SPRAKFOURLAGET

5 KRIERREIRY




DN THE TYPE-FOUNT OF THE PHAISTOS DISC.
Alan Mackay

“What song Syrens sang, or what name Achilles
assumed when he hid himself among women, though
puzzling questions, are not beyond all conjecture.”

— Sir Thomas Browne (1605—82), Urn Burial Ch.5.

The physical appearance of the Phaistos Disc has been frequently de-
scribed since L. Pernier’s finding of it in 1908, (Ausonia, III, p. 261, 1908)
and this is the only aspect of studies of the Disc in which there is a reason-
able measure of unanimity. The account by A. Evans (Scripta Minoa, 1
pp. 273-93, 1909) probably has priority as the definitive description in
English (see also: “The Palace of Minos”, I, pp. 647-68, 1921).

The inscription, which exactly fills both sides of a circular disc of baked
clay, consists of 241 characters and was made by pressing pieces of type
in succession into the plastic clay. 45 different symbols (apart from 'word-
dividers'’) occur and in addition a dash made with a stylus (to call it a
"virama' would be to prejudge its function) appears 15 or 16 times. In what
follows we reckon there to be 256 characters of 46 different kinds. Each
impressed character has a definite orientation with respect to the direc-
tion of writing. The individual symbols are pictographic and rather com-
plex (consisting of some 30 strokes in many cases) and it is clear that this
method of “typewriting, not printing” (J. Chadwick’s analogy) was much
faster than one of drawing each symbol separately. An experiment showed
that a text of 250 characters could be impressed on clay, using a fount of
52 different symbols, in only 14 minutes, to make an object resembling the
Phaistos Disc. This corresponds to 3.5 seconds per character.

We will here not consider the difficult questions of why the text so ex-
actly fills the space available and in what direction it should be read, es
these are not relevant for the present analysis. However, we accept the
demonstration by E. Grumach (Kadmos, Bd. 1, Heft 1, 16-26, 1962) that
corrections were made while the clay was still plastic and that thus over-
lapping of the characters associated with the corrections is not admissible
as evidence for the direction of writing.
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There appears to be no evidence to support the suggestion that several
pieces of type were used for the same symbol, but examination of the ob-
ject itself in Iraklion Museum would settle this question unequivocally.

We here suggest that the type may not have been made by direct en-
graving on wood, bone, bronze or other material, but that a more advanced
technique was employed and that the type was perhaps cast from moulds.
The process suggested is the inscription of a set of symbols on clay with a
stylus, followed by the drying and hardening of the clay by baking, and the
casting of the pieces of type in bronze or clay from these matrices. We
find that Evans (loc. cit.) was of a similar opinion and suggested steatite
matrices but adduced no evidence.
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THE PHAISTOS DISC.

The basis for our suggestion is the nature of the symbols evident on the
Disc. They consist predominantly of lines, such as would be produced by
a stylus drawing on clay, and do not have large raised or lowered areas.
To cut directly a punch, which would consist of thin raised lines on a uni-
form background, while not beyond the technology of the times, is much
more difficult than the cutting of larger raised and lowered areas. Design-
ing in lines is characteristic of the scribe, but working in intaglio marks
the punch or seal-maker. The tradition of early bronze-working in Crete
makes the proposal plausible and the recovery of a fount of type conceiv-
able. The pieces of type appear to have been made, by whatever technique,
without shoulders. With the progress in archaeology achieved since Evans’s
discussion of the objects portrayed by the symbols it has perhaps become
possible to localise the cultural milieu giving rise to the Disc from its icon-
ography.l)

E. Grumach (loc. cit.) has quoted with approval the statement of A. E.
Kober (Amer. Jour. Arch., 52, 87, 1948) that: “Forty-five different signs
are found; how many there were in the script to which it belongs cannot
even be conjectured’. We give grounds below for conjecturing that the
type-fount in question contained about 10 symbols not represented on the
Phaistos Disc. A statistical discussion follows which may have wider ap-
plication than to this immediate problem.

