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FINDINGS OF THE COMMITTEE TO INVESTIGATE THE GANS-INBAL RESULTS ON
EQUIDISTANT LETTER SEQUENCES IN GENESIS

by Robert J. Aumann and Hillel Furstenberg

Abstract

In 1996, a committee was formed to examine the results that had been reported by H. J. Gans regarding the
existence of “encoded” texts in the bible foretelling events that took place many years after the Bible was
written. The committee performed two additional tests in the spirit of the Gans experiments. Both tests
failed to confirm the existence of the putative code.



Preface

The committee whose report is provided herewith began work in 1996. The report,
signed on 6 August 1998, contains instructions for carrying out a replication of the
Gans-Inbal experiment. Collecting the data for this replication took an additional
four years. The results reported in Part D of the report were calculated on 16 July
2002.

This report contains only material generated up to and including the moment that
these results became known. All material generated after that date is included in a
separate document, DP 365 of the Center for the Study of Rationality.

Robert J. Aumann and Hillel Furstenberg
2 May 2004



August 6, 1998

Findings of the Ad Hoc Committee for the Investigation of the Gans-Inbal Results on the non-
random occurrence of ELS’s (Equidistant letter sequences) in Genesis.

The Committee was organized at the initiative of Prof. D. Kazhdan.
The committee includes five members:

1. Prof. R. Aumann

2. Dr. D. Bar-Natan

3. Prof. H. Furstenberg
4. Dr. 1. Lapides

5. Prof. E. Rips

Part A - Introduction

This committee was set up to look into the results reported by Gans in [G]. It will be recalled
that previously Witztum, Rips and Rosenberg [WRR] had reported that the names of certain Rabbinic
personalities who lived during the last millennium appeared ‘in the book of Genesis in ELS’s at a .
distance from the anniversaries of their deaths and births that is significantly lower than wouild be
expected if the phenomenon were due to chance alone. WRR used the Margalioth Encyclopedia
(1961) to generate a list of names and dates.

Gans reported a similar outcome, with dates replaced by localities. Also the Gans experiment
was based on the Margalioth Encyclopedia, and used the Encyclopedia Hebraica (1981) to generate
the list of Rabbinic localities following a clear algorithm.

The Committee decided to perform another test in the spirit of the Gans experiment. As the
identification of the localities and their designations involves matters of judgement, the committee
decided to turn to independent experts to generate the list. The selection of the experts was left to
Prof. H. Furstenberg, a member of the committee, and Prof. A. Lubotzky, who is not a member of
the committee. The identities of the selected experts were not revealed to the other committee

members, until after the results of the computations were reported.

Agreement could not be reached on the instructions that the experts were to receive, so two
sets of instructions were generated. One, which we here call the "Fresh" test, leaves more to the
expert’s discretion. The other, here called the. "Replicative” test, hews more closely to the principles
used in Gans’s investigation, leaving less discretion to the experts. Each of the two lists thus
generated was matched against the list of personality designations appearing in the Gans report.

Except for Appendix 4 below, and the numerical results reported in part D, this entire
document was decided on and composed before any experts were consulted and before any
computations were done. In particular, this applies to the criteria described in part B and the remarks

in Section E.



Part B - Criteria for Evaluating the Results

There are several rabbinic personalities involved in the WRR and G results. An early version
of WRR was carried out with a list of 34 rabbinic personalities, while the version appearing in [WRR]
is based on an additional list of 32 personalities. [G] is based on the combined list of 66
personalities. There are also different statistics that can be measured. Of relevance to us are the
statistics P2 and P4 described in [WRR]. In the case of the Replicative test, which was to conform
rather closely to the Gans experiment, we too use the combined list of 66 personalities and measure
the P4 statistic, except that we use a permutation.rank (as in [WRR]) rather than the raw statistic
employed by Gans. This result is referred to as R. In the case of the Fresh test we calculated both
P2 and P4 for the separate lists as well as for the combined list, thus arriving at six numerical values.
The result, which we call F, is then defined as the next to "optimal” result; i.e., the value next to

the least of the 6 numbers.

The outcome of the Fresh test will be deemed positive, i.e., to indicate that there is a real

phenomenon of non random placement of ELS’s in Genesis ("codes™), if F < = .001; negative, i.e.,
to offer no support for the codes hypothesis, if F > = .05; inconclusive, otherwise.

‘The outcome of the Replicative test will be deemed positive, i.e., to indicate that the
phenomenon of codes is real, if R < = .0002; negative, i.e., to offer no support for the codes
hypothesis, if R > = .05; inconclusive, otherwise.

Part C - Calculations and Dissemination

1. The Committee requests E. Rips and D. Bar-Natan to carry out the calculations
independently and to report the outcome.

2. Transcripts of the Committee meetings will be made available to the public at the Center
for Rationality of the Hebrew University.

_ 3. The Present Document will be posted on the Internet and éppear as a Discussion Paper of
the Center for Rationality of the Hebrew University. T

4. The names of the experts will be revealed (see Appendix 4 below), but only after all
calculations are carried out (and, if necessary, reconciled).



Part D - Results
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1. The Fresh test resulted in a level of F = ...[ which is deemed ...)."
' ’ (70 YO hqéc(hVQ

b
2. The Replicative test resulted in a level of R =S which is deemed ..7).

3. For reference, the result of the Gans experiment was G = ... 4200 005 .

As explained in Part B, the numbers displéyed in 1-3 are permutation ranks computed using
the algorithm of WRR. The discrepancy between the result of (3) and the result reported by Gans
is due to the difference between the algorithms used.

Part E - Cautionary Remarks

Caution must be exercised in interpreting these results. Even the Fresh test cannot be
regarded as completely "fresh” - it is correlated with data on which codes experiments were
performed before. However, the instructions were formulated in broad terms. In the case of the
Replicative test, the instructions to the experts were more detailed, though they were still phraséd in
general terms and no specific localities were mentioned in them. One might say, therefore, that this

data set is less "fresh".

On the other hand, if there is indeed a phenomenon of codes, then one would expect it to
follow certain general rules or practices. Some idea of these rules were gained from the WRR
experiment on dates, and from other previous experience (on matters unrelated to the localities in
question), and it would be legitimate to mcorporate these ideas in testing the localities. This is the

logic behind the Replicative test.

- The result G of Gans’s experiment was adduced in Part D above for comparison with the
result R of the replicative test. A great disparity between R and G may raise eyebrows. But it
should be noted that if indeed there is a code phenomenon, then G might a priori be considerably
smaller, or larger, than R. For example, this could happen if the expert had used spelling
conventions that are systematically different from those used by the putative encoder.

Part F - Minority Reports

In spite of the minority reports submitted herewith, it should be stressed that the form of Part
A, and the texts of the instructions to the experts, were agreed upon by all the committee members.
Moreover, both Dr. Bar Natan and Prof. Rips agreed that the statistics F and R described at the
beginning of Part B were appropriate tools for judging the result. But, Dr. Bar Natan was opposed
to setting any pre-specified thresholds by which to judge the results.



Appendices

1. The Gans article;

2. The article of Witzturn,- Rips 'and‘Rosenberg;
3. Texts of the letters to the experts;

4. Responses of the experts;

5. Minority Reports.
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Coincidence of Equidistant Letter Sequence
Pairs in the Book of Genesis

By Harold J. Gans*

National Security Agency, Ft. Meade, Md., U.S. A.

SUMMARY
Witztum et al. (1994) provide statistical evidence for the non-random coincidence of equidistant letter
sequence (els) pairs in the Hebrew text of the book of Genesis. Specifically, they show that if an els spells

the name of a fomous Jewish personality, and a second els spells the Hebrew date of birth or death of that

personality, then the two sequences lie in close proximity to each other more often than expected at random.

We corroborate this unusual result by ~omparing the proximity measure for each els pair with the same
measure applied to a pl;obabilistic simulation of the els search vprocedure. We also obtain similar results
for a new data set conéisting of famous Jewish perzonality names paired with the jewish names of the

comumunities in which these personalities were born or died.
KEY WORDS: COMPACTNESS MEASURE, ENCODED INFORMATION, GENESIS, PROXIMITY
MEASURE, SIMULATION.

_ 1. INTRGDUCTION

This papé}: descriBes statisiical es.s p-rformed to corroborate and extend the highly
wnusual results reported by Witztur. et al. (1994). Tt is suggested that the reader familiarjize
himself with this reference before proceeding witls this paper. |

In their article “Equidistant Letter Sequences in the Book of Genesis”, Witztum et al.
provide stagtistical evidence for the non random coinciderce of squidistant letter sequence
. els) pairs in the Hebrew text of the book of Genesis. (The text used is the standard “Textus
Receptus” published by the Koren Publishing Company, Jerusalem. Reference Witztum et
al. (A4)) Speciﬁcaﬁﬂy, they show that if an eis spells the name of an a priori selected
famous Jewish personality and a second els spells the Hebrew date of birth or death of that
personality then tﬁe two sequences can be representéd in a mutually compact configuration

in which théy are in close proximity to each other more often than expected at random. The

¥ Address for correspondence.: National Security Agency, E14, 9800 Savage Road, Fort
George G. Meade, Md. 20755, U.S.A. ‘
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list of personalities éélected for. this study i5 referfed to as “list 2” by Witztum el al. and is
extracted from an encyclopedia of famous rabbinic personalities (Margalioth (ed.), 1961).
(See Witztum et al.,’(A.3) for a detailed description of how this list of personality - date
pairs is formed. The cﬁterion for inclusion of a person-ality in this list is that the entry for the
personality in the encyclopedia contain between 1.5 and 3 columns of text and that a date
of birth or death be sjpeciﬁed, This sample is calle;d “list 2” to distinguish 1t from an earlier
and disjoint sample, “list 1”, of personality - date pairs in which the criterion for inclusion
was a minimu;n of 3-columns of text for that entry in the encyclopedi‘aA See Witztum et al.,
(section 2) for the reason for these two samples.) Witztum et al. compute that the overall
significance level for the 163 pairs of nameé and dates in list 2 found as els’s in the book of
Genesis is 1.6 x 105, We use a slightly differeat methodology and corroborate their results.
In addition, we produce a new set of equidistant letter sequence pairs‘, list 3, which pairs
the personality names from list 1 and list 2 with the Jewish names of the communities of
their birth and death. We show that list 3 exhibits the same phenomenon.
2. EQUIDISTANT LETTER SEQUENCES AND COMPACTNESS

Using the same ngtation as Witztum et al., we start with an abbreviated description of
the methodology and results reportéd in their paper. The reader is referred to their paper
for elaboration of de:t¥ails and motivation.

