the exemplars where they appear to originate. Thus the smaller number between the number of manuscripts and the number of variant readings limits the maximum detail of the family tree diagram resulting from the solution. So a bal​ance between the numbers provides the greatest detail for a given data base size. 

Manuscript Completeness

The data base must be self consistent; that is, every manuscript must have data for the same set of variation units. The data for every manuscript must be essentially com​plete; that is, every manuscript must have a reading for every variation unit used in the data base. A few lacunae can be tolerated. A missing reading is potentially a match for every variant of a given variation unit. A manuscript less than about 85% complete tends to encumber the solution. Such incomplete manuscripts may be included in the data base, but the computer algorithm must exclude them from the basic computations, and then place them on their most likely branch after the family tree has been constructed. 

Special Considerations

Several complications encumber the solution of tree graphs. These require special consideration: (1) mixture, (2) directionality, and (3) sparse witnesses. 

Mixture

If mixture has occurred in the transmissional history of a text then some of the manuscripts and exemplars will have family affinity to more than one parent exemplar. Whenever a potential sibling group has more than two manuscripts, there is the possibil​ity of local mixture. Consider the possibility for local mixture among three potential sib​lings. There are three possible kinds of relationships that may exist. In the first case, it is possible for them to have descended directly from one common exemplar with no inter​mediate mixture. The diagram would be 
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where Manuscripts 1, 2, and 3 share all the readings of the exemplar including its variants (a), and where variants (b) are unique to MS 1, variants (c) are unique to MS 2, and vari​ants (d) to MS 3; that is, variants (b), (c), and (d) have nothing in common. In a case like this, no MS in the group stands alone against the others with one or more readings con​firmed by outside witnesses such as a near relative. All three may be retained as sibling descendants of a common exemplar. 


However, in the second case, it is possible that two of the three may have an inter​mediate parent not common to the third. The diagram would be 
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where Manuscripts 1, 2, and 3 share all the readings of Exemplar A including its variants (a), but MSS 2 and 3 also share the variants (b) of Exemplar B not contained in MS 1; and where variants (c) are unique to MS 1, variants (d) are unique to MS 2, and variants (e) to MS 3; that is, variants (c), (d), and (e) have nothing in common. In a case like this, one MS in the group stands alone against the others with at least one reading confirmed by outside witness such as a near relative. The odd MS (in this case MS 1) should be excluded from the group, and only MS 2 and MS 3 should be presented to the exemplar function E thus permitting the intermediate parent to be identified first. 


Finally, in the third case, it is possible for the three to be descendants of two inter​mediate parents with some mixture.
 The diagram for this case would be 
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where MSS 1, 2, and 3 share all the readings of Exemplar A, including all its variants (a); but MSS 1 and 2 also share the variants (b) of Exemplar B, and MSS 2 and 3 also share the variants (c) of Exemplar C; and where variants (d) are unique to MS 1, variants (e) are unique to MS 2, and variants (f) to MS 3; that is, variants (d), (e), and (f) have noth​ing in common. Thus MS 2 is a mixture of Exemplars B and C, containing the variants (b and c) of both. 


This condition is recognized by the fact that sometimes one pair of MSS stands together against the third, and sometimes the other pair does, for non-unique readings. That is, subgroups can be identified within the initially given potential sibling group. In this case, first MS 1 and MS 2 should be presented to the exemplar function E to create Exemplar B, and then MS 2 and MS 3 should be presented to create Exemplar C. 


On first reflection, extension of this consideration to potential sibling groups of four or more manuscripts seemed to be increasingly complex. But experiment has shown that this is not true. Increasing the depth of this kind of mixture only increases the num​ber of subgroups in a given potential sibling group; and only current generation mixture is significant for a given iteration of the solution. That is, genealogical mixture earlier than the immediate parent exemplar(s) of a given sibling group will be identified be sub​sequent iterations. Mixture is accounted for by the optimizing function W. 

Directionality

As Poole pointed out, any point in a stemma “is capable of being treated as the origin of all other points, without logical inconsistency with the data.”
 His conclusion was that the directionality of a stemma cannot be determined by a computer. This is not entirely true in the case of literary textual criticism, because the direction of a genealogi​cal stemma of manuscripts will be oriented with history. That is, early manuscripts will tend to be genealogically nearer the autograph than late ones. Furthermore, an exemplar will always be older than its dated sibling descendants. Thus, by ordering the iterations of the con​struction of the tree according to date, that is, by constructing the tree from remote branches back to the trunk, the resultant tree will possess historic directionality. This pro​cedure involves the use of estimated dates for restored exemplars that may add some degree of uncertainty, but the presence of extant manuscripts with real dates tends to sta​bilize the orientation with true history. Furthermore, the language criteria and principle of genealogical dominance reinforce the directionality provided by date.


