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Ockinvku mema Oiaspamu e-abax 3’asunacs 6
1978 poui 3aedsxu ii 3acmocyeannio 6 meopii po3oum-
mie, de ue nodamnns 6yao oouiero 3 ideii kpunmoepadii,
0azamo 0ocCaiOHUKI6 UBHAIOMb 0AHY MeMY 3 MUCMO Meo-
pemuunoi mouxu 30py 0e3 NPAKMuUMHO20 3ACMOCYEAHHAL.
Bazamo oocnionuxie euseuau do mei inmepec, nouasuu
3acmocosyeamu Cymo mMamemMamu1Ho, ajie, NOUUHAIOMU 3
ocmaniix 0exibKox poxie, 60HU wykaau idei no uiii memi.
Hane docnioxcenns npucesuene wudpy Biscenepa, axuii ¢
00HuM 3 bazamoanasimuux wudpis i 6ye oonum 3 Haii-
nonyaapuiwux wudpie ¢ munyaomy. Ile odepynmosano
11020 NPOCMOMO10 Ma CMitiKicmio 00 HACMOMHO020 AHANI3Y
05 noBidomnens, 3aK0008aHUXx 3a 00NOMO2010 NPOCHUX
wudppis, maxux sx wudp Lesapa. Hoeo 3acmocysanns do
0YK6 cupilicvk020 MO, WO € 00HIEI0 3 HAUOABHIWUX MOE,
3600UMbCA BUKTIIOUHO 00 HUMAHHSA PENIZTUHUX 2IMHI8, XpU-
cmusHamu 6 0esKux pezionax ceimy, a maxoic 6 AKocmi
Moeu mopeieni. Y 2017 poui 6in 0ye pemenvho eusuenuii 3a
donomoezoto naeedenoi diazpamu i 3po6ue euxopucmanns
Oiiou KoHidenuiinum cepeod Kopucmyeauie 3 mouxu 30py
nowyxy 6i0no6ioN020 n0200xHcenHa Mixc GyKeamu anenii-
cvK0i ma cupiiicokozo mo6. Pozeuneno mamemamuuno ioei
wupyeannun ma poszeumneno wudp Bixcenepa. Y cupiii-
CoKii MOBI OYU BUKOPUCIAHT CREeUIAIbHI 3HAKU | CUMBOTIU,
wWo 00360AA10Mb UPTUMU NPOOIEMY PIZHUUL 8 KiTbKOCHI
OyK6 Mixc 080MA MOBAMU, A MAKONC GUKOPUCMOBYEAMU
wupp mixnc Oyxeamu cupilicokoi Mosu

Kntouosi caoea: meopis pozoummie, Gema-uucaa,
wudp Bisicenepa, cupiiicoki Oyxeu, anenilicoki Oyrxeu
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1. Introduction

Let r be a nonnegative integer, the sequence
uz(u1,u2,...,un) is said to be the composition of 7 if

lu|= Y, =r where , ,1,, -, arenon-negative integers, the
=
composition is said to be a partition of rifitis p; >, for ev-

ery j=1 [1]. B-number for any partition g toris B, =p, +b—i
for all 1<i<bwhere b is a positive integer greater or equal to
the number of parts of p, and the set {B,,B,,-B, } is called aset
B-number of the partition p. In 1978, [2] provided a diagram
called the e-Abacus, this is to represent any partition g where
each partition has its own diagram. The number of runner
depends on the integer €>2 as shown below:

runner -1 runner -2 e runner —e
0 1 e—1
E etl 2e-1
2e 2e+1 3e-1

Fig. 1. e-Abacus diagram

Each number of g-numbers will be represented by a bead
(*) in diagram (A), but if not, the value in the diagram is rep-
resented by a blank (). For example, if u=(5,5,3,2,1,1) and
e =3, then the set of B-numbers would be {10,9,6,4,2,1} when
b=6 and the abacus diagram would be:
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0 1 2 - . .
3 4 5 e
6 7 8 S
9 10 11 ..

Fig. 2. 3-Abacus diagram

And if p=(6,3,2,2,1) and e=4, then the set of p —
numbers would be {10, 6,4, 3, 1} when b=5 and the abacus
diagram would be:

o 1 2 3 - B - .
4 5 6 7 >| - - . -
&8 9 10 11 R - . -

Fig. 3. 4-Abacus diagram

2. Literature review and problem statement

In the past years, there have been several studies trying
to link between the letters of international languages and
partition theory, especially the English letters. Sami and
Mahmoodin [4] used the idea for coding Syriac letters using
partition theory, as shown in the following Table 1. We tried
to exploit an important aspect in some of the techniques
mentioned in [5-8] references.