Define an els (equidistant létter sequence), denoted (n,d, k), in the book of Genesis (G)
as the sequence of le’ét}ers found at posiéions n,n+d,n+2d,...,n+(k—1)din G. We call d the
“skip distance” of the els. Given two-.els’s; e=(n,d, k), ¢ = (n,d,k') in G, the distance
between e and €', 85 (e, €’), 1s defined by writing G as a single helix of letters spiraling down
a cylinder with h vertical columns of letters and setting 6 (e,e't) = f2 4 f’2 + 12, where
f is the usual Euclici;ean distance (in columns of rows of letters) between two consecutive
letters of e on the. siirface of the cyiinde,r,' /' is the same for &', and ! is the minimal
Euclidéan distance bétween a letter of e and one of e/ on the surface of the cylinder. Then
pn(e, €’) = 1/6n(e,€') is directly related to the mutual compactness of the configuration of
e and ¢’ (and the pro;dmity of e and ¢’) on the cyiinder for given h. That is, the greater the

compactness of the configuration of e and €', the larger uy(e,e’) tends to be for specified
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ﬁ. In general, setting h = h; = the i}earest integer to |d|/i tends to give small values of
f for i small, so we ']et hi = nearest integer to |d|/i and h. = nearest integer to |d’|/i and
define a(e,e’j = 2.2, pne,e’) + 23-21 ,u.;: {e,e’). Note that setting h = h; as described
places the letters of e in a vertical column with distance f = ¢ between successive letters
whenever |d|/7 is a,?l integer, and 'places the letters in a non vertical straight line otherwise.
See Witztum et al,: (A.1). Note tooi that o(e,e’) tends to be large provided that there is a
relatively compact co%,nﬁguration of e and e}7and they are in close proximity (i.e., I is small)

for at least one of h; or hi,i=1,..,10.

Suppose the letters of a word W.are‘ found as an else = (n,d, k) in G with |d| > 2. Then
T, is defined as the maximal segmént of G such that e is contained in T, and if W is also
found as an els é = (7, d, k) contained in T, then |d] < |d|. We say e is minimal in T.. Let
AM(T) be the length (in letters) of a segment T of G. Then define w(e, ¢’) = AM(T.NTe)/A(G).
w is a weight; 0 < w < 1, which measures the fraction of G in which both e and €’ are
minimal.

For two words W and W', we now define Q(W, W') = 3" w(e, ¢')o(e, ¢’) where the sum
should ideally be taken over all els’s e and & spelling out W and W' respectively. For
computational efficiency, however, the sum is taken only over those els’s for which wle, ')
is relatively large, and thus contributes substantially to Q(W, W’). Speciﬁcally, let D(W)
be the largest skip distance for an els e spell\ing W such that the expected cardinality of
{e = (n,d, k)2 < Id] < D(W)} is less than or equal to 10. (See Witztum et al., (A.1)
for the explicit computation of D(W).) Then the sum in Q(W, W’) is taken over all els’s
e=(n,d, k) and ¢’ = (n’, d, k') spelling W and W' respectively, such that 2 < |d] < D(W)
and 2 < |d] < D(W’). To quote Witztum et al. (pg. 435) “Very roughly, Q(W,W’)
measures the maxinimm closeness of the more noteworthy appearénces of W W' as ¢ls’s in
- Genesis - the closer £hey are, the larger is (i(37, T/Tf’)”.“Note“'(;fthy” here means that w(e, ¢)
is rela,tively large, )'.-.e., the skip distancas d and d’ of the els’s of W and W’ respectively are
velatively small (coi'n'pared to other els’s of W and W' ).

It 1s at this point that we diverge.gfrorn the methodology of Witztum et al. They define an

“(z,y,z) - perturbed’ els”, (n,d, k){®¥*) where z,y and z € {—2,—1,0,1,2}, as the letter
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sequence in G at positions n,n+d,...,n+ (k —4)d,n+ (k- 3d+z,n+(k—2)d+z+y,
n+(k—1)d+z+ y + z. They define 5h((7:, d, k)@v2) (n/ & k)@¥2)) in the same way
as 6p((n, d, k),(n',d’;jﬁk')) is defined, (and in which f and f’ are the Euclidean distances
between the unperturbed letters of e and e’ respectively) and using.the same definition as
before obtain Q=¥ ’)(W W’). Note that Q(O'O'O)(W W' = Q(W, W').

Let M(W,W') = {(.’c Y,z )B(n d k)(x'y”’) of Win'G and H(n d, k)=9:2) of W' in G }
and let m(W,.W’) = card(M(VV W )) Note that m(W, W’) < 125. If (0,0,0) € M(W, W’)
they define v(W, W’) = card({(z,y,z) € M(W,W)|QE¥ W, W) > QW,W")}). If
«(W,W’') > 10 then ¢(W, W’) is defined as ’U(W, W /m(W,W'). (See Witztumvet al.,

“(A.2) for more details and _rnotivat;on.) Note that (W, W') resembles a normalization of
QW, W'y 1/125 < c(W', W) < 1. To quote Witztum et al. (pg. 435), “in words, fche
eorrected distance ¢(W, W) is simply the rank order of the proximity (W, W') among all
the ‘perturbed ‘pr,ox'ir‘nities’ QW W), we normalize it so that the maximum distance
1s 1. A large corrected distance means that els’s representing W are far away from those
representing W', on a scale determined by how far the perturbed els’s for W are from those
for W'”. For technical reasons, Witztum et al. also restrict themselves to els’s of words
that have between 5 and 8 letters inclusive. (See Witztum et al., (A.3) for the reason.) We
do the same here for consistency '

3. pROBABILISTIC SIMULATION OF THE els SEARCH

We now deviate from the methodology of Witztum et al. by substituting 124 probabilistic
simulations of the elssearch procedure for the 124 perturbations used to normalize Q(W, W').
Thus, rather than,u}sing (z,y, z) - perturbed els’s to obtain ¢(W, W’), we instead define
cs(W, W’) as a normalized ranking of Q(W, W’) among Q,(W, W’), where each Q,(W, W’)
is obteined by a pr&babilistic simulation of the els search. That is, let (W) be the set of
els’s of a word W in G.and let p(a) = prob(z = alz € G). Let a;,i = 1,..., k be the letters
of W and define : . |

p(W def H p(a;).
The motivation for jchis definition is t_hat 1f the ai ’s were homogeneously distributed in G

and if the skip distence d were ’large enjougb %o ensure the independence of the p(a;)’s, then
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p(W) would be the probakility that (n, d, k) € E(W) for any specified n, 4, and k such that
1 <n+(k-1)d < MG). We stress, however, that no such assumption is made; this is »
simply the motivation for the definitions and procedure which is to follow.

For specified k and d we now let M = A(G) — (k — 1)|d| and define
- e (MY -
pu,0) % (M) oty 1 = o).

The motivation here rs that if p(W) were prob({(n,d, k) € E(W)|n,d, k), then pa(W, j) would

pe the probability of'ﬁndingj elements of E(W) with skip distance d, i.e.,
prob{card({z = B(W)|skip(z) = d}) = j).

Once again, no such assumption is made, this is simply the motivation.

The simulation of the els s“earcb proceeds as follows. For each d, 2 < |d| < D(w), we
produce rg, a Lp»sevdo—random number uniformly distributed on [0,1), and compare rg to
pa(W,j) for j = 1,2,...,10. (We use the program “URAND” on page 246 of Forsythe et
al. (1977)). The seed used in the program was computed as (sec100th + 1)(sec + 1)(min +
D)(hr +1) where sec]:OOth, sec, miri, and hr are the 1/100th of a second, seconds, minutes,
and hour respectivel}'f, oBtained from the computer clock at the start of execution of the els
simulation program. The addition of the 1°s prevents the product from vanishing.) For each
3, if rg < pa(W, j) we record a simulated els, (nj,d,d,lc)s of W with n; 4 as yet unspecified.
(Thus, if rg < pa(W, ) for j = 1,2, ..., q, then ¢ simulated els’s are recorded for skip distance
d. Rec;ll that the m.?tivaiion of the definition of pg(W, 7) is that under certain conditions,
pa(W, 7) would be th.e probability of finding j els’s of W at skip distance d.) For the words
used in the experiments, the reqﬁirement k > 5 always results in very small values of pa(W, 7)
for j > 4; thus the conservative choice 7 < 10. For each (7 4,d, k), recorded, we prodﬁce
another pseudo—randqm number r‘;.,d, uniform on [0, 1),'and set

[1+ 75 J(M —1)] ifd>0
S { [1—(k—1)d+r (M —1)] ifd<0
so that 75,4 1s uniformly distributed over all possible start points of a k long elsin G with skip

distance d. This entize procedure is repeated 124 times to produce sets F (W) of simulated
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el’sof Win G, s=1,...,124. For each Ey (W) and E,(W'), s = 1,...,124, we compute
Qs (W, W') in exactly the same way as Q(W, W’) is computed, and rank Q(W,W’) among
the Q, (W, W') to pfoduce es (W, W'), just as ¢(W, W’) is produced by ranking Q(W, W’)
among Q&) (W, W’)

4. THE SIGNIFICANCE LEVEL OF THE COMPACTNESS OF els PAIRS

We now return to the approach of Witztum et al. to obtain a probability against the

null hypothesis of r;andom correlation between els’s of paired words in list 2. Witztum et al.
actually define four'statistics; we only compute the one (p4) which gave the most significant
resuIts. (Note that the final significance lavel, po, is a function of the most significant of
the four statistics gnly, viz.: pg = 4min(p1, pa, p3, pa). Our intention is to corroborate the
significance of thisiﬁnal result.) pg is computed by using a subset, Q, of list 2 in which all

. appellations startil;rg with the title “Rabbi” are omitted, and taking the product II(c(W, W’))
over all word pairé (W w’ ) in Q. (The use of Q has the effect of reducing the number of
personahtles with’ the same title an“ name in list 2; in fact, all of the personalities in Q
have unique appcllatlons See Witztum et al , (A.B) for a detailed explanation. In the end
result, the statlst)c on Q pa, as rep01ted in their paper (see Table 3), is only very slightly
more significant than p2, the same statistic run on the full list 2 .) P4 is then defined as
FN(II(e(W, W’))) Where N = car d(Q) and

Xy ()

or (N =) )

FN(X)=X(1 —InX +
" Note that if the ¢(W, W’) were independent random variablés uniform on [0,1] then
prob(I(c(W, W) < z) = FN(z).

However, 1o such assumption is made; this is merely the motivation for the definition. See
Witztum et al., (A.5) for the details.

