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ORNAMENTAL SIGN LANGU AGE
IN THE FIRST ORDER TRACERY BELTS

Modris TENISONS'
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Abstract

We consider mamental sign languagef first order where principles of sieve displacemeoit,
asymmetric building block as base of ornament symmetrgplor exchangeabilityand side

equivalenceprinciples work. The generic aspects of sieve and genesis of ornamental pattern and

ornament sign in it are discussdthe hemiolia principldor ornamental genesis introduced.The
discoverer ofmost ofthese principlesvere artist Modris Tenisond4, 5, 6, 7 (refs. 2324), 8 (ref.
65)]. Here we apply systematical research using simplest mathematical arguments.

We come to conclusions that mathematical argument in arising ornasieot much more
significance tharsimply symmetries in it as in imag@/e are after to iquire how ornament arises
from global aspects intertwinned with these lod&le r ai se ar gument of S
rather from image, and its eventual impact on research of ornamental paatetnsn research of
human prehension of sign and its neation with consciousness

Key words: binary coding, binary matricesynamentsasymmetrysigncoding, sieve in ornamental
pattern first order complexityhemiolia principle
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Introduction

Ornaments and ornamental patterns are part of both historical and cultural richness of
different nationsWhat messagthey convef Can such questidoe justified scientifically

Either, las such questioegible meaningvhat concerns exact scien@és order to answer
suchand similarquestiors we must study them. In this article we studgthematicallyone

type ofornament pattern foune.g.,in ornamentabeltsof Baltic coutries for thatreasorwe
introduce notiorfirst order complexity ornamentalgn language

Latvian nationalornamentatracerybelts, or, simplerprnamental belts are sufficiently rich
area to study4,8,9,10] The best known example is belt of Lielvaiditle town in Latvia)
[4,910], that has attracteehormousnterest of different researchers, maybe less from side of
mathematicians.Possiblereasonfor that may bethe fact thatthis type of belts has very
complicateornamental traceryNeverthelesshere are some sufficiently rich patterns of belts
that are much simpler, e.g., belt of Niganall rural district in Latviasee 1.pict[B]. Just

this type of belts we are going to study in this article.

In this article we systematizbe many years @erience of Modris Tenisona the area of

the research of Latvian ornamental bgs 5, 6, 7 (refs. 23, 24), 8 (ref. 65)Next to

experience of Latvian artist and ornamentalistic researcher Modris Tenisons, we come
accross with researchers from otheiti® countries, namely, Lithuanian researcher Vytautas
Tumanas [7,8,9] and Estonian researcher T»ni
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Picturel. Belt of Nica[3] in two settingsThe ornamental tracery should be read linearly from left upprerer

to the right lower corner. See in appendix binary code of this belt. Length of code 751 rows. Image of the belt
here created by computer program. In lower pelttdf Nicawith opposite coloringThe one of main principles

in thefirst order ornametal tracery is thalboth colors are as if in equilibrium what concerns amount of elments

in it both globaly and locally.

The principle of removal o f sieve in the first order belt and the code of
the ornamental belt

Analyzing different kinds of ornamerntbelts Modris Tenisons came to persuasion that there
may be distinguished one type of belts that may be chilgdorder belts The ornament in
these belts may be divided into two parts, scilicet, the part of the siegtehe part of the
code. Weresearchn this articlejust this type of belts callefirst order belts The language

of ornamental signs used in theses belts we faall order complexity ornamental sign
language

First order belts are characterized by property that there caenbared sievein them
leaving code aloneThe principle of sieveemovalor separatiorand coding in this sieve has
been described in the article of Modris Tenisons and Armands Strazds [3]. The principle has
been fixed also by patent of Modris Tenisfis

If ornamentakraceryin belt such as Nica belt mnsiderecastwo colored squared pattern

where checks init hastwocolprs t hen t here is the part that
part. Thepermanenpart is calledsieve and the changing partcode part The sieve consists

from two dual parts, where each is latticecadss elementshat is calleccross lattice Each

cross element consists from five cheakaturallyforming sign of crossSeetwo dual cross
latticesin pict. 3in the middle, were cross elemenbf crosdattices arecorrespondinghof

red and grey colorsThe changing partthat we callcode part consistdrom 2 = 2 checks
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where eachstands forone code unitOrnamentatraceryis built filling (coloring) filling
places of codes with color of oe othercross latticesMore precisely, assuming code to be
binary codeconsisting fronzerosandunits choosing by coding for zeros one coldicooss
lattice and for unit®ther color of code lattice we get ornameninagge ofornamental code

On the spot we get first fundamenpabperty videlicet there arise eventually twioaceries
from one fixedornamentakode,interchangingcolor either of code ocross elemest We
haveas if four choices here but further we would see that opposite coloring ohathental
patter n athed ordamentg Fovw eding it would mean that opposite code, i.e.,
interchanging units and zeros, d opeckensioh, gi v e
though mathematically doedn the pict. 3we see ornamental pattewnith six code places in
one row We would say thathis is thebelt of breadth sias is Nica belt. We consider in this
article only ornamentataceriesand beltsof breadh six, which isin way minimal nontrivial

belt but sufficiently complex and problematic as represented by Nica belt.