We make the general assertion that, in a small sample of an alphabetic
or syllabic writing system consisting of Li characters of M, different
kinds, the probable number of symbols in the alphabet or syllabary is, sub-
ject to various restrictions discussed below, given approximately by
L /(Li-M)) - L. ‘

Given that the probability distribution of the symbols in the writing sys-
tem as a whole (measured from a large sample) is known, the probable
number of symbols accidentally unrepresented in a small sample can be
calculated and confidence limits can be attached to this estimate. How-
ever, we must stress that an estimate of the size of the type-fount from a
single sample would be gravely vitiated if the sample were very atypical.
The statistical calculation thus gives no more than the minimum value of
the probable error. If, for example, the typist's test sentence — "The quick
brown fox jumps over the lazy dog’ ~ were thought to be a typical English
sentence, then the method to be outlined would give 111 as an estimate of
the probable number of symbols in the English alphabet.

It is shown that a number of known alphabets and syllabaries follow the

17



SMIL 4 1965

same general frequency distribution. It is assumed that the system of the
Phaistos Disc follows the same kind of law and evidence for this assump-
tion is adduced. With the further assumption that the text of the Disc is a
typical specimen of the language, the probable number of missing letters
and an estimate of the reliability of this number have been calculated.

Table 1 shows the number of times (t) which each different symbol of
the Phaistos Disc inscription occurs. Evans’s numbering (loc.cit.) of the
symbols is used, but the number 46 is allocated to the dash. N; is the num-
ber of different symbols which occur t times each. N, =8 means that-eight
different symbols occur twice each. M; is the number of different symbols
which occur at least t times. M, is the cumulative total Njg+Njg+ ... +Np,
and L is the further cumulative total Mjg+Mjg+ ...+ M, Thus L; is the
number of characters remaining if one of each kind of symbol observed is
deleted ‘and the same process is carried out again on the remainder. N,
is the number of symbols which exist in the writing system but do not hap-
pen to appear in the inscription under consideration because of its brevity.
M, is the total number of symbols in the writing system. M, is the num-
ber of different symbols actually observed in the sample and L, is the
number of characters observed (the length of the text).

The observed symbols can also be arranged in rank order of frequency.
Figure I shows the frequency of occurrence p. plotted against the loga-
rithm of the rank r. This has been done for the text of the Phaistos Disc
and for a specimen of Japanese written in the hiragana syllabary. The lat-
ter specimen was spelled out in this way for the use of children and is de-
ficient in alien words. The frequency/rank distribution observed in a large
sample of English-language text has been plotted also. These graphs show
that the frequency distributions of letters in small samples of the lan-
guages considered are of the same type. If we formulate the hypothesis
that this type of frequency distribution, given by p,/p1=1 - (log r)/(log R),
where R is one more than the number of symbols, is followed by small
samples of all writing systems, then the graphs of figure I tend to confirm
this hypothesis. Large samples of text are required to show deviations
from this distribution. It is sufficient for our present purpose, however, to
show that the Phaistos Disc inscription follows this law.2)

We require to find M,, the number of different symbols in the writing
system which have a probability of occurrence greater than zero.

Although a plot of the observed frequendies of symbols gives a straight
line, it is not suitable for accurate extrapolation to give the rank of the
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symbol with lowest probability. After trials we find it best to use the func-
tions M,, and L;, extrapolation of which to t=0 give M, and L, respec-
tively. Plots of log M, and log N against t give remarkably straight lines.
From p/p1==1 - (log r)/(log R) it follows that M{=M, exp (-Kt) and
L.=L, exp (-Kt), where K is a constant. These lines thus have the same
slope. Log L plotted against t gives such a straight line that the intercept
at t=0 can be calculated simply from L,/L;=Li/L, (which gives the rule
mentioned above). It will be noted that this formula uses the best data
available, namely, the total number of characters in the specimen and the
total number of different symbols observed. If Nj is small compared with
other terms of N, it may indicate that few symbols are unused; the graph
of log M, against t will then be slightly curved as it approaches t=0 and
graphical extrapolation of M, gives, in these circumstances, the best esti-
mate of M,, as experiments showed.
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The procedure described has been carried out for the Phaistos Disc
(figure 1I) and for Japanese Hiragana (figures III and IV), as well as for
about ten other writing systems, the results of which are not illustrated
but are listed in Table II. The lengths of the samples were chosen to have
roughly the same average number of occurrences per symbol as those on
the Disc. It will be seen that the three variants of our method — extrapola-
tion of L, graphically, extrapolation of M, graphically and the use of the
formula Loy/L;=Li/L; - agree fairly well with each other. It will be seen,
too, that the actual number of non-observed symbols in various samples
corresponds reasonably well with the estimates thus obtained. Notes to
Table II discuss some exceptions. The agreement should add weight to the
estimate of 10 as the expected number of extra symbols in the writing
system of the Phaistos Disc.
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A minimum value for the probable error in our estimate of 10 can be
obtained as follows:

We take a stright line representing p, against log r for the Phaistos
Disc. That is, we assume p,/pi=1 - (log r)/(log R) exactly and put in
the values R==57 and p,;=19.2/256. The former comes from our estimate
of the value of M, at 56 and the latter from the condition that the sum of
the probabilities of all the possible symbols must be one. From these values
of p, the expected number of missing symbols E(O) in an inscription of

r=56
256 characters can be calculated from E(O)= E (1=p,)%°.  This
r-1
comes to 9.418 which is not far from our estimate of 10. The variance of
this estimate, which we will expect to be similar to the variance of our
estimate from the actual frequencies of the Disc, is calculated from
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56 56 s6
V0)=3 3 (1 —pi—p)™— 3" (1—2p)2% - EO) + E(O).
i-1 i it
Computation gives V(O) —4.218. This means that the true value of E(O)
is more likely than not to lie between 11.5 and 7.4.

We repeat, however, that this gives only an estimate of the inherent,
“mathematical”’ error of the process, and cannot include any estimate of
the errors due to the unrepresentative nature of the sample which, as we
have shown above may, in special conditions, be overwhelming.

The treatment of the Japanese syllabary may illustrate some of the cir-
cumstances which may invalidate the above analysis. The basic syllabary
consists of combinations of 10 consonants with 5 vowels. There is also a
single character “-n” which may close a syllable. As three possible com-
binations are missing the total number of kana is 48. However, by adding
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the nigori sign *, 20 of the syllables with unvoiced consonants can be con-
verted to those with the approximately corresponding voiced consonants
and by using the mark °, h can be converted to p. These modifications
give an extra 25 signs making 73. Should the number of signs in the sylla-
bary be counted as 48 plus ”' and °, or as 737 We suggest that the former
course is the proper one and estimates of the total fount from small sam-
ples are wide of the mark in the latter circumstance (see figures IIl and
1V). By using modifying marks whole blocks of symbols have been created
and preserved irrespective of whether they are all individually required.
It is only to be expected then that there will be, in such a case, an abnor-
mal number of signs of very low frequency. Some of the symbols are, in
fact, only required for representing foreign words. In Japanese the voiced
and unvoiced consonants are not entirely distinct but are related by the
phonology of the language. Thus 'kana’ and 'gana’ commute as readings
of the same character, and the syllables 'ka’ and 'ga’ are not distinct enti-
ties. A more extreme example can be seen if capitals and lower case let-
ters in a modern alphabet are taken as distinct symbols. It is clear that
letters beginning the first words of sentences (plus proper names, etc.) do
not belong to the same population as the small letters making up the bulk
of the words. Among other considerations, the capitals are some fifty
times rarer than the small letters. As an extreme example, four letters of
the Russian alphabet never occur as capitals. The combined population
cannot, therefore, be expected to follow a common probability distribution.
Similarly it is clear that numerals should not be included with alphabetic
signs, nor ideographic with phonetic, as they will follow different proba-
bility distributions and the proportions of each type of symbol will vary
from text to text.

We suggest that consciously impressing a matrix pattern on the symbols
representing the phonetics of a language may force on it more symbols
than there is need for. The 2x 26 matrix of English capital and lower case
letters makes a total of 52 symbols, but half of these are mercly an ortho-
graphic device and are not independent symbols.

The notation of the Phaistos Disc shows no indication of numerical sym-
bols although some symbols might be ideographic rather than phonetic.
However, circumstances (its uniqueness for one) make it likely that the
notation is homogeneous and coherent. This contrasts with the example of
the statistics of the linear B sample where there are far more symbols of
low frequency in the syllabary than would be predicted by our technique.
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This is perhaps explicable by the inhomogenuity of the corpus3 used in
compiling the syllabary table of 87 signs, of which 16 are not allocated
phonetic equivalents. These 16 do not occur at all in the specimen used
and only very rarely in the vocabularies of Ventris and Chadwick {'Docu-
ments in Mycenean Greek'). Our estimate of a type-fount of 60 for Linear
B instead of 87 is thus not so wildly wrong.