To calculate a significance level, 999,999 pseudo-random permutations m; of the 32 per- “
sonalities in list 2 z:re produced, each permutation thus forming a pseudo-random matching
of personality name with date of birth or death. Each of these permﬁtations 7; determines

a statistic P;*. Then _
_card({m|P]" < Py})+1
B - 108
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is the probability under the null hypothesis that Py would rank as low as it is among the

M
P

In a similar way, we compute P4(5)_ as FN(I(c (W, W'))) and P‘;yr as the P4s) value
f:omputed for a permutation 7 of the personalities in list 2. We do this computation for
999,999 pseudo-random permutations 7;, where the permutation algorithm and the seed
used were the same as in Witztum et al., (A.6€), and the pseudo-random number generafor

was the same as that used for the simulated els search. As do Wiiztum et al., we then

compute

card({rmlp‘l(s)w" < PS)}) +1
108

as the probability uader the null hyposhesis that Pé’) would rank as low as it is among the
P Witzbum et al. obtain 04 = 41075 (The overall significance level of 1.6 x 1075 =
4p4 s obtained by accounting for tie facf tiwt four statistics are computed. See Witztum
et al. (section 2). We made an a priori choice to compute only g4, corresponding to py, the
most significant of the four statistics. Thus, 494 is an upper bound on an overall significance
level based on all fbu&r statistics. Recall that the objective is to corroborate the significance

of the experiment performed by Witztum et al.)

We also perform @ control experiment by repeating the entire procedure using a sin-
gle letter perturbation in the els search. Thus, we compute ci (W, W’) by calculating
CQ(W, W) just as QYA (W, W) is calculated but using the perturbed els’s (n,d, k)" at
positions n,n+d+ 1,7+ 2d,n+3d,...,n + (k — 1)d (rather than a true els at positions
n,n+d,n+2d,...,n+ (k~ 1)d) and then ranking Q'(W, W’) among Q, (W, W') and substi-

tuting ¢, (W, W’) for.c,(W, W’) in all computations to produce gj.
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5. A NEW EXPERIMENT

The procedures used to calculate g4 and g were repeated for a new list of word pairs,
list 3, and used to produce Q4(list3}' and gg(list3). No other statistic was computed for list
3. List 3 was formed by using the personali'ty names from list 1 and list 2 paired with the
names of the Jewish communities in which thé personality was born and in which he died
(as oppoéed to the dates of birth and ;ieath), List 3, and the procedure used to construct
this list can be found in the appendix which followé.

6. RESULTS AND CONCLUSIONS

The value obtained for g4 is 7 x 107%, supporting the results reported in Witztum et al.,
(part 3). The intraclaés correlation coefficient for the 163 pairs ¢(W, W’), cs (W, W') for list
2 is (.8, showing sign,iﬁcant correlation betweén results obtained by the two schemes. (The
probability, under the null hypothesis of O correlation, of attaining this high an intraclass
correlation coefficient on the given sample size can be estimated with Fisher’s z trgnsfor—
mation: z = 0.5(In(1 + 7) — In(1 — r)) ié appro'ximately normally distributed with mean
u=—05In(n/(n — 1‘)) and variance b’é = 1/(n — 1.5) where r is the intraclass correlation
coeflicient and n the-sample size (reference Fisher (1954)). In our case, with r = .7961366,
we obtain (z — p)/v/o? = 13.87 standard deviations which has a right tail probabilit); of
5.14 x 107*.) We H%g:ve also confirmed that the pairings of personalities and dates in list 1
and list 2 are indeeddobtaiﬁed from: the referenced encyclopedia: The value obtained for A
1s 0.435866, well within the range of expectation for a control experiment.

For list 3 we obtain g4(list3) = 5 x 107¢, supporting the hypothesis that the non random

fplacement of els’s in Genesis is not restriét‘ed to list 2 (or list 1). Finally, a statistically
insignificant result is obtained for the control exﬁeriment: o4 (list3) = .719'06V1.

We conclude tha't'these results provide corroboration and extension of the results reported
by Witztum, Rips,-and Rosenberg. Specifically, the proximity of els’s spellin,g‘fa,mous Jewish
personality names With eés’s spelling their;'cspective dates of birth and death and commu-
nities of birth and death in the Hebrew text of the book of Genesis is very likely not due to

chance.
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APPENDIX

We describe the determination of list 3, consisting of all names of personalities from list
1 and list 2 paired with the names of the Jewish communities in which they were born and

in which they died.
Introduction

The list of personality names is exactly the same as in list 1 and list 2 . The determi-
nation of their places of birth and death is dependent on knowing (a) the place of birth or
death, (b) The name of the place, and (c) how to write the name in Hebrew. We use the
same encyclopedia (Margalioth (ed.) (1961)) used for the dates of Lbirth and death (ME),
but to attain historical and linguistic rigor we compare the data in ME with the data in the

“Encyclopaedia Hebraica”(1981) (EH).
A. The places of birth and death

It is easier to kht:ow the places of death than the places of birth, since the personalities
are not yet famous at the time of bhirth. Cdmparing the data in ME and EH we find that:
(1) All the places of death given in EH are the same as in ME, (2) For 7 places of birth
the EH gives differeglt data than ME, %Lnd (8) The EH gives 3 places of birth not mentioned
in ME. In all cases we have giveh pre;;edence to the mﬁch more prestigious EH. Note t:oo,

that we have been able to verify that for one (number 54 in the list) of the 7 disagreeménts

~-petween ME and EH, the datum in-EH was the correct one. It should also be noted that in

all cases, the cities of birth given 1r EH are listed in ME as being relevant to the life of the

personality.
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B. The names of places

We have two cﬁegoﬁes: (1) The names of the places as given by the non Jewish
residents, and (?) the names given by the Jewish residents to their communities there,
which may differ from the names in (1). Our main interest is in the Jewish names of the
‘ communities, hence ;vge proce?d as foll%)ws, For each personality, if ME mentions a name of
type (1) which has no parallel of type (2); we use it. If the name is of type (2) or has a
parallel of type (2) then we use the name of type (2).
¢+ The names of ‘L)Lpe (2) are well defined in FH and appear there in two ways: (i) In

many entries of places, the EH explicitly gives their names in Jewish sources. (ii) Names of

places can appear in EH as Jewish family names (e.g., ©0M, i.e., Worms).
C. Hebrew spelling of names

We seek a uniform method of tré.nscription. Since the EH is more rigorous and con-
sistent than ME, we proceed as follows. (a) We start with the index of EH and take the
transcription of the name found tlhere. If there are more than one form, we take all of them.
(b) If the name is not found in the index, we look for it in the relevant entry in the EH. (c)
If 1t 1s not mentioned at all in the EH, we copy it from the ME.

The list of names thus obtained still lacks uniformity in some aspects: the use of the
“N” as a mater lectionis, ending names with “N” or “1”, and how to spell names mentioned
in the Torah. We follow the same rules specified in Witztum et al. (A.3). See also Witztum

(1989), pg. 72.

D. The names of the Jewish communities

~

The procedure glven in A, B, and C above gives us a set of names. To express the names
of the Jewish comrminities) we use exactly the three forms which are in common (Hebrew)
use: (a) The name i;tself (eg., OD‘TD‘;); (b) The name with,the prefix 2N (which is also
the construct form of the noun 5np ~“the community of”), (e.g., XM NP ). (c) The

name with the prefix 119N (which is the construct form of 9N - an equivalent form for
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“the community of”), (e.g., OBM FUNIP ).
E. The formation of list 3

List 3 consists of a list of personality names paired with the names of the Jewish

K

communities in Whiéh the personality was born and in which he died. We adhere strictly to
the iist of personalitizei’s as contained in list 1 and list 2 in Witztum et al., and to the scheme
described above for t:he names of communities. As in the experiment with these personaiity
names and their dates of birth and death, we use only those names consisting of no less
than 5 and no more it._{han 8 letters (see} Witztum et al. (A.3)). Table 1 contains a list of the

personalities and métching city names frora which list 3 is formed. Table 2 contains list 3.
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Personality (from list 1)

. The Ra’avad of Posquieres

. Rabbi Avraham, son of Rambam
. Rabbi Avraham Ibn Ezra

. Rabbi Eliyahu Bahur

Rabbi Eliyahu of Vilna

Rabbi Gershon Ashkenazi

Rabbi David Ganz

. The Taz ,

Rabbi Haim Ibn-Attar .
. 'Rabbi Yehuda, son of the Rosh - : -
. Rabbi Yehuda Ha-Hasid

. Maharal of Prague

13. Rabbi Yehonathan Eybeschuetz
. Rabbi Heshil of Cracow

. The Sema i

. The Bach

. Rabbi Yom-Tov Lipman Heller
. Rabbenu Yonah °

19. Rabbi Yosef Caro

. Rabbi Yehezke] Landa

. The Pnei-Yehoshua

. Rabbenu Tam

. The Rif

. The Besht _

. The Maharam of Rothenberg

. The Levush

. The Rerﬁa

. The Rambhal

. The Rambam

. Hacham-Zvi

. The Shach

. Rashi

. The Maharshal

. The Maharsha

D O o A - - T - - T N X T NC T NC R N T U SN NG S SO G S VU GO
B W R O WO 00N O O N W WO 00~ Ol G N = o -

TABLE 1

Cities

Narbonne, Posquieres

Fustat (old Cairo)

Tudela

Neustadt, Venice

Selets, Vilna

Metz

Lippstadt, Prague

Ludomir (Vladimir-Volynski), Lvov (Lwéw)

Salé, Jerusalem

,‘.vf_COlOnge (Koln), Toledo

“Speyer, Regensburg -
Poznan (Posen), Prague
Pinczdw, Altona
Lublin, Cracow (Krakéw)
Lublin, Lvov (Lwéw)

* .Lublin, Cracow (Krakéw)

Wallerstein, Cracow (Krakéw)
Gerona, Toledo
Safed
Opatow, Prague

~ Cracow (Krakéw), Offenbach
Qal’at Hammad, Lucena
Okop, Medzibezh
Worms, Ensisheim
Prague, Poznan (Posen)
Cracow (Krakéw)
-Padua, Kefar Yasif
Cérdoba, Fustat (old Cairo)
Lvov (Lwéw)
Holesov
Troyes
Lublin
Cracow (Krakéw), Ostrog



Personality (from list 2)

35.

36.
37.
38.
39.
40,
41.
42.
43.
44,
45.
46.
47.
48.
49,
50.
51.
52.
53.
54.
58.
56.
57.
58.
59.
60.
61.
32.
63.
64.
65.
66.