In the example in pict. 3. ornamental code by fixing only half due to symmetry might be
011,010,100, 010, 011, 011,010,011,010,100 octal number system, 3242332324.
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Picture 3 Pattern of ornamental trasery on right that is coded in the sieve that stands on the left. In the middle
picture sieve is divided into two dual partspss latticeswhere each is coloredistinctly, red and greyesp

Placesfor coding areclearlyseen ag * 2 checkelementsrespectivelyin white,

Hemiolia principle z one and a half principle in ornament genesis

We may try to specify sievand part of coddy some generic aspect with someuiry

where from it could arise. Let us suggest in background of sieve be tracery of checkerboard
with 3 = 3 checks and code being as if displacement of this background stitinking of

scale by2/3 at the same time, namely, the shifted square2 = 2 checks. By this approach

we have as if twogrounds forornament to be enacted, scilicet, non changing background
with 3 = 3 checks and changing by code ground With2 checks. To see this in picture 3 in
middle, imagine grey (or red) places in Be 3 squaes where corners are overlapped or
partly covered with# places of codes} = 2 squareswherewhite places have shrinked by

scale2/3. In this play of enacting ornamental tracery some places respond as if belonging to
one background part, say, red, but sametheri say, white.

We see that here ratio 3/2 plays a decisive role. The ratio is significaotmia mystical
teachings.

We call this principle of arising ornament froB8¢ volume parts of background and
22volume parts of code as if interplaying between themselves that we describemésta
principle. In Greekh J mii mmeiand a half.
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Sieve displacement

The notion of sieve displacemeantises by observing that displacing sieve by three checks or,
what is the same, displacement of code by one row gives other ornament pattern that is
equivalent of change of colors of cross lattices. Thus, if we add empty code line in the
ornament coding, we geuite new ornamental pattern that what we were to obtaisiéye

displacement.

Mathematicallythe things we consider here amémost trivial, butthey effecton human
imagination not irthe least sense imivial manner.The consideration in this direction see
below. Moreover, let us bear in mind thatr n a me n t wehverdwhol dres directly

connected with

t hese

belt s, because

j ust

t he

simple facts as clearly as they stand in mathematical setting and nevertheless they are able to
obtain miracles in litedasense like in case of Nica belt, not even to speak about belt of

Lielvarde.

Picture 4 Two ornament patterns from the same ornamental code. We may say that one is obtained by other

using sieve displacementVe can see

somesimple trick. Neither did most prolific masterswasaversof the mostvonderfulb e | t s,
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Picture 5 The belt of Nica in two variations. On the right sieve displacement is performed by adding empty
code row at the beginning giving another pattern of Nica belt tracery. Visual effect is such as if we had quite

another sample of Nica belt.

In pict. 4 we see two ornament patterns from the same ornamental code. We may say that one
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The sieve removal and sieve displacement Modris Tenisons discovered in the late seventies
of previous catury. The discovery is fixed in patent as intellectual gdfje

Creation of ornamental tracery from asymmetric elements

Modris Tenisonshas developed idea that first order belt code should be built from
asymmetric elements, i.e., that in the base of sgtnm ornamentaltracery stands
asymmetry. In order to illustrate this idea, let us characterize type of ornamental belt that is
built from asymmetri@ * 3 elements that are callsgeds of chaos

Let us consider elemerit 3 = 3 two-colored matrix where fouchecksare painted out
asymmetrically with respect to middle row, middle column and both diagonals. How many
such elements exist that are not equal with respect to named already symmetric
transformations™ turns out that ten, see pict..6This simple butnot trivial mathematical

fact we formulate as theorem of Modris Tenisons.

Theorem 1 (Modris Tenisons)There are exacthtO 3 = 3 binary matrices with four units
that arewithout automorphismand notisomorphic with respect to reflectiomsrsusmiddle
row, middke column and both diagonals.

Proof. Theorem may be checked by direct enumeration. It is important to noticallthat
mentioned reflections are considered with respect both asym(netmautanorphisms)and

non isomorphism. See in pictureal these 10 possible matrices where units are designated
by red checks and zeros by white checks.