The Partition for Each Syriac Letter

Table 1

No. Letter Partition
1 (43, 37, 31, 25, 19, 13)
2 o) (308, 24%)
3 NG (372,32, 31, 26, 25, 222, 21%)
4 a (37,32, 26, 20%, 16, 15, 11%)
5 » (29, 273, 26, 24, 23, 225)
6 a (30°, 29, 242, 192, 142, 9, 8)
7 v (42,37, 31, 25,19, 13)
8 » (39%)
9 \ (342,31, 30°, 29, 28, 232, 17)
10 ) (40%)
1 A (328, 31, 26)
12 A (327,31, 24, 17)
13 > (298, 28, 242, 23, 16)
14 - (328, 26, 20)
15 © (288, 27, 26, 242, 23, 20)
16 ~ (337,32, 25)
17 a (308, 242, 19?)
18 - (423,38, 31, 262)
91 s (308, 29, 25%)
02 4 (38, 32, 26%, 22, 21, 17°, 6)
21 e (317, 30°, 25)
22 & (35%,29, 23, 17)

3. The aim and objectives of the study

The aim of the study is to complement the
ideas put forward in the Sami and Mahmood
research, including which is there an additionl
way to make coding Syriac letters more secure.

To achieve this aim, the following objectives
are accomplished:

—are there previously approved methods
that can be adopted (as encryption) and can
be applied to Syriac letters by using the coding
techniques;

—is it possible to combine more than one
coding at the same time.

4. Vigenere Cipher

It is one of the best known manual methods
for multi-letter cipher, Vigenere uses the En-
glish letters arranged by a table named Vige-
nere table (Table 2). Consisting of 26 rows and
26 columns, this table is used for encryption
and decryption. The first row consists of the
English alphabet (26 letters) arranged in the
order from letter (A) to (Z), which represents
the letters that make up plain text. The first
column from the left also consists of alphabet-
ical letters arranged in the column; the letters
represent an encryption key, each containing
the row specified by the letter, and are the rep-
etition of the alphabet that appeared from that
letter. You can learn more about the history of
the cipher and how to use it by [7-10].

Vigenere Table

Table 2
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It can also be represented mathematically by using the
following two equations:

C,=(P+K,;)mod26,

p,=(C,—K,)mod 26,
where C represents the encrypted text, P represents the plain
text and K represents the key.

Equation (1) for encrypted text and equation (2) for de-
cryption. Used by sequencing each letter from 0 to 25.

5. Vigenere cipher with Syriac letters

Syriac is a Semitic language derived from Aramaic,
which in the 6th century BC was the only spoken language
in the Fertile Crescent until after the birth of Christ. Its
new name acquired Syriac in the fourth century, coincid-
ing with the spread of Christianity in the Levant. Syriac
is the mother tongue of the Assyrian, Syriac, Chaldean
communities in Iraq and Syria in specific. However, it is
used not only by them but also by a number of Christian
clergies in their books such as Arabs, Persians, Turks,
Armenians, etc. The researchers [5, 6] indicate that there
is a constant connection between the Syriac language and
the Arabic language because of migration and trade and
cultural exchange between the Levant and the Arabian
Peninsula.

The Syriac language, like all other languages, has 22 let-
ters and contains symbols as shown in Table 3.

Table 3
Syriac Letters and Symbols
Letters A\.Lins.a_.\qo\_):_l_: ,%»\nmn\:ﬁ
letters
change
depend- -
ing on }U = < 23
their
location
symbols| !|T|a[ [ «|»| - || < |-|<|/])|(]-|*

Before we start applying Vigenere cipher to Syriac
letters, we know that any person, who knows the Syriac
language and the sequence of its letters, is able to break
the cipher. So in this research, the researchers decided to
rearrange the letters according to the partition and beads
of each letter that were found by Sami and Mahmood [4].
It is arranged by knowing the number of beads formed for
each letter, then we start from the letter that has the lowest
number, gradually to the last letter that has the most number
of beads. If there is a repetition in the number of beads, we
will look for the smaller M, where it is placed in the first, and
if it is found in some letters that the number of beads is equal
and also the value of py, the researchers will resort to uy and
so... Table 4 below shows the Syriac letters, the number of
beads and the partition of each letter arranged from smallest
to largest (Table 4).

Now we will create a Vigenere table on Syriac letters,
but it should be noted here that the table will carry the

same old characteristics of the Vigenere table but the
difference will be here in the Syriac letters and also the ar-
rangement of the Syriac letters as shown below (Table 5).

