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Abstract

The paper presents the ancient Kartvelian script of Crete, dated to the 19th-15th centu-
ries BC. These inscriptions contain mathematical material. The majority of the linear
signs of Class A (LA), the Mycenaean period Class B (LB) linear script, and the syllabic
signs of Cypriot script (CS) are graphically and phonetically identical. The problem of
the LA language remained unsolved for a long time, and it was declared that its reading
was impossible because this language and its culture no longer existed. The phonetic
values of the LA inscriptions were not identified, and the LA tablets were declared to
have been written in an unknown, dead language. The LA inscriptions have been deci-
phered in the Common Kartvelian (CK) language. Some of the LA tablets, which contain
agricultural accounting records, have been studied using mathematical methods.
Notations for combinations of natural numbers and fractions are presented in these
accounts. In the course of the research, “algebraic equations” have been identified,
which reveal a highly sophisticated mathematical system. Particularly interesting are the
LA summation terms: ku-ro “total” and po-to-ku-ro “grand total”, “final sum”. Their mea-
nings have been established through the application of algebraic and graphical analysis
methods.
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' “The meaning of one Linear A word is certain: ku-ro is the word which introduces totals, and

must mean something like ‘total’ or ‘so much’. If we could find such a word in a known lan-
guage, the problem of Linear A might be solved.” J. Chadwick (1970:154 ff.)
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Natural (or counting) numbers of LA script are the following signs and their com-
binations: | one, — or e ten, © one hundred, < one thousand. The numeral system of
these arithmograms are shown in Table 1 as compared to those of other systems
(comp. Sarton 1936:378; Ventris, Chadwick 1973:30, 36, 53; Olivier 1986:381;
Olivier, Godart 1996:17, 19, 432-444; Chrisomalis 2010:35, 57, 59, 64, 67):

Numeral systems 1 10 100 1000 |10000|100000 | 1000000
LA | - o] -¢-

Mycenaean LB 1 - o] '¢' '¢'

Cypriote syllabic | -

Cretan hieroglyphic ! o\l O

Hieroglyphic Luwian | - 4

Egyptian hieroglyphic | N @ i ﬁ b, jlf
Sumerian pictographic v}

Table 1

Each of these systems is a non-positional numeral system with the meaning of
the number not influenced by the position of numerals (comp. Hollings 2009:16-17).

2. Fractions of LA script

The simple fractional signs of LA script are given in Table 2 (comp. Godart,
Olivier 1985, V:xxvii, 316-324; Kvashilava 2011:258):

701 14: A 7092 C|= L2
02+ g | 7000 (J: L
703 2 o | res (2 L4
704 7 7 e |1 (E LS
705 ;2 F || m0 ‘I'I' w
706 2 Ho|| 711 ZHZ X

w /o, v |m P y

708 T K || 713 Ir/ l; 0

700 ( L

Table 2

85



9650787(360gMg80b bogombgdo https://openjournals.ge/index.php/linguistics &
Issues of Linguistics ISSN 1512-0473. E-ISSN 3088-5035
2025, Ne18 by 308m3(393emmds/TSU Press

The combinations of the fractional signs 7, £, and ? with other signs are
presented in Table 3:

ne af | e )Q: 7 et | 1 5Q- EL
s+t ee | s JOE 7QE et s (P 5 o
me +QE  tQ= se0| s [P, Py Evvv| e L) 0
w4 8 | = A o\l g
e 4 83 | = 20 A
m )t 74 e | m QT wk | 19/
w )) 77 e | w0 z4 s | 0 TQ:
A il A, o w0 g w
m U AL e | m b e |w aQ
» )0 7Q e | s 51 ge | Q:Q: e

Table 3
The details about the numerical values of fractional signs 7, 2, 7, #, #, and 7
# will be presented by me in the paper below.
3. Reading of the LA sign-sequence 77371 [po-to-ku-ro]

The reading of the LA sign-sequence TT37T is given below. The LA signs 1, T, 3
and T are read as the syllables po, fo, kuand ro, which, as expected, coincides with
phonological values of the corresponding signs of LB and the CS scripts. The signs
are shown in Table 5:

W41t T TF e
LB E9 5 po |l F to
cs SH5 po F to

w3332 O

+

s 3 FThha|t+
cs + lo
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So, the LA sign-sequence 1131 is thus read as po-to-ku-ro/*p"o-t"o-ku-roj.

Semantic interpretation of sequence po-to-ku-ro/*p"o-t"o-ku-roj are presented
as CC archetypes:

*phot"-oj - “wide, general’;

*kur-oj - “fo bind, gather, collect, add’ (Kvashilava 2017:67);

*pho-t"o-ku-roj - “the general, whole sum, grand total’ (comp. Kvashilava
2011:266).