B =k
=g L ofl, “fle= ezt

Picture 6 Ten asymmetri@ * 3 elementsnamed by M. Tenisonseeds of chao&ach of them characterize
equialence class of eight elemeritsmatriceswhich are asymmetrioversusvertical and horizontal and

diagonal reflectionsTogetherthere are 80 such elements because theirasynmesydot al | ow t he n
elements tofreak dowd due to symmetriesTo compare with, symmetric such elemeate 46 in 12
equi valence cl asses. Factorization as simple as in

elements that are symmetric versus all allowed symmetriedd.doesné46. di vi de

The next theorem is very relevant for the building of ornameintederiesin the first order
belts.

Theorem 2 There are exactlg0 3 =3 binary matrics with 4 units that are without
automorphismavith respectto reflectionsversusmiddle row and middle column and both
diagonals.

Proof This theoremdiffer from previous that condition of non isomorphism is removed.
Because elements are asymmetric in the mentioned sense they factorize in 10 classes of

u

n

c
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equivalence where each classshz = 8 elements Altogether we get 10 * 23 = 80
matrices.

Let us try to get this numbe30 without reference to previous theorem. total we have

(Z) = 126 binary matrice with 4 units Let us subtract the symmetric ones. We have

symmetric matrices withespect to middle row 12ccordingly with no unit in middle row
3, and with two unite§ 9. This number should be multiplied by 4. Twtrices were with
all units in all cornersand no unit in corner These came in the count witkpetition
because of excessive symmetry, thus they we shotddbteact Thus, we getl26 — 4 *
12+2=80. Y

Let us try to build ornamentéaceryfrom these asymmetric elements callseeds of chaos
that arein total 80 factorizedin 10 clases of equivalencéet usfirst try to count how many
ornamental signs we may build in the most simple ornameataryfrom these asymmetric
elements.

Definition 1 Let us calffirst level ornamental sign codwe, simpler,ornamental sign coder
sign code2 = 2 element that is built frond asymmetric3 = 3 elementsvhich are symmetric
either with respect teertical and horizonal reflection or with respect to rotation of * 3
element, alversuscenter of2 % 2 element (see pict. 7).

Definition 2 Let us say that two sign codes are equivalent if they dre2 elements
reflection of first and second row.

Definition 2 introduces simple principle of right and left side symmetry in the belt, namely,
belt is readable from both sides equallhis princple has more deep methodological
meaningin the making distinction between human prehension and mathemsgiedielow.

Let us consider allowed sign codes by definitiofsde in pict. 7)

By o | o R |
9 PR | v 0 | d

Pict. 7 lllustration of definition 1 Let us put in place of symbdl Rwhatever asymmetrig * 3 element with

whatever orientationOn left 2 * 2 element show how code of sign may be builsing reflections oB * 3

element On the right in two pictures code of sign is built using two possiltitions of 3 * 3 element Two
depicted cases by definition 2 are dealt as equival e
code of sign because code in this case is already symmetric with respect to vertical reflection.

Theorem 3 (Modris TenisonsYhere arel20 nonequivalent codes of signs.

Proof Let us show thabnly 120 different codes of signs can be built with allowed
operations by definitions 1 and 2.

Let us consider the way to build code of sign using definition 1 where asymmetric element
3 = 3 should be symmetric with respect to vertical and horizontal reflectises,ict. 7eft

side). In place of asymmetric elemé&u 3 we can place80 elements aarding theorem 2,
which all should give different codes of sigghiVe get80 codes of sign.
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Let us consider second way of how to build coflsign by rotation (see pict. Middle and

right side). There similarly we ge80 codes of sign, but half of thesedes would be
symmetric with respedb vertical reflection and according definiti@should be excluded
as being equivalent. In the result we get oHlynon equivalent codes of signTogether we
get120 codes of sign as stated by theorem.

Otherways of building code of sign we do not have. Thus, theorem is proved. y

The doubling of ornamental signs by displacement of sieve

We already considered sieve displacement that gives another ornaire@gt As we saw

sieve consists from twadual lattices of cross elements that may be mergedane by
displacement by three checks. Let one lattice be one color and another in second color:
putting code in color one we get one ornametradery and other color would give other.

The same maype attained by displacement of sieve, that could be performed, say, by
entering empty line of code. But this consideration gives us way to build from one code of
sign two different ornamental signs. This gives us right for next theorem.

Theorem 4 (Modris Tenisons).120non equivalent codes of sign give 240 distinct ornament
signs using sieve displacement.