Rabbi Avraham Av-Beit-Din
of Narbonne -
Rabbi Avraham Yizhaki
Rabbi Avraham Ha-Malakh
Rabbi Avraham Saba
Rabbi Aaron of Karlin
Rabbi Eliezer Ashkenazi
Rabbi David Oppenheim
Rabbi David Ha-Nagid .
Rabbi David Nieto

Rabbi Haim Abulafia
Rabbi Haim Benbenest
Rabbi Haim Capusi

Rabbi Haim Shabetai
Rabbi Yair Haim Bacharach
Rabbi Yehudah Hasid
Rabbi Yehudah Ayash
Rabbi Yehosef Ha-Nagid
Rabbi Yehoshua of Cracow
The Maharit }

Rabbi Yosef Tecmim

Rabbi Yakov B'ei;av

Rabbi Israel Yaakov Hagiz
The Maharil

The Yaabez

Rabbi Yizhak Ha-Levi Horowitz
Rabbi Menahem Mendel Krockmal
Rabbi Moshe Zacuto

Rabbi Moshe Margalith
Rabbi Azariah Figo

Rabbi Immanuel. Hai Ricchi
Rabbi Shalom Sharabi
Rabbi Shelomo of Chelm

13

Cities

Narbonne

Jerusalem

Fastov

Karlin

Cracow (Krakdw)
Worms, Prague
Cairo

Venice, London
Hebron, Tiberias
Istanbul, Izmir
Cairo

Salonika

Leipnik, Worms
Dubno,Jerusalem
Médéa, Jerusalem
Granada

Vilna, Cracow (Krakdw)
Safed, Istanbul
Steritz (Szczerzec), Frankfurt
Maqueda, Safed

Fez, Istanbul

Mainz, Worms
Altona '
Glogau, Hamburg
Cracow ’(Krako'w)
Amsterdam, Mantua
Kedziniai, Brody
Venice, Rovigo
Ferrara, Reggio
San’a, Jerusalem

Zamosc, Salonika
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10.
11.

12,

13,
14,

15,
16.

17,
18.

19.

20,
21,

22,
23.

24,
25,

26.
217,
28.
29,
30.
31,
32,

33.
34.
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35.
36.
37.
38.
39,
40,

41.

42,
43.
44,
45,
46.
47.
48.
49,
50.
51,
52,
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55.
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65.
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Equidistant Letter Sequences in the

Book of Genesis

Doron Witztum, Eliyahu Rips and Yoav Rosenberg

Abstract. It has been noted that when the Book of Genesis is written
as two-dimensional arrays, equidistant letter sequences spelling words
with related meanings often appear in close proximity. Quantitative tools
for measuring this phenomenon are developed. Randomization analysis
shows that the effect is significant at the level of 0.00002.

Key words and phrases: Genesis, equidistant letter sequences; cylindri-
cal representations, statistical analysis.

1. INTRODUCTION

The phenomenon discussed in this paper was first
discovered several decades ago by Rabbi Weissman-
del [7]. He found some interesting patterns in the
Hebrew Pentateuch (the Five Books of Moses), con-
sisting of words or phrases expressed in the form of

equidistant letter sequences (ELS’s)—that is, by se-

lecting sequences of equally spaced letters in the text.

As impressive as these seemed, there was no rigor-
ous way of determining if these occurrences were not
merely due to the enormous quantity of combinations
of werds and expressions that can be constructed by
searching out arithmetic progressions in the text.
The purpose of the research reported here is to study
the phenomenon systematically. The goalis to clarify
whether the phenomenon in question is a real one,
that is, whether it can or cannot be explained purely
on the basis of fortuitous combinations.

The approach we have taken in this research can
be illustrated by the following example. Suppose we
have a text written in a foreign language that we do
not understand. We are asked whether the text is
meaningful (in that foreign language) or meaning-
less. Of course, it is very difficult to decide between
these possibilities, since we do not understand the
language. Suppose now that we are equipped with a
very partial dictienary, which enables us to recognise
a small portion of the words in the text: “hammer”
here and “chair” there, and maybe even “umbrella”

Eliyahu Rips is Associate Professor of Mathematics,
Hebrews University of Jerusalem, Givat Ram,
Jerusalem 91904, Israel. Doron Witztum and Yoav
Rosenberg did this research at Jerusalem College of
Technology, 21 Havaad Haleumi St., PO.B. 16031,
derusalem 91160, Israel.

elsewhere. Can we now decide between the two pos-
sibilities?

Not yet. But suppose now that, aided with the par-
tial dictionary, we can recognise in the text a pair
of conceptually related words, like “hammer” and
“anvil.” We check if there is a tendency of their ap-
pearances in the text to be in “close proximity” If
the text is meaningless, we do not expect to see such
a tendency, since there is no reason for it to occur.
Next, we widen our check; we may identify some
other pairs of conceptually related words: like “chair”
and “table,” or “rain” and “umbrella.” Thus we have
a sample of such pairs, and we check the tendency of
each pair to appear in close proximity in the text. If
the text is meaningless, there is no reason to expect

such a tendency. However, a strong tendency of such

pairs to appear in close proximity indicates that the
text might be meaningful. )

Note that even in an absolutely meaningful text
we do not expect that, deterministically, every such

pair will show such tendency. Note also, that we did

not decode the foreign language of the text yet: we do
not recognise its syntax and we cannot read the text.
This is our approach in the research described in
the paper. To test whether the ELS’s in a given text
may contain “hidden information,” we write the text
in the form of two-dimensional arrays, and define
the distance between ELS’s according to the ordi-
nary two-dimensional Euclidean metric. Then we
check whether ELS’s representing conceptually re-
lated words tend to appear in “close proximity.”
Suppose we are given a text, such. as Genesis
{G). Define an equidistant letter sequence .(ELS)
as a sequence of letters in the text whose positions,

not counting spaces, form an arithmetic progression;

that is, the letters are found at the positions

n,n+dn+2d,... ., n+(k—1d.
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We call d the skip, n the start and k the length of the
ELS. These three parameters uniquely identify the
ELS, which is denoted (, d, k). 5

Let us write the text as a two-dimensional array—
that is, on a single large page—with rows of equal
length, except perhaps for the last row. Usually,
then, an ELS appears as a set of points on a straight
line. The exceptional cases are those where the ELS
“crosses” one of the vertical edges of the array and
reappears on the opposite edge. To include these
cases in our framework, we may think of the two
vertical edges of the array as pasted together, with
the end of the first line pasted to the beginning of the
second, the end of the second to the beginning of the
third and so on. We thus get a cylinder on which the
text spirals down in one long line.

It has been noted that when Genesis is written in
this way, ELS’s spelling out words with related mean-
ings often appear in close proximity. In"Figure 1 we
see the example of ¢'ve (hammer) and o (anvil); in
Figure 2, 7p¢ (Zedekia) and o (Matanya), which
was the original name of King Zedekia (Kings II,
24:17). In Figure 3 we see yet another example of
moun (the Chanuka) and wnwn (Hasmonean), recall-
ing that the Hasmoneans were the priestly family
that led the revolt against the Syrians whose suc-
cessful conclusion the Chanuka feast celebrates.

Indeed, ELS’s for short words, like those for ¢uo
(hammer) and o (anvil), may be expected on gen-
eral probability grounds to appear close to each other
quite often, in any text. In Genesis, though, the phe-
nomenon persists when one confines attention to the
more “noteworthy” ELS’s, that is, those in which the
skip |d| is minimal over the whole text or over large
parts of it. Thus for ¢'ve (hammer), there is no ELS
with a smaller skip than that of Figure 1 in all of
Genesis; for 1o (anvil), there is nene in a section of
text comprising 71% of G; the other four words are
minimal over the whele text of G. On the face of it,
it is not clear whether or not this can be attributed
to chance. Here we develop a method for testing the
significance of the phenomenon according to accepted
statistical principles. After making certain choices
of words to compare and ways to measure proximity,
we perform a randomization test and obtain a very
small p-value, that is, we find the results highly sta-

tistically significant.
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2. OUTLINE OF THE PROCEDURE

In this section we describe the test in outline. In
the Appendix, sufficient details are provided to en-
able the reader to repeat the computations precisely,
and so to verify their correctness. The authors will
provide, upon request, at cost, diskettes containing
the program used and the texts G,I, R,T,U, V and
W (see Section 3).

We test the significance of the phenomenon on sam-
ples of pairs of related words (such as hammer—anvil
and Zedekia-Matanya). To do this we must do the
following:

(i) define the notion of “distance” between any
two words, so as to lend meaning to the idea of Words
in “close proximity”;

(ii) define statistics that expresshow close, “on the
whole,” the words making up the sample pairs are
to each other (some kind of average over the whole
sample); .
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(iii) choose a sample of pairs of related words on
which to run the test;

(iv) determine whether the statistics defined in (ii)
are “unusually small” for the chosen sample.

Task (i) has several components: First, we must
define the notion of “distance” between two given
ELS’s in a given array; for this we use a convenient
variant of the ordinary Euclidean distance. Second,
there are many ways of writing a text as a two-
dimensional array, depending on the row length; we
must select one or more of these arrays and some-
how amalgamate the results (of course, the selec-
tion and/or amalgamation must be carried out ac-
cording to clearly stated, systematic rules). Third,
a given word may occur many times as an ELS in a
text; here again, a selection and amalgamation pro-
cess is called for. Fourth, we must correct for fac-
tors such as word length and composition. All this
is done in detail in Sections A.1 and A.2 of the Ap-
pendix.

We stress that our definition of distance is not
unique. Although there are certain general princi-
ples (Jike minimizing the skip d) some of the details
can be carried out in other ways. We feel that vary-
ing these details is unlikely to affect the results sub-
stantially. Be that as it may, we chose one particular
definition, and have, throughout, used ornly it, that
is, the function c(w, w’) described in Section A.2 of
the Appendix had been defined before any sample
was chosen, and it underwent no changes. [Simi-
lar remarks apply to choices made in carrying out
task (ii).]

Next, we have task (ii), measuring the overall
proximity of pairs of words in the sample as a whole.
For this, we used two different statistics P, and Py,
which are defined and motivated in the Appendix
(Section A.5). Intuitively, each measures overall
proximity in a different way. In each case, a small
value of P; indicates that the words in the sample
pairs are, on the whole, close to each other. No other
statistics were ever calculated for the first, second or
indeed any sample.