Important internal evidence also contributes to determining the directionality of a tree. Versions must always descend from an earlier source in the language of the auto​graph. Also at any node in the tree the reading that best explains the origin of the others is more likely to be the earlier one. This evidence is evaluated in the optimizing pro​cedure. With all these details taken into account, the exemplar that emerges at the trunk of the tree is most likely to be the autograph. Naturally some degree of uncertainty remains, but the uncertainty is no greater than the uncertainty inherent in the eclectic method and other approaches to textual criticism. 

Incomplete Manuscripts

Manuscripts that have less than 85% of the readings used in the data base cannot be used by the solution procedure to compute the structure of the tree diagram. However, such a manuscript can be treated as a “maverick” and located on the completed tree according to the “genetic code” evident in its extant readings. This provides a means for restoring the missing readings of the manuscript within the bounds of the statistical prob​abilities of the overall solution. The algorithm marks the maverick manuscripts and restricts the way in which they may contribute to the construction of the tree.

Tests and Verification

This theory has been programmed on a computer
 and tested with numerous test problems and several books of the Greek New Testament. The results have been pleas​ingly successful. Figure 3 is a tree diagram for the Book of Philippians, Figure 4 is one for the Book of 1 Timothy, Figure 5 is one for the Book of Jude, and Figure 6 is one for the Book of Romans. Due to space limitations, the figures show only the reconstructed genea​logical relationships of the manuscripts, but not the apparent historic origin of the variants. The latter information is part of the solution of the genealogical trees, and is available on more extensive diagrams. The trees exhibit a good degree of mutual consis​tency, verifying the three commonly accepted ancient text-types (Alexandrian, Western, and Antiochan) as well as a possible fourth (Cesarean); and they demonstrate the late, secondary origin of the Byzantine text. They suggest that the text of the Greek New Tes​tament experienced rather simple degradation involving only a limited amount of mixture and recensional activity. The data base used for Romans was sufficiently large enough (64 manuscripts and 91 variation units) to dispel any uneasiness about the results being due to overly simple test problems. 


The problem of verification has yet to be attempted. Poole correctly observed that 



In any experiment based on genuine material, there is of course no possibility of comparison of the results with any archetypal text, for none is extant. The only prac​ti​cal verification must therefore be by comparing the results from different bodies of data, to find whether they are consistent.
 

Although the consistency among the tree-diagrams for different books is very encourag​ing, the task remains to verify the consistency among different data bases for the same book. However, the distribution of the variants in the current tree-diagram for Romans suggests that such verification is likely. 


Obviously, more research must be done on genea​logical theory and on the compu​tational techniques for better implementing the theory on a computer. However, so far the results seem to justify such further research. It is hoped that the comments and criticisms of interested scholars will enhance further research. 
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� The only case where this may fail is where the external evidence is at variance with internal evidence, and the internal evidence is judged superior. But this condition is unlikely to happen, and is contrary to Aland’s rules 2, 3, and 4. In this case, the algorithm will select the reading with the best external evidence unless the evidence is ambiguous.





� The term “siblings” is used to refer to a group of manuscripts more like one another than any others in the data base. They may be assumed to be immediate descendants of a common exemplar, and so are siblings–brothers.


 


� Because, in any place of variation, the reading of the autograph is not known in advance, all the vari�ous possible readings are referred to as “variants.”





� Aland, Text, 276.





� Aland’s local genealogical principle calls for the construction of a stemma for each individual place of variation (his rule 8). This present genealogical method does not construct a stemma for each passage, but constructs one global stemma for the manuscripts. At any place in the reconstruction of a stemma, ancestral readings have a high probability and are propagated toward the trunk. Local variants have low probabilities and are moved away from the trunk. It is evident that if the global stemma for the manuscripts can be constructed fairly accurately, then the local stemmata of variants will be redundant and not needed.





� Metzger, 209.





� Aland, Text, 275.





� Aland, Text, 276.





� Aland’s uses the term “local” in the sense that variants are individually evaluated afresh so that a genealogical stemma is constructed for each passage, rather than one for the manuscripts. The term “local” is used here in the geographic and temporal sense. When an exemplar is being reconstructed, only local statistics is used–that of sibling daughters only.





� The term “reading” in this context is used in the sense of “variant reading.” Because all the manuscripts contain essentially the same text, the theory is concerned only with the places where variations occur. Thus the manuscripts are represented as sets of variants. So the concept of “similarity of readings” means that the manuscripts under consideration have mostly the same set of variants.





� Statistical majority among siblings is admissible, because they share equal genealogical status. Genea�logical restraints do not overrule numerical statistics at the sibling level–those restraints have already been satisfied by determining that the manuscripts satisfy the condition of being potential descendants of the same exemplar. At this level, the laws of probability suggest that an accidental variation is unlikely to occur at the same place in different copies of the text of the same exemplar.