Proof If signs are divided into two classes with respect to sieve configuration, then no sign
from one class may be equal with sign from othkss, becausethe sieve itself plays
decisive role: sieve in one class is as if displaced versus other class. This argument is
sufficient for theorem to be prove8ee pict. 9 for illustration. y

-

O

Pict.t 8Si eve di splacement with respiecti Aa the same code.

Pict. 9 Changing colors in ornamentahcerywe get another one. However this change does not effect to the
same extent than by sieve displacement: we may discern previous ornatmaa®aiby our imagination.
Actually the ornamentataceryis invariant with respect to color change whatsoevertarmblor interchange
ditto.

Pictures 9 and 10 shothat sieve displacement and color interchange wor#ifferent way
in ornament building

Actually we could introduce one mofeasibilityto double number of codes of sigssilicet,
in place of asymmetric code allowing to be its dual element, namely, asymmetBic
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element with five units. But this would lead to some disbalance of colobsightness of
colorsin ornamental tracery, scilicet;unit elements would give more coloré@cery that

4-unit elements and coming them alternately would give place to disbalance of brightness of
ornament. Thus, here we see where pure mathematical argument may come in conflict with
some artistic principle and human prehension: mathematicgivsaylthat we may hav0

sign codes whereas artistic principles would force us to refrain o2§asign codes.

The principle of the opening of field information

Modris Tenisons came to buildingrnamentsigns inlittle different way, namely, using
principle of the opening dield of information. Let us try to formalizlis approach using
systematic argument

Let us first consider a little different proof thetorem 3. Let us consider pico® the left
where we use reflection & = 3 elements in far diagonal corners. Let us do this in two
directions, vertical and horizontal getting in this v&aways to build code of sign by use of

reflection. Similarly let us do rotation &f* 3 element accordingchemain pict.8 on right:
we dorotationin each cornegetting4 codes of signs. Excefivo pictures are to be used to

escape overlap. Together we getschematdhat for 10 asymmetric elements should give

120 differentc odes of signs. I n this way weoui dnot
that performanceof rotation only in one direction is equivalent with use of definition 2 that
introduces equivalence of left and right sides of ornaménatedry Allowing rotation in both
directions would result in gettingpetitionof codes thatefinition 2 excludes.

Pict.2 Example of buildingcode of sign. On left one asymmetric element gives four codesgof s
correspondingly in eactorners of asymmetricainent in the center. In pictuie center and on right from the
same asymmetric element we getles of sigrby twos in two pictures because in one picture codes would
overlap. Clearly is seen principle of double overlap by rotation symmetry.

Let us try to follow idea of Modris Tenias about opening dhe field ofinformation. If in
place of asymmetric elements we had symmetric, then the number of different elements
would be lesbecause every symmetry tends to reduce corresponding number at |2ast by

Some analogy may ke fact that3 = 3 symmetric elements with five zeros are classes

of equivalence that do not factorize as simple as in case of asymmetry, namely, number of all
matricesis 46. Two exceedinglysymmetric matrices, with units in corners and no unit in
corner, lbeaks down simplicity of count, sal2 = 4 = 48.

Let us try to reason how Modris Tenisons does it inttgkshopf ornament creatiofsee
[1]). Let us take asymmetric element and open it in all direction with reflections, filling
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corner squares too as in gt . 9. Going onwevi wbhbulsdredt Aget
information because of repetitions. If in place of asymmetric element we had taken
somet hing symmetric we didnot get even this
repetitions. Speakingnformally, information for us is that thato not repeatBut, let us

imagine in place of what we see are dimensions in hyperspace: repetitions there would mean

no information already directlyn place of information here we might use térraccess to

information, and quantityi degrees of freedonand that would givesfull justification for

use of these notions in way Modris Tenisons do.

Let us considehow many unrepeatablaformationwe might get. We hav&0 equivalence
classes of asymmetric elements @telements. Informally we might say that theor8m
counts number of information or degrees of freedothne generation of code of first level.

NN
X%

Pict. 9 3 = 3 field where each of them &+ 3 matrix for building code of sigrwhere with slash islepicted

imaginable asymmetri8 = 3 element. Such slashes in the language of buildihgigns may denote their

generic elementhat artists are used.t®n rightexampleso f such sign bui | (dfiM@rsas t he
Z 0 mehat)arises from union of twopposi t e, masculine and feminine, e
Acr ayfi sh s iSgemnther examplascira[8:BH thase signs except last may be placed inahi®

field of code. The slash works as if variatlat may have assign@&d possible values-or example, we may

form 80 samples oMU r a so etc) me

Sign language alphabet

Let us consider simple idea how from sieve displacement and ornament coding we may come
to sign alphabein first order (complexity) beltsTwo following rows in code in case when
ornament code width is, say, six mbg divided into wo following rowsof codeas binary

field 6 2 that may be divided int& 2 * 2 binaryfields. Each such field may be considered

as letter in 16 sign alphabet. For binary codes it would be too trivial step without much use.