The reconstructed root morphemes *pMot-, and *kur- are of CVS- structure;
suffixal morpheme *-0j is of -VS structure. These phonemic structures are canonical
forms of morphemes in CC language (comp. Gamkrelidze, Machavariani 1965:304,
318, 368).

These sequences display regular phonological and semantic connections to
Kartvelian materials.

4. Examples of LA Inscriptions

The sign-sequence 3+ [ku-ro/*ku-roj] (addition) has been attested on clay LA
tablets HT 9, HT 11, HT 13, HT 25, HT 27, HT 85, HT 88, HT 89, HT 94, HT 100,
HT 102, HT 104, HT 109, HT 110, HT 116, HT 117, HT 118, HT 119, HT 122, HT
123, HT 127, PH(?) 31, and ZA 15. These tablets were found at Hagia Triada,
Phaistos and Zakros in Crete. These are dated back to 1850-1450 BC and contain
the inscriptions that could easily be interpreted as records of business accounts
(Kvashilava 2015:139).

Example 4.1. The inscription on tablet HT 9b as presented by L. Godart and J.-
P. Olivier (Godart, Olivier 1976, 1:18; comp. Consani, Negri 1999:53-54) is shown in
Figure 1:

Fig. 1. LA tablet HT 9b

1 *phot"- < Georgian B2¢-96-0 [phat-en-i] - “widely (adj.)” (Orbeliani 1993, 11:180, 184).
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Let’s find the sum of the natural numbers 3, 3, 8, 2, 2, 2, and 4. 3+ [ku-ro/*ku-
roj] or the total number is =i 24.

Examples 4.2-4.5. 3+ [ku-ro/*ku-roj] is also attested on other LA script tablets
as shown in Figures 2-5 (Godart, Olivier 1976, 1:22, 130, 140, 196; comp. Consani,
Negri 1999:55, 83, 85 ff.,, 100 ff.). The sum of a list of natural numbers can be
calculated as follows:

- -

40 /’Z/’"ﬁ)‘ry | 12
50 (-fO Hbep
30 -”}?{11;)%'}’ 6
I ]..
O EE
40+ 30+50+30+30=180 12+12+6+24+6+3+4=66

Fig. 2. LA tablet HT 11b Fig. 3. LA tablet HT 85a

@E?’E’
AR

Ky \g@l;ﬁﬁ

I 'quﬁn

S YITH

— ek ek -k
-t =k -t -k
-

13

Ku-ro 10
ku-ro 87

23+22+24+13 +5 =287 1T+1+1+1+1+1+1+1+1+1=10

Fig. 4. LA tablet HT 89 Fig. 5. LA tablet HT 117a

Example 4.6. L. Godart and J.-P. Olivier (Godart, Olivier 1976, 1:206, 208; comp.
Consani, Negri 1999:103-104) also presented the inscriptions on both sides of tablet
HT 122 as shown in Figures 6 and 7:

88



965008g(36096930b Lo gombgdo https://openjournals.ge/index.php/linguistics &
Issues of Linguistics ISSN 1512-0473. E-ISSN 3088-5035
2025, Nel8 by 393m3(393emmds/TSU Press

ku-ro 65

po-to-ku-ro 97

31+1=32 32+65=97
Fig. 6. LA tablet HT 122a Fig. 7. LA tablet HT 122b

The arithmetical meaning of Au-ro on side A is 31 with 1 added to it equals 32.
On side B Au-rois 65; and below the sum of numbers on both sides - po-fo-ku-ro
(grand total) is given: 97 = 32 + 65.

Example 4.7. The LA inscription of tablet HT 9a is presented in Figure 8
according to L. Godart and J.-P. Olivier (Godart, Olivier 1985, V:18; comp. Consani,
Negri 1999:53):

- ya
ku-ro 317

Fig. 8. LA tablet HT 9a

The sum of the natural numbers 10, 4, and 2 and mixed numbers 5%, 2z, 2,
and 47 where %, £ and 7 are unknown proper fractions, and also the combination
of variables % is £ + 7 (comp. Was 1971:41) are given in Figure 8. The ‘algebraic
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expression’5 % +10 + 4 + 2 + 22+ 24 + 47 given here equals 31 %. From the linear
equation 5% +10 + 4 + 2 + 24+ 24 + 47 = 31 % with mathematical operations of
addition and subtraction of the proper fractions %, 2 and 7 on both sides of the
‘algebraic equation’ 24 + 7 = 2 in two variables is received.

Solutions of the ‘algebraic equation’ 24 + 7 = 2 are the points (£, 7) in the set
of all ordered pairs of rational numbers @? such that when the abscissa  of the
points is multiplied by 2, and the ordinate 7 of the points is multiplied by 1, and
those two numbers are added together, the answer equals 2.

Let’s find the variables £ and 7 for the equation 24 + 7 = 2.