Table 4
The Number of Beads in Each Syriac Letters
Syriac letters | Beads Partition
1 , 2 (40%)
2 . 3 (39°)
3 ) 6 (42,37,31,25,19,13)
4 < 6 (43,37,31,25,19,13)
5 7 (35,29,23,17)
6 - 7 (42°,38,31,267)
7 -~ 9 (337,32,25)
A 01 (327,31,24,17)

9 g 01 (32°,26,20)
01 - 01 (32°,31,26)
1 - 1 (317,30%,25)
21 a 1 (37,32,26,20°,16,15,11°)
31 ; 1 (38,32,26°,22,21,17°,6)
41 - 21 (30°,24°,19%)
51 - 21 (30°,24")
61 s 21 (30°,29,25°)
71 N 21 (37°,32,31,26,25,22*, 21")
81 ® 31 (29,27°, 26,24, 23,22°)
91 > 31 (29°,28,24”,23,16)
02 3 31 (347,31,30°, 29, 28, 23%,17)
12 ® 41 (28°,27,26,24, 23,20)
22 a 81 (30°,29,24°,19%,147,9,8)

It can also be calculated mathematically by the sequence
of each letter in the new order, so the equation will be:

C].:(Pj+Kj)mod22..., €))
p;=(C,-K;)mod22.... 2)

where is j sequence of the letter from 1 to 22, C represents
the encrypted text, P represents the plain text, K represents
the key.

For example, the message to be encrypted is <h.s, and
the key word is <.ss, the encrypted text would be (Table 6).

The Vigenere table of Syriac letters can be used by
intersecting plain text letters with a key letter, as shown
below (Table 7).

To decrypt, we use equation (2), where we will use the
encrypted text and the key to get the plain text, as shown
below (Table 8).

And this method is very important for solving our
problem.



Table 5

Syriac Letters by Vigenere Method
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Table 8
Rule Application Mechanism

Encrypted Text A > = o
C A 1 \ 9
Key < ) -~ o
K, 4 ) 9 16
p;=(C,-K;)mod22 | s 0 ) 15
Plain Text < & ) 5

6. Syriac and English in the Vigenere Cipher

In this part, we have a process to strengthen the cipher
and make it more difficult to break, which is the process
of linking the letters of the Syriac language and English

language, where the work is done by entering the plain
text in Syriac and the key is in English and therefore the
encrypted text will be in Syriac. The researchers found that
the number of letters in the Syriac language is 22, which is
less than the number of English letters. So we added letters
that can change when they come in the middle and the end
of the word and also added a number of symbols used in the
Syriac language; the number became 52 letters and symbols.
As for the letters in English, we will repeat them with an
addition (‘) to denote a new letter. For example, the letter A,
when repeated, becomes a new sequence A ‘. Syriac letters
and symbols will be arranged in the same way we did in (3)
depending on the number of beads and partition of each let-
ter. In [4], only Syriac letters partition has been found, since
we added new symbols, so we need to find partition for it, as
shown below (Fig. 4).

|
(37%,33,27,21,15,9,3%) (40,33,26,20,15,10)
(38) (35,24,;21,10) (36,26) (38,22)
¢ : « »
(35,22,16,12,10,7,5, 1%) (37,17) (29,28,23,22,17,16,12,11,8,7,43) | (27,26,23,22,19,18,14,13,8,7,2,1)
(31,27,26,25,223, (36,31,26,21,16,11,6) (38,37) (295
17,123,9,8,7,3)
5 6 5 5
(26,21,16%,12,11,8%,6) (33,31,27,24,21,20,15,10,5) (225,18,12,8%) (14,12,10,7,6,5, 23)
¢ ! &
(39,272,22%,16,11) (40,27,21,18,15,9,3) (29,24,192,15,14,10%)

Fig. 4. Symbols of Syriac Partition



In Table 9, the new arrangement will be shown with
beads and the partition of each letter.

It can be calculated using mathematical equations:

Where (Sy) represents the symbols, (Be) the number C, =(R +KS) mod52 ..., 3
of beads, p the partition and (Le) represents the English
letter (Table 9). p,=(C,-K,)mod52 ..., 4)
Vigenere table, because of the large number of letters, we
have divided it, so became (Table 10). where s represents the sequence of letters from 1 to 52.
Table 9
Merging the Syriac and English Letters
No. Sy Be u Le
1 2 3 4 5
1 1 (38) A
2 2 (36,26) B
3 2 (37,17) C
4 2 (38,22) D
5 2 (38,37) E
6 , 2 (40%) F
N 3 (39°) G
8 4 (35,24,21,10) H
9 “ 4 (39°,44) I
10 - 4 (45,38,31,24) J
1 . 5 (29°) K
12 | 6 (40,27,21,18,15,9, 3) L
13 ( 6 (40,33, 26, 20,15, 10) M
14 ) 6 (40,35, 30,24,17,10) N
15 . 6 (42,37, 31,25,19,13) o
16 < 6 (43,37,31,25,19,13) P
17 5 7 (35,29,23,17) 0
18 / 7 (36,31,26,21,16,11,6) R
19 : 7 (39,27°,22°,16,11) S
20 - 7 (41,34,27,24") T
21 < 7 (42°,38,31,26") U
22 8 (34,33, 29,28,23%,17) v
23 - 8 (34,30, 29, 25,24 W
24 9 (14,12,10,7,6,5,2*) X
25 9 (29,24,19°,15,14,10%) v
26 9 (33,31,27, 24, 21,20, 15,10, 5) 7z
27 N 9 (337,32,25) A
28 3 0t (32',28,27,23,22,18,17) B
29 A 0t (327,31,24,17) C
30 ~ 01 (32°,26,20) D’
31 N 01 (32°,31,26) E
32 ¢ 0t (35,22,16,12,10,7,5,1°) P
33 » 01 (36,33°,29,28, 24%,17) G
34 11 (26,21,16,12,11,8",6) w
35 - 11 (317,30°, 25) r
36 [ 1 (35%,29,23,17,11,5,1°) g




Continuation of Table 9

1 2 3 4 5

37 a 1 (37,32,26,20°,16,15,11°) K

38 ] 1 (37°,33,27,21,15,9,3%) L

39 5 11 (38,32,26%,22,21,17°,6) M

40 21 (22°,18,12,8°) N’

41 » 21 (27, 26,23,22,19,18,14,13,8,7, 2, 1) o’

42 « 21 (29, 28,23,22,17,16,12,11,8,7, 4, 3) P’

43 - 21 (30%,24%,19%) Q

44 5 21 (30°,24°) R

45 - 21 (30°,29,25%) S

46 Ny 21 (377,32,31,26,25,22*, 21) T

47 ™ 31 (29,27, 26,24, 23,22°) U

48 . 31 (29°,28,24°,23,16) v

49 \ 31 (347,31,30°,29, 28, 23", 17) W

50 N 41 (28°,27, 26, 247, 23, 20) X'

51 * 51 (31,27,26,25,22°,17,12°,9,8,7,3) Y

52 a 81 (30°,29,24°,19%,14%,9,8°) 7

Table 10
Vigenere Table by Merging the Syriac and English Letters
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For example, the message to be encrypted is <=\zaci.e,
and the key word is GOOD LUCK, the encrypted text
would be (Table 11).

Table 11
Rule Application Mechanism
Plain text < |-» Al o=l |=
p; 16(48(25|39(35|34|52(16|30| 6 |34|35
Key G|O|O|D|L|U|[C|K|G|O|O|D
K, 7 (1541 4 |12|121]|29|11| 7 [15(41| 4
C,=(P+K, )mod52|23|11|41[43]47| 3 |29]27|37|21|23|39
Encrypted text ~l-|)|e|m Al s 2| o~

It is also possible to validate the solution through the
Vigenere table by intersecting the plain text with the key.

To decrypt, we will use the second equation to find the
plain text, as shown below (Table 12).

Table 12

Rule Application Mechanism
Encrypted text ) |e|w Al || o~
C, 23[11(41(43|47| 3 |29]27(37|21|23|39
Key G|O|O|D|L|U|C|K|G|O|O|D
K, 7 (15|41 4 [12|21|29({11| 7 |15|41]| 4
p,=(C,—K,)mod52|16|48|25(39|35|34|52|16(30| 6 | 34|35
Encrypted text <|» Ale| o] -

5. Discussion of experimental results

Among the most important discussions that we came out
with are:

The Syriac letters can play a pivotal role in the applica-
tions of types of encryption; especially as it is a language that
is currently less used except in certain regions of the world
and therefore it can be a lifeline for rescue.

It is quite useful that the choice of the Vigenere cipher
was a good choice because it contains special conditions and
flexibility, which made working on it completely useful.

It is quite natural that the experience of Syriac letters
with other types with encoding operations will give us dif-
ferent results from those found here in this work, knowing
that until the preparation of this research, we only tried two
types of encoding and it was noticed that the results did
not differ by a large percentage, so it was limited speak on
Vigenere.

6. Conclusions

1. The ability to apply Vigenere Cipher not only to the
English language letters (or similar ones) exclusively, but
also possible with the letters of any language used, but it just
needs to make a kind of common basis for the coding to be
appropriate.

2. In the research, work was done (pairing) between the
letters of the English language, which led to a significant
development in the use of this technology significantly.
The letters, signs and symbols used in the Syriac language
were used as one unit, which made a great development, as
it made difficult for non-speakers to reveal the mysteries of
this topic.
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