In task (iii), identifying an appropriate sample of
word pairs, we strove for uniformity and objectivity
with regard to the choice of the pairs and to the rela-
tion between their elements. Accordingly, our sample

was built from a list of personalities (p) and the dates -
(Hebrew day and month) (p’) of their death or birth. °

The personalities were taken from the Encyclopedia
of Great Men in Israel [5]. »

At first, the criterion for inclusion of a per-
sonality in the sample was simply that his entry
contain at least three columns of text and that a
date of birth or death be specified. This yielded
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34 personalities (the first list—Table 1). In or-
der to avoid any conceivable appearance of hav-
ing fitted the tests. to the data, it was later de-
cided to use a fresh sample, without changing any-
thing else. This was done by considering all per-
sonalities whose entries contain betweenr 1.5 and 3
columns of text in the Encyclopedia; it yielded 32
personalities (the second list—Table 2). The sig-
nificance test was carried out on the second sam-
ple only.

Note that personality—date pairs (p, p’) are not
word pairs. The personalities each have several ap-
pellations, there are variations in spelling and there
are different ways of designating dates. Thus each
personality—date pair (p, p’) corresponds to several
word pairs (w, w’). The precise method used to gener-
ate a sample of word pairs from a list of personalities
is explained in the Appendix (Section A.3).

The measures of proximity of word pairs (w, w’)
result in statistics P; and P;. As explained in the
Appendix (Section A.5), we also used a variant of this
method, which generates a smaller sample of word
pairs from the same list of personalities. We denote
the statistics P; and Pp, when applied to this smaller
sample, by P3 and P;.

Finally, we come to task (iv), the significance test
itself. It is so simple and straightforward that we
describe it in full immediately.

The second list consists of 32 personalities. For
each of the 32! permutations 7 of these personalities,
we define the statistic P obtained by permuting the
personalities in accordance with x, so that Person-
ality i is matched with the dates of Personality = (i).
The 32! numbers P are ordered, with possible ties,
according to the usual order of the real numbers. If
the phenomenon under study were due to chance, it
would be just as likely that P; occupies any one of

- the 32! places in this order as any other. Similarly

for Py, P3 and P4. This is our null hypothesis.

To calculate significance levels, we chose 999,999
random permutations 7 of the 32 personalities; the
precise way in which this was done is explained in the
Appendix (Section A.6). Each of these permutations
m determines a statistic PJ; together with P;, we
have thus 1,000,000 numbers. Define the rank order
of P; among these 1,000,000 numbers as the number
of P not exceeding Py; if Py is tied with other P,
half of these others are considered to “exceed” Pi.
Let p; be the rank order of Py, divided by 1,000,000;
under the null hypothesis, p; is the probability that
P; would rank as low as it does. Define po, pg and ps
similarly (using the same 999,999 permutations in
each case). ,

After calculating the probabilities p; through p4,
we must make an overall decision to accept or reject
the research hypothesis. In doing this, we should
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TaBLE 1

The first list of personalities

D. WITZTUM, E. RIPS AND Y. ROSENBERG

Personality

Name

Date

1 The Ra’avad
of Posquieres

2. Rabbi Avraham,

son of the Rambam

3. Rabbi Avraham
° Ibn-Ezra

"4 Rabbi Eliyahu
Bahur

5. Rabbi Eliyahu
of Vilna

6. Rabbi Gershon
Ashkenazi

7. Rabbi David
anz

8. The Taz
9. Rabbi Haim
Ibn-Attar

10. Rabbi Yehudah,
son of the Rosh

11. Rabbi Yehudah
He-Hasid

12. Maharal
of Prague

13. Rabbi Yehonathan
Eybeschuetsz

14. Rabbi Heshil
of Cracow

15. The Sema
18. The Bach

17. Rabbi Yom-Tov
Lipman Heller

18. Rabbenu Yonah

19. Rabbi Yosef”

. Caro - - - -

20. Rabbi Yeherkel
Landa.

21. The Pnei-
Yehoshua

22. Rabbenu Tam
23. The Rif
24. The Besht

25, The Maharam
- of Rothenburg

28. The Levush

27. The Rema
28. The Ramhal
_29. The Rambam

30. Hacham-Zvi
31. The Shach

32. Rashi
330 The Maharshal

34. The Maharsha
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avoid selecting favorable evidence only. For example,
suppose that pg = 0.01, the other p; being higher.
There is then a temptation to consider ps only, and
so to reject the null hypothesis at the level of 0.01.
But this would be a mistake; with enough sufficiently
diverse statistics, it is quite likely that just by chance,
some one of them will be low. The correct question is,
“Under the null hypothesis, what is the probability
that at least one of the four p; would be less than or
equal to 0.01?” Thus denoting the event “p; < 0.01”
by E;, we must find the probability not of Es, but

of “E; or Eg or E3 or E4.” If the E; were mutually
exclusive, this probability would be 0.04; overlaps
only decrease the total probability, so that it is in any
case less than or equal to 0.04. Thus we can reject
the null hypothesis at the level of 0,04, but not 0.01.
More generally, for any given §, the probability
that at least one of the four numbers p; is less than
or equal to § is at most 45. This is known as the
Bonferroni inequality. Thus the overall significance
level (or p-value), using all four statistics, is py =
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TABLE 2
The second list of personalities
Personality ." .Name Date
71. Rabbi Avra; AN ,DNAN 117 NwNa > Nen 2 hen D

ham
Av-Beit-Din of Narbonne

2. i h
R e

. Rabbj Avraham °
Ha-Malakh

Rabbi Avraham Saba
Rabbi Aaron of Karlin

. Rabbi Eliezer Ashkenazi
Rabbi David Oppenheim
Rabbi David Ha-Nagid

. Rabbi David Nieto

10. Rabbi Haim Abulafia’
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20. Rabbi Yose! Teomim

21. Rabbi Yakov -
Beirav

22. Rabbi Israel Yaakov Hagiz
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24. The Yaabes
25. Rabbi Yizhak
a-Levi Horowitz

- 28. Rabbi Menah
Mendel }%md:gal

27. Rabbi Moshe
Zacuto

28. Rabbi Moshe Margalith
29. Rabbi Azariah Figo
30. Rabbi Immanuel Hai Ricchi

31. Rabbi Shalom
Sharabi

32. Rabbi Shelomo of Cheim
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3. RESULTS AND CONCLUSIONS
-

In Table 3, we list the rank order of each of the
four P; among the 1,000,000 corresponding P”. Thus
the entry 4 for P4 means that for precisely 3 out of
the 999,999 random permutations =, the statistic P}
was smaller than P4 (none was equal). It follows that
min p; = 0.000004, so pp = 4 minp; = 0.000016.
The same calculations, using the same 999,999 ran-
dom permutations, were performed for control texts.
Our first control text, R, was obtained by permut-
ing the letters of G randomly (for details, see Sec-
tion A.6 of the Appendix). After an earlier version
of this paper-was distributed, one of the readers,
a prominent. scientist, suggested to use as a con-
trol text Tolstoy’s War and Peace. So we used text
T consisting of the initial segment of the Hebrew
translation of Tolstoy’s War and Peace [6]—of the
same length as G. Then we were asked by a ref-

eree to perform a control experiment on some early
‘Hebrew text. He also suggested to use random-
ization on words in two forms: on the whole text
and within each verse. In accordance, we checked
texts 7, U and W: text I is the Book of Isaiah [2];
W was obtained by permuting the words of G ran-
domly; U was obtained from G by permuting ran-
domly words within each verse. In addition, we
produced also text ¥V by permuting‘the verses of -G
randomly. (For details, see Section A.6 of the Ap-

pendix.) Table 3 gives the results of these calcula-

tions, too. In the case of I, min p; is approximately
0.900; in the case of R it is 0.365; in the:case of T it
is 0.277; in the case of U it is 0.276; in the case of
V it is 0.212; and in the case of W it is 0.516. So
in five cases pp = 4 minp; exceeds 1, and in the
remaining case po = 0.847; that is, the result is
totally nonsignificant, as one would expect for con-
trol texts.
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TABLE 3
Rank order of P; among one million PF

Py Py P3 Py
G 453 5 570 4
R 619,140 681,451 364,859 573,861
T 748,183 363,481 580,307 277,103
I 899,830 932,868 929,840 946,261
w 883,770 516,098 900,642 630,269
U 321,071 275,741 488,949 491,116
|4 211,777 519,115 410,746 591,503

We conclude that the proximity of ELS’s with re-
lated meanings in the Book of Genesis is not due
to chance.

APPENDIX: DETAILS OF THE PROCEDURE

In this Appendix we describe the procedure in suf-
ficient detail to enable the reader to repeat the com-
putations precisely. Some motivation for the various
definitions is also provided.

In Section A.1, a “raw” measure of distance be-
tween words is defined. Section A.2 explains how we
normalize this raw measure to correct for factors like
the length of a word and its composition (the relative
frequency of the letters occurring in it). Section A.3
provides the list of personalities p with their dates p’
and explains how the sample of word pairs (w, w’) is
constructed from this list. Section A.4 identifies the
precise text of Genesis that we used. In Section A.5,

- we define and motivate the four summary statistics

Py, P, P; and P,. Finally, Section A.6 provides the
details of the randomization.

Sections A.1 and A.3 are relatively technical; to
gain an understanding of the process, it is perhaps
best to read the other parts first.

A.1 The Distance between Words

To define the “distance” between words, we must
first define the distance between ELS’s representing
those words; before we can do that, we must define
the distance between ELS’s in a given array; and
before we can do that, we must define the dlstance
between individual letters in the array.

As indicated in Section 1, we think of an array as
one long line that spirals down on a cylinder; its row
length h is the number of vertical columns. To define
the distance between two letters x and x’, cut the
cylinder along a vertical line between two columns.
In the resulting plane each of x and x’ has two integer
coordinates, and we compute the distance between
them as usual, using these coordinates. In general,
there are two possible values for this distance, de-
pending on the vertical line that was chosen for cut-

ting the cylinder; if the two values are different, we

use the smaller one.
Next, we define the distance between fixed ELS’s
e and ¢ in a fixed cylindrical array. Set

f := the distance between consecutive letters of e,
f’ := the distance between consecutive letters of ¢/,
£ := the minimal distance between a letter of e and

one of ¢,
and define 8(e, &) := f2+ f'>+£2. We call §(e, ¢') the
distance between the ELS’s ¢ and ¢’ in the given ar-
ray; it is small if both fit into a relatively compact
area For example, in Figure 3 we have f = 1,
=+/5,¢=+/34 and § = 40.