� A near relative is a probable aunt or a cousin. An aunt would be a sibling of the sought-for exemplar and a cousin would be a descendant of such a sibling. A manuscript is regarded as a near relative if it is outside the given sibling group but more like that group then the other manuscripts in the data base.





� Aland, Text, 275.





� Aland, Text, 34.





� See Frank Harary, Graph Theory (Reading MA, 1969). Line diagrams that look like networks connect the nodes (variables) according to their relationships. Graph theory can be applied in many different fields of study. Back in 1847 G. Kirchhoff applied graph theory to the solution of simultaneous linear equations which define the current in each branch and around each circuit of an electrical network (Harary, p. 2). 





� Directionality may be imposed on the computation of a tree by including directional data (such as date) in the defined characteristics, and by imposing order on the computations–that is, by computing from the remote branches to the trunk. These restraints may be complemented by the principle of genealogical dominance. At any point in the upward development of the tree, readings that exhibit genealogical domi�nance (not necessarily numerical dominance) are moved up toward the autograph until such dominance fails. Readings that maintain genealogical dominance become those of the autograph.





� Limitations on distribution and complexity of mixture are discussed in a later section. 





� In this problem only one parent is involved except in the case of mixture. 





� The data base must be self consistent, that is, every manuscript must have data for the same set of variation units. The data base may be optimized by eliminating insignificant variation units and insignifi�cant manuscripts, or by selecting the set of those known to be the most significant. Such optimizing may skew the resultant solution if done unwisely. 


	The data base must exhibit good geographical and historical distribution, together with a proper numerical balance between manuscripts and variants. These restraints are discussed in a later section, together with the availability of such a data base. 





� The variant readings are represented by index numbers not by the actual wording of the variants. Thus index 1 represents the first variant at the given place of variation, index 2 represents the second, etc. The program makes only same/different decisions about readings. It cannot make decisions based on subtle differences in the actual words.





� Usually the variant chosen by the editors of the critical apparatus from which the input data is taken will have the best support from internal evidence.





� This procedure adds the most important ingredient of directionality to the construction of the tree. It allows the tree to “grow” inversely from the branches to the trunk, picking up its missing intermediate nodes in the process. Other ingredients of directionality are provided by the optimizing procedure dis�cussed later. A missing node cannot be restored unless sufficient descendants have survived and are in the data base to account for its existence. Thus the solution cannot accurately reconstruct a severely sparse branch, but may only approximate it. 





� The description of the solution is partially heuristic, that is, it is capable of being described by a com�puter programming language, but not necessarily by mathematical formula in every detail. 





� In this context, the term manuscript refers to an extant manuscript or an exemplar previously created by the program as the head of a branch. By providing a common exemplar parent for sister heads of branches, the procedure creates larger, more complex branches.





� This criterion of date incorporates the canon of antiquity into the procedure. Late manuscripts are assumed to be more likely attached to remote branches, and early manuscripts more likely attached nearer to the trunk. This does not exclude the possibility that a late manuscript could be a faithful copy of an early exemplar; such a manuscript will not exhibit close relationships with a truly remote branch.





� This step is similar to a corresponding one used by Poole (p. 210-11), except that he does not employ the ordering criterion of the most remote undefined node. In case there are more that two siblings in the group then the possibility of local mixture exists. Such mixture is resolved after the siblings are attached to their exemplar; it is resolved by the optimizing procedure.





� The program begins by looking for unattached manuscripts that differ from the initial given sibling by only one reading, and when that difference can no longer be satisfied, it increments to two, and so forth, returning back to one after each pass through the data base. Decisions about similarity are made on the basis of a difference matrix that defines the degree of difference between each manuscript and every other manuscript. Similarity may be partially obscured by the presence of genealogically random readings, that is, readings that are present by random accident, not by clear genealogical descent. The obscurity cre�ated by their presence is filtered out by subsequent optimizing procedures.





� A late manuscript may be a copy of an early exemplar not yet in the data base. Such a lone descendant will have no siblings or close relatives among the other late manuscripts most of which will be descen�dants or more recent exemplars. It is right to bypass such an orphan until its siblings show up in the later development of the tree. 





� This corresponds approximately to the canon of internal evidence: The reading that best explains the others is to be preferred. However, it is limited to decisions that can be made from the external data, not from subjective judgment. External evidence of the variants consists of index numbers only. Decisions are made on the basis of same/difference of index number, not on the basis of the actual words of the variants.





� Poole (p. 211) has a similar but not identical set of criteria.





� Statistical majority among immediate sibling descendants is admissible, because they share equal genealogical status. Genealogical restraints do not overrule numerical statistics at the sibling level–those restraints have already been satisfied by determining that the manuscripts satisfy the conditions of being potential immediate descendants of the same exemplar. This is true at the local level, but as the tree grows the branches become more independent of one another; and at the autograph level, the branches are the most independent. Thus, in the earliest generations, this criterion implements the canon of distribution: Consensus among remote independent witnesses is more likely to represent the reading of the autograph.