The implications of our conclusion that the type-fount of the Phaistos
Disc consisted of about 55 symbols (plus the dash) will not be discussed
here, but it is cdlear that this is a very acceptable number of symbols for a
syllabary of the consonant + vowel type to have. The above must be con-
sidered as only a preliminary essay in the field and to have raised many
more questions than it has answered.

The author wishes to thank Dr H. D. Miller for statistical advice and
other colleagues for compiling a computer programme and for patiently
inducting him into the rudiments of a new field.

TABLE 1

The frequency of occurrence of symbols on the Phaistos Disc.
(Reference number of symbol in Evans'’s list)

44

43 4

42 28

0 21 40

17 20 45

15 16 38 39 36 33 35

11 14 34 37 3126 29

5 9 32 10 2224 23 46

4 319 6 81325 118 27 12 7 2

t=0 1 2 3 4 5 67 8 91011121314151617 1819 20

Number of symbols which each occur t times
,=2 9 8 4 4 4610004100201 110

Number of symbols which each occur at least t times
M, =2 46 37 29 25 2117111010101 6 5 5 5 33210

Cumulative total of M,
L, = 256 210 173 144 119 98 81 70 6050 4030241914 9 6 3 1 0



THLE PHAISTOS DISC.

TABLE 2

Svmmory of results.

3 3
¢ E
SRS T R -
£§_-78 3. 3 ! s 2
3 _lT s 3 S 32 e ':‘: 2 o5 ¢
gl 3o F? 5 o5 3
Psc23. s 5 5 s % P
sfs8t3 g5 zf < 7 ¢ § &
58 §22E 279 o5 2 s oz f47
2% 28:% 55 g & 7 2 333
Sso S Eeof % = & = o > S ES
Z£ zx3z8 23 23 & s & <5<
The Phaistos Disc. 256 46 556 56—57 55 3121 561 10 ¢ 2
Linear B 299 50 598 58—60 58 359.1 600 9 37 87
Japanese Hiragana 361 42 860 47 49 4085 475 6 8 50
(o, ", as symbols)
Japanese Hiragana 329 49 671 56—58 59 3866 576 9 24 73
(full syllabary)
Cypriot (Enkomi) 391 57 686 60—63 70 4577 667 11 2 2
(Doc. Myc. Gk.
page 62)
Arabic (modern) 130 24 542 3 30 1594 294 6 4 28
Armenian (modern) 150 32 4.69 41 38 1907 407 8 6 38
Russian (modern) 200 27 741 31—32 35 2312 312 5 5 32
Greek (modern) 115 20 575 24 23 1392 242 4 4 24
Greek (classical) 115 20 575 23—24 23 1392 242 4 4 24
Turkish (modern) 108 24 450 32 28 1389 309 7 5 29
English (modern) 125 22 568 26 26 1516 266 4 4 26
English (“quick 35 26 135 — — 1361 1111 8 0 26
brown fox...")

1) A. Evans (“The Palace of Minos”, I, p. 657, 1921) in discussing the objects de-
picted on the Disc remarks, a propos sign No. 24 (in his numbering): “The most
significant figure, however, among the signs on the Disc is the pagoda-like build-
ing shown...” We suggest that the sign in question shows, in fact, a closer
resemblance to the palanquin (a clay model of which was found in the Palace of
Minos and is illustrated on p. 220 of Evans’s account) which may sometimes have
been fitted with a canopy (as shown in the fresco illustrated on p. 772 of vol. 1I).

2) It should be noted that the letter frequencies studied here do not follow Zipf’s
Law as do word frequencies. We sce a fundamental distinction in the substan-
tially infinite number of possible words, while the number of different symbols
used in an alphabet or syllabary is strictly finite.

3) The sample text was the sum of nine tablets from Pylos quoted in J. Chad-
wick, 'The Decipherment of Linear B’, pp. 151-5, Penguin edition, 1961.
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