Now there are many ways of writing Genesis as
a cylindrical array, depending on the row length A.
Denote by &8(e, ¢') the distance 8(e, ¢’) in the array
determined by %, and set i, (e, ) := 1/8,(e, €); the
larger ux(e, €') is, the more compact is the configu-
ration consisting of ¢ and ¢ in the array with row
length h. Set e = (n,d, k) (recall that d is the skip)
and ¢ = (', d’, k'). Of particular interest are the row
lengths & = k3, hg, ..., where #; is the integer nearest
to |d|/i (-21- is rounded up). Thus when 2 = h; = |d|,
then e appears as a column of adjacent letters (as
in Figure 1); and when 2 = hg, then e appears ei-
ther as a column that skips alternate rows (as in
Figure 2) or as a straight line of knight’s moves (as
in Figure 3). In general, the arrays in which e ap-

pears relatively compactly are those with row length

h; with i “not too large.”

Define k] analogously to ;. The above discussion
indicates that if there is an array in which the con-
figuration (e, ¢’) is unusually compact, it is likely to
be among those whose row length is one of the first

.10 h; or one of the first 10 #]. (Here and in the sequel

10 is an arbitrarily selected “moderate” number.) So
setting

10 10
ole, €)= unle, )+ Y pyle ),
i=1 i=1

we conclude that o (e, ¢’) is a reasonable measure
of the maximal “compactness” of the configuration
(e, €') in any array. Equivalently, itis an inverse mea-
sure of the minimum distance between e and ¢'.
Next, given a word w, we look for the most “note-

worthy” occurrence or occurrences of w as an ELS in

G. For this, we chose those ELS’s e = (n, d, k) with
|d] > 2 that spell out w for which |d| is minimal over
all of G, or at least over large portions of it. Specif-
ically, define the domain of minimality of e as the
maximal segment 7, of G that includes ¢ and does
not include any other ELS ¢ = (n, d,%) for w with-

-

-
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Id] < |d|. If ¢ is an ELS for another word v/, then
T.NT,.is called the domain of simultaneous minimal-
ity of e and ¢’; the length of this domain, relative to
the whole of G, is the “weight” we assign to the pair
(e, €). Thus we define w(e, €') := A(e, €')/A(G), where
A(e, ') is the length of 7, N T, and A(G) is the length
of G. For any two words w and w’, we set

Qw, w) =Y wle, )ole,e),

where’the sum is over all ELS’s ¢ and ¢’ spelling out
w and w’, respectively. Very roughly, Q(w, w’) mea-
sures the maximum closeness of the more notewor-
thy appearances of w and w’ as EL.S’s in Genesis—the
closer they are, the larger is Q (w, w’). oo
When actually computing Q(w, w’), the sizes of
the lists of ELS’s for w and w’ may be impractically
large (especially for short words). It is clear from the
definition of the domain of minimality that ELS’s for
w and w’ with relatively large skips will contribute
very little to the value of Q(w, w") due to their small
weight. Hence, in order to cut the amount of compu-
tation we restrict beforehand the range of the skip
|d| < D(w) for w so that the expected number of
ELS’s for w will be 10. This expected number equals
the product of the relative frequencies (within Gen-
esis) of the letters constituting w multiplied by the
total number of all equidistant letter sequences with
2 < |d| < D. [The latter is given by the formula
(D-1)(2L—(k—1)(D+2)), where L is the length of the
text and k is the number of letters in w.] The same
restriction applies also to w’ with a corresponding
bound D(w’). Abusing our notation somewhat, we
continue to denote this modified function by Q(w, w).

A.2 The Corrected Distance

In the previous section we defined a measure
Q(w, w’) of proximity between two words w and w'—
an inverse measure of the distance between them.
We are, however, interested less in the absolute dis-
tance between two words than in whether this dis-
tanceislarger or smaller than “expected.” In this sec-
tion, we define a “relative distance” ¢(w, w’), which is
small when w is unusually close” to w’, and is 1, or
almost 1, when w'is “unusually far” from w'.

The idea is to use perturbations of the arithmetic
progressions that define the notion of an ELS. Specif-
ically, start by fixing a triple (x, y, z) of integers in
the range {—2, —1, 0, 1, 2}; there are 125 such triples.
Next, rather than looking for ordinary ELS’s (n, d, k),
look for “(x, y, z)-perturbed ELS’s” (n, d, k)= 2, ob-
tained by taking the positions

nn+d,....,n+k—-—4d,n+ k—3)d +x,
n+k—2d+x+y,n+k—-—1)d+x+y+z

instead of the positionsn, n+d, n+2d, ..., n+(k—1)d.
Note that in a word of length k, k — 2 intervals could
be perturbed. However, we preferred to perturb only

. the three last ones, for technical programming rea-

sons.

The distance between two (x,y,z)-perturbed
ELS’s (n,d, k)®¥»9 and (v, d’, k)* 79D is defined as
the distance between the ordinary (unperturbed)
ELS’s (n,d, k) and (', d’, k).

We may now calculate the “(x, y, z)-proximity” of -
two words w and w’ in a manner exactly analogous
to that used for calculating the “ordinary” proximity
Q(w, w’). This yields 125 numbers Q&9 (w, w"), of
which Qw, w") = Q©%0(y, w) is one. We are in-
terested in only some of these 125 numbers; namely,
those corresponding to triples (x, y, z) for which there
actually exist some (x, y, z)-perturbed ELS’s in Gen-
esis for w, and some for w’ [the other Q& -2 (w, w")
vanish]. Denote by M(w,w’) the set of all such
triples, and by m(w, w’) the number of its elements.

Suppose (0,0,0) is in M(w, w’), that is, both w
and w’ actually appear as ordinary ELS’s (i.e., with
x =y = z = 0) in the text. ‘Denote by v(w w’)
the number of triples (x, y, z) in M (w, w’) for which
QE YD (w, w') > Q(w, w). If m(w, w’) > 10 (again, 10

is an arbitrarily selected “moderate” number),

c(w, w') == v(w, w)/mw, w).

If (0,0, 0) is not in M(w, w"), or if m(w, w) < 10 (in
which case we consider the accuracy of the method
as insufficient), we do not define c(w, w'). _

In words, the corrected distance c(w, w’) is sim-
ply the rank order of the proximity Q(w, w’) among
all the “perturbed proximities” Q* 2 (w, w’); we nor-
malize it so that the maximum distance is 1. A large
corrected distance means that ELS’s representing w
are far away from those representing w’, on a scale
determined by how far the perturbed ELS’s for w are
from those for w'.

A.3 The Sample of Word Pairs

The reader is referred to Section 2, task (iii), for
a general description of the two samples. As men-
tioned there, the significance test was carried out
only for the second list, set forth in Table 2. Note
that the personalities each may have several appel-
lations (names), and there are different ways of des-
ignating dates. The sample of word pairs (w, w’) was
constructed by taking each name of each personality
and pairing it with each designation of that person-
ality’s date. Thus when the dates are permuted, the
total number of word pairs in the sample may (and
usually will) vary.

We have used the following rules with regard to

Hebrew spelling:
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1. For words in Hebrew, we always chose what is
called the grammatical orthography—"ktiv dik-
duki” See the entry “ktiv” in Even—Shoshans
dictionary [1].

2. Names and des1gnations taken from the Penta-
teuch are spelled as in the original. -

3. Yiddish is written using Hebrew letters; thus
there was no need to transliterate Yiddish
names. _

4. In transliterating foreign names into Hebrew,
the letter “8” is often used as a mater lectionis;
for example, “Luzzatto” may be written “wmx%” or
“mrx15.” In such cases we used both forms.

In designating dates, we used three fixed varia-
tions of the format of the Hebrew date. For example,
for the 19th of Tishri, we used wn 15, "wn 2 and
~winws’. The 15th and 16th of any Hebrew month can
be denoted as > or i and i or i, respectively. We
used both alternatives.

The list of appellations for each personality was
provided by Professor S. Z. Havlin, of the Depart-
ment of Bibliography and Librarianship at Bar Ilan
University, on the basis of a computer search of the
“Responsa” database at that university.

Our method of rank ordering of ELS’s based on
(x, y, z)-perturbations requires that words have at
léast five letters to apply the perturbations. In addi-
tion, we found that for words with more than eight
letters, the number of (x, y, z)-perturbed ELS’s which
actually exist for such words was too small to satisfy
our criteria for applying the corrected distance. Thus
the words in our list are restricted in length to the
range 5-8. The resulting sample consists of 298 word
pairs (see Table 2).

A.4 The Text

We used the standard, generally accepted text of

Genesis known as the Textus Receptus. One widely
available edition is that of the Koren Publishing
Company in Jerusalem. The Koren text is precisely
the same as that used by us.

A.5 The Overall Proximity Measures Py, P,, P; and
Py

Let N be the number of word pairs (w, w’) in the

sample for which the corrected distance c(w, w') is

defined (see Sections A.2 and A.3). Let k be the num-

ber of such word pairs (w, w’) for which c(w, w') < $.

Define
WOl

j=k

To understand this definition, note that if the

c(w, w’) were independent random variables that are

uniformly distributed over [0, 1], then P; would be the .
probability that at least k out of N of them are less -
than or equal to 0.2. However, we do not make or use
any such assumptions about uniformity and inde-
pendence. Thus P;, though calibrated in probability
terms, is simply an ordinal index that measures the
number of word pairs in a given sample whose words
are “pretty close” to each other [i.e., c(w, w) < i1,
taking into account the size of the whole sample. It
enables us to compare the overall proximity of the
word -pairs in different samples; specifically, in the
samples arising from the different permutations of
the 32 personalities.

The statistic P; ignores all distances c(w w’)
greater than 0.2, and gives equal weight to all dis-
tances less than 0.2. For a measure that is sensitive
to the actual size of the distances, we calculate the
product TTc(w, w') over all word pairs (w, w’) in the
sample. We then define

Py = FN(Hc(w,w')),

with N as above, and

F¥X) :=

(—InX)? +(—1nX)N‘1)
2! Iy VA Y

X(l—lnX+

To understand this definition, note first that if

X1, X2, ..., xy are independent random variables that

- are uniformly distributed over [0, 1], then the dis-

tribution of their product X := x3x9 - - xy is given by-
Prob(X < Xg) = F¥(X,); this follows from (3.5) in [3],

since the —Inx; are distributed exponentially, and

—In X = ¥;(~Inx;). The intuition for P, is then anal--
ogous to that for P;: If the c(w, w') were independent

random variables that are uniformly distributed over

[0, 1], then P, would be the probability that the prod-

uct ITc(w, w’) is as small as it is, or smaller. But

as before, we do not use any such uniformity or in-

dependence assumptions. Like P;, the statistic P,

is calibrated in probability terms; but rather than

thinking of it as a probability, one should think of it

simply as an ordinal index that enables us to com-

pare the proximity of the words in word pairs arising

from different permutations of the personalities.