� This selects the variant with the best support from internal evidence as predetermined by the order in which the input data was arranged. See discussion on the preparation of the input data.





� Arbitrary choice results from readings with equally probable chance of being that of the exemplar. By default the program selects the first variant in the list for the given variation unit. An arbitrary choice that turns out to be wrong will show up as an inconsistency in the further development of the tree diagram. Such inconsistencies are resolved by the optimizing procedure discussed later. 





� For determining the readings of the autograph the algorithm uses the readings of the primary second generation exemplars. A primary exemplar is one that serves as principle parent for at least one of its descendants; that is, it is not an exemplar that only explains mixture.





� The value 25 is arbitrary, being an estimate of the average span of a manuscript generation. Such esti�mation has some effect on the accuracy of subsequent directionality computations. However, the real date of an extant early manuscript tends to correct for any inaccuracy of an estimated date associated with its reconstructed siblings. That is, the real date stabilizes the directionality of the estimated ones. The excep�tion would be where one of the reconstructed siblings should have been older than its extant sibling. This incompatibility is corrected by the optimizing procedure which corrects estimated dates to be consistent with actual dates as the tree grows.





� The language criterion adds another ingredient to directionality. A translation is obviously subsequent to the exemplar from which it was made.


� Poole (p. 211) follows a similar step. The siblings are removed from the data base where further construction of the tree is concerned, but not with respect to optimizing.





� This could occur only where probability could not determine the reading of the exemplar for a given variation unit, and confirmation from outside the sibling group was necessary. It is possible under this condition that the best outside confirmation is not yet available, and a wrong reading could be confirmed. This can happen occasionally, but not regularly. 





� Dearing followed a similar procedure which he called the “law of parsimony.” 





� Those due to genuine multiple independent introduction can be detected by the remoteness of the hypothetical exemplar that explains the apparent mixture. It will be attached to the autograph itself or to one of the early generation exemplars. It will serve all of its descendants as a secondary parent.





� Of course, because of some directional uncertainty, the last exemplar may not be the true autograph, but optimizing of the tree diminishes the uncertainty. Such uncertainty is no greater than the acknowledged uncertainty of current methods. This is true because experience has shown that the theory essentially recovers the traditional text-types, with more detail about their interrelationships, and it follows the canons of external evidence throughout the development of the whole tree in determining the most likely readings. Also it identifies the statistical probabilities of all the readings, thus identifying the places where the canons of internal evidence may need to be applied manually. Poole (p. 211-12) follows a similar iteration, except that he stops when the number of remaining manuscripts reaches four. 





� Simple genealogical descent means that a manuscript was copied from one exemplar and contains most or all of that exemplar’s inherited defects. It does not exclude accidental or deliberate alterations intro�duced by the copyist. The work of the hand of a later corrector must be regarded as a separate witness to the text of the exemplar from which correction was made, assuming of course that the correction included every place where the manuscript differed from the correcting exemplar. 





� Mixture means that the copyist had two or more exemplars before him from which he picked readings according to some unknown criterion. Mixture is not to be confused with correction as discussed in the preceding note. Mixture produces a hybrid text; correction produces a new witness to an alternate exem�plar. Mixture of this type is expected but not extensively.





� Pickering described his model as “a swelling stream of faithfully executed copies emanating from the holders of the Autographs” (p. 134). Personal correspondence with him seems to indicate that he regards this as an over-simplification. He does not mean to imply that there are no genealogical relationships among the manuscripts. 





� This is accommodated by the language restraint on the algorithm that prevents a version from overruling a sibling manuscript in the original language. 





� If the father quoted from a source not in the original language, the language restraint on the algorithm also prevents a foreign language father from overruling a manuscript in the original language.





� The present version of my program will accept any problem with up to 1,020 variation units, and with a maximum of 1,020 manuscripts, including those generated by the program itself. With the availability of extended memory on the more advanced computers now on the market, size does not seem to be the problem. But large problems will take quite a long time to solve. Presently, a problem with 75 extant Mss and 25 variation units takes about 7-10 minutes to reach an optimum solution.





� It is possible for three or more intermediate parents to be present, but generally the tree is expected to converge. The inclusion of the more complex possibilities is actually accomplished by providing for the general possibility of the simpler case. 





� Poole, 207.





� The present program is written in Turbo Pascal 7.0 intended for IBM compatible machines with extended memory. The size of the problems it can handle is flexible and is limited only by the amount of RAM available and the speed of the machine [up to a maximum of 1020 variation units and 1020 manuscripts]. Large problems require considerable time to converge on a solution. 





� Poole, 213.
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