In case thesbinaryf i el ds HAwor k 0 ,theygnemkelbesigns ferorhamnetali e v e
sign language alphabet. Actually we get two such possible alphabets using sieve
dispacement.Every belt of width 6 may be cut into such square elements standing for
ornamental sign alphabet letters because we should get invariantly only 16 such alphabet
letters by simple binary code argument.
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8

Pict. 9.lllustration how alphabetrisesfrom simple binary code. On lefixample oftwo binary columns from
two rowsi binary matrix(i g). Putting this code into sieve we receive one alphabet letter of sign alpasbet

in pict. in center and right where places code are markedevery belt of width 6 may be cut into such square
elements standing famrnamental siglphabet letters because we should get invariantly only 16 such alphabet
letters by simple binargodeargument.

Modris Tenisons paterib] actuallyis for this sign alphabet that in indirect way contains
ideas of sieve displacement and ornamental coding.

> LA+ 1o RRE
AR LAT SRV T

Pict. 10 16 letters ofornamentakign language alphabéd/ould this alphabebf Modris Tenisonsufficient to

code belt of Nica ... in sense any first order ornamental pattern may be composed by these squares?as puzzle
Mathematically it is trivially if we onlynoticethat this isfull binary code in sieveBy sieve displacement we
getanothersuchalphabet that is different from thime

The belt of Nica and its investigation

Modris Tenisons hafrwardedidea that the belt of Nica is built from asymmetric elements
too similarly as we described highgf]. But it turns out not to be so simple. If we directly
search afteB * 3 asymmetric elements in the belt of Nica, we do not get them sufficiently
many to get complete cover of all the belt. We come to question how the codeadfNbiek

is built if we war to stick arounddea of Tenisons about asymmetry as basis of symmetry in
ornamentatraceryof belt?

We may now askHow weavermay cometo belt that is rich as belt of Nica? One
interpretation is sufficiently simple. Together with experiefme weaving instrumental
experience heaps up. Weavers better remembe
namely, they remember technological and instrumental information how they do arbghing
weavingrather in some other wain much simpler casexempligratia, knitter remember
combinations of stitches rather than anything else. The same but in more complex setting
applies for weaver of belts. The belt of Lielvarde shows that absimednstrumental
experiencethat might be incredibly complexmay produce real wonder$Videly used
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allusion to information from Cosmos this contex [1]Jmight have some ground though not
subject to direct scientific argument up to now.

M&m L

Mﬁ

Pict. 10 The code of the belt of Nica and its ornametredery

But what to say with respect to belt of Nica when we want to discover asymmetry in its
ornamentatracery? Here we may be forced to attack this question from another side and ask:
dondt we have to deal her e noodistrikutive code® To wi t h
find distributive function ormpieces ofholograns if any in the structure of code might be

much harder task t hanlfgudtaidtsbutiverfunatientwouglde i on |
real code of belt of Nice, in case we weneeessful in its discovenat present first authos

working in this direction too.

Belt of Nica teaches O Q the aesthetic s in belts of first order

First order ornamental belts are convenient object of investigations because vgpaaky
about some level adesthetis that may be characterizes sufficiently simpyyquantitative
argument Firstly, belt is readable equivalently 1) changing colors to opposite; 2) changing
sides to opposite (with correction of right side turn argument). risiygobelts are coded in
asymmetric codingThirdly, ornamental pattern has balanced color ratio, i.e., already seed of
chaos incarnates relation 4&nd sieve consists from two dual lattices of both colewsrth,

signs in ornamental patter are insep#a i.e., sign transforms to other sign, signs
overlapping form signs, and so on.

The interchange of colors in ornamentia@cery of belts says that belt is readable in both

ways equivalently, leaving space for somestheticor artistic difference in ference to

human psyche. But there is way to read belt in both ways simultaneously, namely, when we
see as if belt in both ways. Then we may start to see belt as if border between two colors,
namely, we do not \whiteeonbAlbd caksign abartenbdtvieenddth or A
colors. After all that is what we are after: belt is the union of two elements, masculine and
feminine. In Latvian tradition this says that belties i gn o f AMUr aGhrisdad me o
tradition may say Asign of Christo.

Modris Tenisons as artist uses rather different way of expression, saying, what we encounter
as aesthetics in Nica belt we must attribute to what belt of Nica teaches us [4]. Thus we must