We also used two other statistics, P3 and Pj.
They are defined like P; and Ps, except that for each
personality,. all appellations starting with the title
“Rabbi” are omitted. The reason for considering P;
and Py is that appellations starting with “Rabbi” of-
ten use only the given names of the personality in
question. Certain given names are popular and of-
ten used (like “John” in English or “Avraham” in
Hebrew); thus several different personalities were
called Rabbi Avraham. If the phenomenon we are
investigating is real, then allowing such appellations
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might have led to misleadingly low values for c(w, w’)
when 7 matches one “Rabbi Avraham?” to the dates of
another “Rabbi Avraham.” This might have resulted
in misleadingly low values P and P} for the per-
muted samples, so in misleadingly low significance
levels for P; and P, and so, conceivably, to an unjus-
tified rejection of the research hypothesis. Note that
- this effect is “one-way”; it could not have led to unjus-
tified acceptance of the research hypothesis, since un-
der the null hypothesis the number of P exceeding
P; is in any case uniformly distributed. In fact, omit-
ting appellations starting with “Rabbi” did not affect

The first sample

N
1

e
TRIWS
1
I
7

N

o
i=

R T T 1
0.2 04 0’6 08 y
. The second sample
17
g0
!
b [
l
, 1z
1
7 —d
-
7
4
2 .
G g L
b 0.2 0.4 06 0's ]
»
R 1 T 1
0 2 0.4 o's o's i

- the results substantially (see Table 3); but we could

not know this before performing the calculations.

An intuitive feel for the corrected distances (in
the original, unpermuted samples) may be gained.
from Figure 4. Note that in both the first and sec-
ond samples, the distribution for R looks quite ran-
dom, whereas for G it is heavily concentrated near-
0. It is this concentration that we quantify with the
statistics P;. '

A.6 The Randomizations

The 999,999 random permutations of the 32 per-
sonalities were chosen in accordance with Algorithm
P of Knuth [4], page 125. The pseudorandom gener-
ator required as input to this algorithm was that pro-
vided by Turbo-Pascal 5.0 of Borland Inter Inc. This,

in'turn, requires a seed consisting of 32 binary bits;

that is, an integer with 32 digits when written to the
base 2. To generate this seed, each of three promi-
nent scientists was asked to provide such an integer,
just before the calculation was carried out. The first
of the three tossed a coin 32 times; the other two used
the parities of the digits in widely separated blocks
in the decimal expansion of 7. The three resulting
integers were added modulo 232. The resulting seed
was 01001 10000 1001111100 0010100111 11.

The control text R was constructed by permut-
ing the 78,064 letters of G with a single random per-
mutation, generated as in the previous paragraph.
In this case, the seed was picked arbitrarily to be
the decimal integer 10 (i.e., the binary integer 1010).
The control text W was constructed by permuting
the words of G in exactly the same way and with the
same seed, while leaving the letters within each word
unpermuted. The control text V was constructed by
permuting the verses of G in the same way and with
the same seed, while leaving the letters within each
verse unpermuted.

The control text U was constructed by permuting
the words within each verse of G in the same way
and with the same seed, while leaving unpermuted
the letters within each word, as well as the verses.
More precisely, the Algorithm P of Knuth [4] that we .
used requires n — 1 random numbers to produce a
random permutation of » items. The pseudorandom
generator of Borland that we used produces, for each
seed, a long string of random numbers. Using the bi-~
nary seed 1010, we produced such a long'string, The
first six numbers in this string were used to produce
a random permutation of the seven words constitut-
ing the first verse.of Genesis. The next 13 numbers -
(i.e., the 7th through the 19th random numbersin the.
string produced by Borland) were used to produce a
random permutation of the 14 words constituting the
second verse of Genesis, and so on.
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10" April, 2002 Appendix 3

A. In the case of the fresh test, there was only one expert. Herewith is the
original Hebrew text of the letter to this expert.

13/08/98

MY IMTID JIPI TUN ,UNINN 1902 /INDI 191 DOPY ANNDN NXIAP NIV NININRND DNIYA
ADN NNIWA T NIYON NP XD ONX P2 119 1277 DX P2 APTIN MIDITI ¥IND IxIp
DRSYH VN PP DX O ,NIINI TPYTHN APYTID YIHWY MA»NN 10T 1 DY N8N
TIYON ,27 NP AONRN AYONN PON PITAS NNLHY) NMIAYN NVITIDNNI NIWNON 71T
NN MIPINDN DPIOH DRV MMNYPN ,MINN0N DD DIWIND ONY N7 1IN
NAVYP INWNYNY DINY DIRNIN MNP DINYD ,WmIND 21902 NPMN MDITI ,MHNon
NPVDLLD MYV TN RYNT AN NIPINA ANIAPN 0P NIMIPHNI DN MINID)
NN Y MYLN NPYTA TNXOY 20 .OYHINN NP NPITAD (JOI97 DIPHN XD PRY)
N2 DRY 050 o102 9900 K12D NAMN 1 NmYAY 1IN ,D0WaNND 1NINY D DY vl
TANI MNP NPAD NMIYIL DOFMIN DY MW TN MO NMPNY MDY AP Tan MNNIN P
NYPIa PON DM DN (0P M OX) INOIN 19INT OMONIND NNIAPH MYOHY DONWIA
a7y (DY MONN-K INY PPTN DIN NPYaN 752) D0 DY 1D NidYH 125772 05 ¥ ond
NN 2NN ONYN TNYP JAPNNY NOIYANY NTHD DNIVRY NVNY DOVNAND 0IHHIN

: : CLIND

PNY) DR DOV 1Y NNPIIY ,DM2IYN DT DWON 66 DY NINIWI NANNND AP0 Nyd
YTID AN NND TNIY VT MTNND MIADPNINAN (NPA0N7) NVIAD DIPHN IND
MM DY NI 1DON DORNN THNR T2 NAY POND 99N OX 2 TN D7 RPN
DIPY Y TNPH WIT NOY TIN , DOYRN PMTHIN MWN Dya on Tmany 1w (localities)
NIXR YNNI 00 WHSY) DR DOYIT IOND MMIPHT N2 TN INPLS DIPM INTY
PYIN DY N2 OTOPN TOPN NN (MNHN DIPNY ITYN OIPHN DN JNIYID ¥9na Py
NG DY MNY TN 3NADIVI-VIDI TINND) NIDIPHN MNY DY NNDI 11N DY PNVONN
N2D PP NN D772 LTI NIWNN INY DIRNN NYNIN DYN N2 MDY ¥ 195, 09pPnN
NPN DY (108Y YWOND BONYNN DN MNPH DIYNNYNNYNRNYN DN MNY/DWn NN
JNXY UOND DDNAMYANT DI NYNIPR DIVDNUNNYANYA 13 RPND GWaNn 935 1p
NN 205 ,NTNN NN D20 DXDY DINPN IN MNY 1901 DY DIDH DIPHI 1N
MNTNHON Y DTN DNYIY DIPN D39 (DPNY IN 1Y P) ISP 1200 I8 NIN .09
NG P¥ NN (GYUNS INTY DIPN X D9 DTN DY 1avn DIPH) DYON DIPnY Ivpa

LDMNYNT MNPHA RPN TWARD NN .WNana
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DWAPINN ,MNIPH DY MNYS YIONYNN NS DY 7ANP DY POND TYPa) ,qona
IN MLAY DIST) NHON) XD APIIN DY 0P 1900 INA 7P0 DY NODIN Y MNYnn

MNDNT 90N THN P9 MDIPH SV YUPNA MRHONT INDN DY DX JTIVT Y
: DMNR DMYPN2

,AND V03 AN M0 AN D L INAD DTN ORONND YN (SWnY) AN 1 PANNN ON .1

DOIN VI YUY 105N IMNISN D52 .1t AR DY 170 [, ANA 10 DY AN 0 0P
Lo NN WIDUn 1Pona

JYDUN NI AMIYRN L YOVR ININ AN ONOYIND IVOR (5758) 7PNoRN Mvn ON .2

DOIN YWY N 05N SN 503 0TTOY DMV MIVA [IVRN MY NOYN NN
oM NN IV Jpona

TINININ PRI PN D700 DIPHN DYI NPMIX 1-5 MDA MONMNN NI P73 NI NN
IINIY MMONMDHRTIN ANEN POM NN 0NN DLINT MDIPHN DY IWPNL 3N vIinwa
1902 TING PN NIN ,DOVOINNN 70N 1230 P MOpN

DDYNN DOND MDIPR” NDNIN IR UKD MY DTV 75 NN yNad *[wma Y ivial)
oY MNP APTINN MPNPN A7 PY IPY 9 PP XY DMPHRN 202 RPN MnpY
DYR MY N2ONPN DY DMIPN DY 0P 190102 .(MMINN P INR) IMISH J1 J02 01D DY

MM NOOYI DY DK NIPY NN NP 1910 1D 1D YNNI WR DIPN PN NIN PYN
Moniann

TWON OMNNY AN FPIY MW 1PIPY NN ,NINAN MINY DN JINYD TNNI2 U TR
12112 5510, TNYA 1A NANIND I3 DY NXON PIMY PHYN OX T0 TN, TAYL MMSPIOIMN
NWO NODY TANYA ATIAYN NN YNAY YD) OV MIDNTON VAN KoY Mp Dy LMt anon
NNY/MNY 95 DY LIV VY MY TYPAN ,TPYONT NPN XIN T W OX NOX NINDN

_OP N 1290 N PNWND IND DX PR NN YR OX PR, NINY DN 90 N0DPY

NIV TUPI) TO%97) MPTID I0WN DN JPOY NNTO TNSNMIY WKRD MINY NYApHN 0wy
PYTR YIN IDRD OYI-IN TN ATNI H<NTIAYN DPO INKD TY RYNA TPy NN DU19Y
DPO 299 D AR NIXRIM TN IN (DOWIN 66 DNIND DMNYPN MNIPH MINY) M XY

DOMEN N ATIZY 12T OYINDI .NTIAYN NMOYYN TANY NN 510N DN T2 170, ThT2ay

D3N NN . NY NYY DIDON ON TV TN YPOX 7PAN NN 71712V N2 MDYN DN DN
591N ND DN .Y 5,000 DY DYWNA NPODS JMINAD Y9I 137 NIV N9D NNYPaaY
(312309719 Y1) NYNRIN BINND T2 DY ¥TIN NIN NAYPIT N0

TN
YPNIAID DION 19Y19 ML NA HoN 199

NN DNAY DANIBA MNY 8 1N0ND IPNRN MIXNIN DIV DY e
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B. The replicative test used three sets of data:

i. A list of cities relevant to the 66 personalities involved in the test. Specifically, for
each personality, the city of birth and the city of death, when these were known.
Attached is the original Hebrew text of the letter to the expert chosen to supply this

list.

ii. The names by which the cities in (i), or the Jewish communities in those cities,
were known at the time that the Jewish communities in these cities were extant. The
expert chosen to supply these names was supplied with the cities appearing in the
output of (i), but not with the correspondmg personalities. This expert was orally
instructed by Prof. Furstenberg in accordance with the principles set forth in the

attached Hebrew document.