% = £ + 7, and 7 are different proper fractions (see Fig. 8). Under this condi-
tion, strict linear inequalities in two variables £ and 7 can be written in the following
forms:0 <2 +7<1,0<£<1and 0 <7< 1 where £ =7. So the ordered pairs
(£, 7) are the solutions to the following system:

20 +7=2

O<c+7<1

0<L<1

0<7<1

LET (1)

The system (1) is solved by the graphical method on the Cartesian coordinate
system. Then for every point on the line, the abscissa £ must be equal to the ordi-
nate 7. The graph of the system (1) is illustrated in Figure 9:

- LFE7
1) (2,_1) _

=

fmﬂf' (%;m L (10)

Fig. 9

Solutions to the system (1) are the ordered pairs that solve all the inequalities
and the equation in the system. Therefore, to solve the system (1) | have graphed
the solution sets of the inequalities on the same set of axes « and 7, and the points
of their intersection are thus determined. This intersection will define the region of
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common ordered pair solutions. In Figure 9, there is no intersection of these shaded
regions. Therefore, there are no simultaneous solutions. So, the system (1) does not
have a solution.

According to the note by L. Godart and J.-P. Olivier (Godart, Olivier 1985, V:19;
comp. Was 1971:36; Facchetti 1994:143), the ‘algebraic expression’ 5 Z+10+4+
2 + 24+ 22 + 47 was calculated to be the total as 30 %. | can collect the proper fra-
ctions on the left and the numbers on the right, and give the equation 2 + 7 = 1.

Let’s solve the following system by the graphical method:

24 +7=1

O<L+7<1

0<£<1

0<7<1

L#ET 2)
First, the graph of the linear equation 24 + 7 = 1 is the straight line whose «-inter-
cept is (2, 0) and whose 7-intercept is (0, 1). The graph of the system (2) is shown
in Figure 10:

LFT

oo+t 0V
s 4,0) .(2,0) (1; 0)

Fig.10
As is shown in Figure 10, it follows from system (2) that

2£+7=1

2 @)

As is well seen, system (3) has exactly one solution (£ = Y4, 7 = %2). Finally, the
proper fraction % is represented as the sum of unit fractions £ = 4 and 7 = 14, i.e.,
L+7="a+Yoa=%]

' The LA fraction sign 7= "2 could be compared to the Egyptian demotic script sign 1= "%

(Johnson 2014:266).
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Example 4.8. According to L. Godart and J.-P. Olivier (Godart, Olivier 1976,
1:16; comp. Consani, Negri 1999:52 ff.), the inscriptions of tablet HT 8a and 8b are
presented in Figures 11 and 12:

e a7 (\\cﬂg 3L

1L +3L+2+T+LT7+L +1= 24173 +L+1P+L+ L =
=4-L+2-7+7=9 =2.2+51
?' 4
Fig. 11. LA tablet HT 8a Fig. 12. LA tablet HT 8b

From Figures 11 and 12 the ‘algebraic expressions’ may be rewritten in the

following matrix:
10 9
5 2.2+ 51—
4

where # is an unknown proper fraction. Our objective is to determine the fraction 7
for which the expression 2-# + 54 belongs to the set of natural numbers N.
The proper fraction 77 is represented as the sum of fractions 7 and #, i.e.,
77=7+7where0<7+72<1,7="%and # = Va.
From the obvious inequality 0 < # < 2 or V4 < # < 2 we have
5V <27 +5V<5%
or
5% <27 + 5% < 6.
In this case, the natura/number is exactly 6:
(4) 2-7+54=6.
It follows from the equation (4) that # = %.

Conclusion

Mathematical data from several LA tablets is examined in this paper.
1. On tablets HT 9, HT 11, HT 85, HT 88, HT 89, HT 117, and HT 122 the
word Au-rois given to denote the sums of natural numbers.
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2. Of special interest are the inscriptions on tablet HT 122 on both sides (A and
B) of which the sums of natural numbers - 4u-ro - is given. The arithmetical mea-
ning of Au-roon side A is 31 with 1 added to it - so the sum is 32. On side B Au-rois
65; and below on the tablet the sum of both sides po-fo-ku-ro - grand total - is
given: 97 = 32 + 65.

3. The values of proper fractions7, «, %, %, £#, and 7# are presented in
Table 6:

Signs Value
1 1 1 1
k4 2 2 2 4
1 1 1 1
ya _ _ _ _
4 4 4 2
L 3 3 3
7 4 4 4
;. 3 3 3 1
8 8 8 8
5 5 5
L - — -
?' 8 8 8
7 7 7
7?3 8 8
Kvashilava | Facchetti Was Bennett
Table 6

As shown, the results obtained by different authors mostly coincide, but the
values received in this paper have been obtained as the result of strict algebraic
calculations.
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