111. The spellings of the names generated in (ii), as appearing in the sources. In this
case three different experts were consulted (for different localities), and they were
orally instructed by Prof. Furstenberg to provide the dominant spellings in the relevant
sources. The precise guidelines that had been originally agreed-upon were however
not followed in Prof Furstenberg’s instructions, as he felt that they were not
implementable. After the experts had provided the spellings, but before these
spellings became known to anybody other than Prof. Furstenberg, it was decided to
modify the spellings to hew more closely to the original guidelines. This was done in
~ accordance with the attached precise algorithm, agreed upon in two meetings between
Aumann, Furstenberg, Lapides and Rips that took place on November 8 and 26, 2001.
The algorithm is described in Hebrew.

3-3



Appendix 3 B, (i)

7IN2 PITAT IPIIYN NOVIDIVNINT TV 27 NPINY NTY DRXPHD NN DIDINND NN
DYDNYNR NORN DIRIRNN .NXIPNHI 7DINYD DNYPN DIRINHBNN PIN TINNP YD
TANYS TON DN DNIN NINNNN NPV DIWINN TN 01T DY DIPN MTHND

THNIPN YDY TAYT INN AN DIYPIN BN T DY ,TMIZN-IN5) IPDOVPIIN NPYTA N2
TIDMYAL DR TN D3 DY 0PV DI

NN PIXNY ,NPHN NN DT TIYTD AUN AINIPN DN P71 DIWINY DVUPan NN
P MIPR 592 09555 NN NNY TYDY NTAY D7198Y DYYION ANY YRD MMPHN

7129 INTVY TID DIYNN VAN .10 INYY I0IN DN MY YOI N XN DX TRD T2 71TD
SPSHRND NNRN NVYY 5,000 DY A0 NS NNY D0 PN, NAYPIL NOND

1N NPT THIDW NN 193N XYY DOWUPIAN DAIN .NPTID NPRY TIN TWOAY 1IN 1T AprTa
93T PON WP WTYYAN YN DX 1Y WTINYY D201 DMK OY NN Xov [ 0MINND

IPNNN MNSIN DIV DY .ATIAYN NAPYD INNA TWHN D2 DY NNYo D3 NN N AMay
‘ MSYONN BNV ONNINN MDY 0) INTND

02-5617641 (yP2) : NWNIN DINND DTPN2 T2 DY ¥TIN NN, PAYPID NIYNY D010 XJ OX
YOI YONDT DY UNAD TO N LITIN .02-6584142 (TAwn)

,17 iAo

YPNID UOIN X12VUN HoN



Appendix 3 B, (i1)

77N PITAD N DY AN NVIDIDNNA NINPINY NI DNSYH NVH DININNT PN
P2 DXONMNN NIOND OININNT .NIPNA D291 DNYPN DINSHNTN YN TN TOYTDH
TOX DONO VX NPTIN? MNP IDYPNN BN NONXKDN NNV DWHINT MMIPHRY 10N

207 YT NN IN DOVPIN BN TI DY) ,-mbn YNJAY MDOPMAIN NPT NV TN
TNYYIA DPIN MMIPHRA MNP PN

IV DV 1NN DIPIYN DX DY TN NYNPN DY NX 210N DIPH JI5Y DOVPINn DX

TIY UNII NONTANY) CAPIPY TITIVNA 2105 XINY 299 N8N N9PNA DIAPN %92 M)
(.7PI2Y TTNDPINING 856 1y N 33 2

O%15 NX NP DMDYNL DPY MNYN ONX .02V PR2ND NN N2 MDY 10D OIDMP DN
(ﬂ)”lx)ﬁ‘ﬂ ‘191‘73‘\3) DpPn UﬂNb mny ‘WJb\’J)ﬂ AN NPIN NoW ‘r:b:n

MNP nm , PP NN b:: OMN NPY» 1955 mm nbya D-wsb Dvbb:n NN nm N)N
TONNon DIPYY

1127 NNTLY 195 DYTIN VX N ANYY 5990 ON) MY Y0IN NN RYBN DX TNB T2 7171
SPINRD NNIBN NPY 5,000 DY 90 1IN NN DN PNN ,NNYPAL NOID

N NPT TRIDW AN 9N KOV DOVUPAN DN NPTV TPHY TIN TIWAY 1998 T NP>Ta

9272 PON WP WTY0AN YWOIR DX 1Y WTINY) 0901 DINKIN DY NN NoY DINND

PNNT MININ DIDI DY AN N2APYL 8PN TIWONN J9 5y NS 03 N8 3 Ny
NN DNAY OINNMIBN MNY DY INOND

02-5617641 (512) : PYNXIN DINNY OTPNA TO DY Y1IN NN ,DNYPIAD NWND 951 N9 ON
I NONDD DY URIN T NI NATIN .02-6584142 (TAvn)

,227 Ma02

YPNIAD DIIN X200 5oN

3-5



Algorithm for Appendix 3B, (iii)
LDPINPON HX 01N 720V DOXNMDIND 7Y MDY 9D NPYAn DY D":”ﬂﬂ)ﬁ_ (1)

27 NIPHNA DOWANINN DIPINYNI P71 DWVWANYN IN ,XIPN D) N (1) 2 YNy Py DX (2)
SIIND DPINYNN D51 )P TN

$Y9NTTO DO IN NPT YN 1PN (1) 2 9Py DX (3)
:J9NYTD DYING ,PYN DY YW SWNN NP DN (a)

TN T -2 THA PN PIPAI NTPVHN MINA : /R -2 IR IR -2 ROIPN NN .1
TNOVIPPN NN

-

JIZN R -2 THN PP MRS -2 XOYIIDN NN .2
JWNIoON : NOTY

JIPY R -2 PN PIYS AN -2 RN NN .3
ATOPIPIN, PADIN : NN

SINNRCTIY -2 TNRN PN IONT -1 ROIND NN 4
SJWMND0  NANTY
T N

DNN T -2 PN PIY ORY -1 RPN MWD 5
S0 N0 NN

STYY NODIN Y NI TIPI MY P PN NP 1IN IR -2 RN NN .6
: DNON,NPYLND NN

SOV AIPIING PRN PN PINY -1 ROYON NN .7
0YPNA  NDITD

219D FIN IS 1NPRIY DY DV PPRYN2 NPIIN 9D DIMND PN .8
J°599%219 KDY P2IXI2 1572¥2 200N “17 0w Dy nans)y sponNa “penicillin” nonn : XL

SINN YR IY PN PR NN L9

- _ DNOPNNENTY

APZ31 100 PITIY DY NP2 IN VI D TN DY NAPN2 P WM 5199 WNY 105
- g

MY MPNINT NPITVANA D23 DOUNNYN [, PIN DYDY TAN MYIN MI»Nn N ¥ DX (b)
NN

AVLOND 919 v wy (B) ) (&) MINAD MY T 1N By mubnnn  (¢)

NN ©MD IX,{NPP0 PIDA XD 5aN) IR N TN DIPR2 NNIP DX POINY IwaN ox - (d)
NP DX D DYDY INIR POINT TYIRY DIPH 793 NP DX DY DY : DMNYI NOOBN

,(b) (a) » NLAPANY NS DD MNay TIND DIV N AN AN POIND IWIRY DIPN 223

RYTRONS DN IN ,(c) ,(b) ,(a) » NYAPANY NIV NYTORY NN DN ,NOVTY .(C)
CTTONO ND DAN  NITOM
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oovonwn (b) monnn IXY) NP DX POINY  MvaR” OX Nuonnn My (e)
TPV I NIN DY DIYOINN DY D5 PT1a» NNPN DY IPIYN MT0PIXING
0PN DY NIVNNN MIYN MTNDPININD NNHN NMANT 1B NNX D32 19 NNPIKN SV
IVINRY PRI W — NINMIP DRI PN JY NODIN BY NPNPN DY NSHD» DX .Y (N1P)

N TINING WANWI KD — 110 71NN KYON KD DX AN DX VR DY 117182 D) YHneno
(3d) 9102 NPT XYY N2 P TR Tano) ahr npvo ()
NP DX NN N P IINAP DN PN O NIND ,PAD 0N W (g)

SPAIDY INOONEY NN T D ooon N (h)
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Appendix 4

Pages 4-1 through 4-6 comprise the response of the single expert for the Fresh Test, Dr.
Rami Reiner. Pages 4-1 through 4-4 is the list of localities, whereas Pages 4-5 and 4-6
provide his explanation of how the Hebrew spelling was arrived at. The underlining was
provided by Professor Furstenberg for technical reasons, to facilitate identifying the data
actually to be used in the test.

Pages 4-7 through 4-16 comprise the response of the first expert for the Replicative Test,
Professor Meier Rafeld (see Appendix 3, Page 3-3, item i). Page 4-7 provides the criteria
used by Professor Rafeld in constructing the list; the remaining pages comprise the list
itself. The handwriting, check marks and asterisks on this list were inserted by Professor
_Furstenberg to facﬂltate handling the material; they played no substantive part in the
process ‘ _

Page 4-17 contains the list sent to the second “replicative” expert by Professor
Furstenberg.

Pages 4-18 and 4-19 comprise the response of the second “replicative” expert Dr.
Avraham David (see Appendix 3 Page 3-3, item ii).

For the thlrd data set required by the replicative test (see Appendix 3, Page 3-3, item iii),
three experts were consulted. Professor Menachem Ben-Sasson was consulted on
localities in Asia and Africa; his conclusions are indicated in his handwriting and by
underlining on Page 4-20. Professor Avraham Grossman was consulted on localities in
Europe other than Poland; his conclusions are indicated in his handwriting on Pages 4-21 -
and 4-22. Professor Moshe Rosman was consulted on localities in Poland; his
conclusions are indicated in underlining on Page 4-23. These documents were generated
in meetings between Professor Furstenberg and each of the experts.

Pages 4-24 through 4-28 comprise the corrected list compiled by Professor Furstenberg in
accordance with the algorithm described in Appendix 3 (Pages 3-6 and 3-7).
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