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Utinuwghp

Uyu wpjuwmnipyntuntd ubipnljuyug-
unwd bup Gplswth yuppbpwljuu
quinputwpuptinn bt mbuwljut Uhpennubtinh
hpunvwdp upuig puuwljupgnuiu pun
nhuljpbmuyht judptinh: Opuibu hhdp
nunniubiing mbuwlju uyu vhpengp’ vhup
thnpanid tiup hwibdwmwlju
wuglugub] huyljuljui, pyniquiunuljuic
U hupumdwljut qupnuuwhptph vhelt,
npnup nhnwplnud Gup npybu
gbinupybumwljuit twjuwuhpnyeyniuiinh
gnighsubin I, hupyh wnubny upuug
upuwphwgnuijutt thppp, thnpanud bup
wunghy, pb wpynp bnbi bu
thnjuwmqnbtigniyeyniubn mwpwdwljuw
wnnuiny wynew dnm quuynn
wphtiumwynpubinh vholt, wnlw t tintg
wpynpe umbindwgnpdwljuu nplit
thnpuubipngnponyent: Gokup, np pnnn
tiptp Wuwljnypubnhtt hhvuwljuunud
punpnp £ tint punwwuwmhly
hwdwswthnipju uljqpniupn:
buwdwlju wphbumwgnpdutipp twh
uwupumpb bu yhguuyumhly
hwdwswthnuyeyw uljqpniuen, vhis
huwyyulju quppuuwppbinht puinpn) t
pninp whuybph hwpe dwhbptuwhu,
hwdwswth udpbiph hwquuwpwlpyud
pupunudp: Nuuniduwuhpntpjut
wpyniupubippn Yuynd G vyt dwuht,
np wphbumwgnpdubinn giiuwynpuy tiu
hptiug gnpotinp umbindnud thu wuljuiu:

Abstract

We present two-dimensional
periodic Armenian ornaments and
classify them into 17 discrete groups
according to group-theoretical
methods. Using this scheme,
we compare Armenian, Byzantine
and Islamic ornaments,
which we take as indicators of
their artistic preferences and, due to
their geographical proximity, also
as a measure of their mutual
interaction. All three cultures
predominantly used fourfold
symmetry. Islamic craftsmen also
preferred sixfold symmetry, while
Armenian ornamental art is
characterized by a balanced
distribution of all planar symmetry
groups. The results indicate that the
craftsmen created their work
largely independently.



Lhpwonyent

Uwipnlnipjul yjumuntpjuh
nupugpnd wphtiumwgnpdubin nu
wpytiumwgbmubtinp Wwmwwtiv {hpwnt
bu bpnjpwswthwljuu quppupuwueutin:
Qtnupdbhumwlju
umbindwgnpdntientup funpbh £
puntpudgnty vh pupp swhwuhyubipnny:
Unlfuw t hwppe wuppbipuui bwjuptinn
Ybnmnuotnt humwly vbkipny, npp
gqnnipint ntuh wppbu dnmwynpuwy v
75 mwph [1, 2]: Gpgwd dhpnnp
hhdugwd t Gupmwpwutimbinh,
wphtumwgnpoubtinh b wphbumwynp-
qupwtwmutinh Ynnuhg
quppuyumbputipnid Jhpunyguwod
hwdwswihnipyuit mwpntph
vwpbdumhljuljuit npnpwiljh uljgpniupeh
uupugnuu ypw: Unyu wpuumwipn
unpnyh £ hwdbdwmnud Gpbkpe Wpuwuwynp
Wulnypubtinh wpybumh gnpotinp’
hhuuybtinyg ghmwljut wyy vhpngh ypu:
Utitp hwdbdwwmniud Gup Uhshtt Uplitieh
vhettmnwpyui tinkip Wwlnypubtnph'
<uwywuwmwith, Bniquiunhuyh,
hupudwlju wpumupnhh yuppbpuwluu
quppuywulibipibpp’ thnpating
pugwhuwywby, ph wnyne wyu tnbip
wulnypubpnd wngbumh
twpmuwnpwy bnnyejut ninpmubpnud
qnyniegnta b mubgh thnjuwgnbgnieyuin
nunhwunip mwpntin:

Introduction

Geometric decorations have
always been used by mankind.
Artistic creation can be
characterized by several criteria.
There is a strict method of analyzing
planar periodic patterns that has
existed for about 75 years [1, 2].
This method is based on the
mathematical identification of
symmetry elements in the ornaments
used by architects, craftsmen and
artisans alike. The present work is a
novel comparison of the artwork of
three prominent cultures based on
this scientific method. We compare
periodic ornaments of three
medieval cultures of the Middle East,
Armenia, Byzantium, and the Islamic
world, with the aim of identifying
common elements which will help
to understand if there had been
mutual influences in art and

architecture.



Uhus wydu ipywd dlipnyny
nuunwimuhpyb bu utintheh ppswuh [3],
wdbnhlywu hunljughutinh [4],
Oyljhwthuwyh [5], mpphljyu glintiph [6]
Jwu pyniquunuljui [7]
quppuuumlibputpp, vwljuyu
hhpdttwjuuntd ntuntdiwuhpniejwi
2tpmn npywod t tnbkp hujwdw
tipljpugwithwlul uwuptipnh qpw [8]:
Utin wpjuwwmwiipn ubnjuyugund £ vh
hwubdwmwlju ntuntdiwuhpneyntd,
nph tyuwwmwljun £ umwiwg
wmbnbjumynieyni twh wyy
wwljnypubnh dwupl, npnup puwljyby
Lt hwphwunieyudp it npnpwih
twtwwunhutinny 2yt vhuymig htin:

Unwohtt hippht ubnjuyugyniu
tohunypyntuubtinh hwmwljhu, ubpuh
ypuh wwwmbphtt weljw Gpljswth
uwhptinh pynipbnughmwuu
hwippwdpuyht tjupugpiu
hhuntupubinn: Ukue wnwuduwgnty upe
pmptinughwwljut 17 hwpgpe Judptinh
hhdtwljuwi punippwgnpsubinn’
oqumugnpotiny huyljuljuu
qupnpuuyumljputinh opnpuwljutinn:
Uyu hdwumny], uny wpuwmnipjniin
Yupbith £ phuwwplb npuibu
wpybumwpwubinh bk ghmuwjuuubinh
htimwgnunipyniuitbnh hwdwp
wupwnm hnn hwinhuwgnn huyuljui
qupruujuwmltipibph dwiinlinypeh
pnipbnughmuwljut mbGunieju
ubinmontpeyniu:

So far, ornaments of
Neolithic people [3], American
Indians [4], Oceania [5], African
tribes [6], or Byzantium [7] have
been studied, but most
investigations focus on Islamic
geometric patterns [8]. Our work is
a comparative study that aims to
<ain information about cultures that
lived nearby and interacted with each

other in some way.

First, the basics of the
crystallographic plane-group
description of the two-dimensional
patterns on floors, inner or outer
walls are determined. We sketch the
fundamental properties of 17
crystallographic plane groups using
the example of Armenian
ornaments. This is therefore an
introduction to periodic and planar

Armenian ornamentation.



Wuwphwgpuljut nthppny
wuydwiwynpywd® ppowuumyuwd
(hutiiny Wy biu yumbpuwquinn i
pwuynn wpbibpwu b wphdmyu
nidtinny, huybinp umbindby Lu
hnpwpawuubin, npnug punpn) t
quppuuyuwmljiputinh wpwmnyeiniun
U dmnmwhnugnuiutiph
htwumwpwunyeyniup: Ywupkih t wuby,
np npu yumdwlui qupgqugdimi
wnquuhpi t: <Swply £ uwb uphg, np
huyljuljut quppupytiump Unlitipeh i
Unlidnunph dholt ymwubivu pujpwgnn
wwlntpuyht Gpljjununteyui
wnnpyniup t:

Wu nuundbwuhpnipjui uby,
huswytiu mpntiu wyby t, npuytiu
huwdbvwmnipyuit hhup phnwplnuad Gup
17 qupnuuwjuwuyhtt judpbin:
Lhnpjuwwgund Gup wyn
hwppwhdpuhtu qupnutwjuztinh 17
ludptinh phwgpudutinp” mwpptin
wwlntpuyhlt prdptinnud
qupnuuwRtinh fhpwpdw
hwwpwjuwihnipiniun b
hwqyunbunipeyniup gpudhlnptii
hwdbvwmbint tyuwmwiny:
Sinquiunuljut it hupwdwlju
quppuiwpptinh niypnd vhup
oquugnpontd biup uwpuljhintd wpntiu
hpuwmwpwliyuwd uwpjuuwmwuputin: Utn
hwdbdwmwlju ntuntdbwuppniejuit
wpyniupubipn pugwhuymnid Gu
jntpupwlignip punupwljppntpjuun
punpnp quprpuwptinh
wnwidwhwwmlnyeyniubinn, npnup
vbljumpwubiinyg hwugnid Gup wyu
banuljugnteyuu, np wyy wulnypubkinn
ubipluywgunn wphGumwgnpdubtinh
powtntd npltt fwlju
umbtindwgnpdwljuin
thnjutingnponipynit guynueyni sh
niubighy:

Due to Armenia’s geographical
location, flanked by warring western
and eastern forces, the Armenians
created monuments characterized by
their richness of ornaments and
conceptual sophistication.

It is the consequence of history.

But we should mention that
Armenian ornamentation is also a
means of a great cultural exchange:
the constant dialogue between East
and West. For art historians and
scholars, Armenian ornaments can

serve as fertile soil for research.

We take the occurrence of
the 17 groups as a basis for
comparison. To this end, we present
diagrams of plane groups to
graphically compare the frequency
and rarity of use in these different
cultural groups. For the Byzantine
and Islamic ornaments we use the
published work. The results show the
characteristic features of each
civilization, which are interpreted as
lack of intense artistic interaction

among craftsmen.



Ultipnnubin

Amipinughwmnipyniup
ujjupugpnud £ wmmndubinh, pnuutiph o
Unklnyubinh nuuwdnpguontpyntun
tintip ninnnupyniuitinny: Bmipbnuiljut
wnyebnnt wyu Jurnigudpwyht
vhunpubipp unynpupuwin nuuwynpygud
bu jupnquynpguwd aliny:
Uwljtiplnypeutnh wnwyby thnpn
swthnnuiljutinieyntun yupgbgunud e
huwpuwynpnipyntt £ wmwihu witith htipwm
wunpunwptwnt wyy dwltinbiuph
Juwnnigguopuyhtt hwwmljuuhpubphu:
Ulitp unpnn Lup puntpuqnh
dwljinlbnypeh Juenigguopu
wubtwthnpp Ynjuynn dhwgnpp
wwppuljut pohoh, b iplnt
ninnnipjniiiinnd ipw
wmbnuthnjunyeyut thengnt: Swnpwljutt
pooh swthup b hwdwswthnieyniut hp
Ul yupniwnud £ dwliinbnyph
Junnigwdpwyhu nng
mbnblumyniejniup: Stnuihnjuntejuit
[wmpwliujughuyh/ yhjmnpubipp
mwppwiljuit pohep mbnuihnpunid Gu
wupnne duljplnypeny pum
qupnuiiljuphp’ wjuwtiv Yngwd Ppuidth
guwiugh hwdwswthniejut, npp Juipng £
hub 2Enuulyniu, yyung ninpunlynti,
Yhumpnuwgyuod ninnuinlyniu,
pwnwliniuh bt yhgwulyniu:

Methods
Crystallography describes the

arrangement of atoms, ions or
molecules in three dimensions.

In ordinary materials, these building
blocks are usually in an ordered state.
The reduced dimensions of a surface
make it simpler and easier to treat its
structural properties. We can
describe the surface structure with a
unit cell, the smallest repeating unit,
and translation completely in two
dimensions. The size and symmetry
of the unit cell carries all structural
information of the surface.

The translation vectors transport the
unit cell over the entire surface
according to the symmetry of the
underlying lattice, the so-called
Bravais lattice: oblique, primitive
rectangular, centred rectangular

(rhombic), square, and hexagonal.
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Unweohtu nhuypntd’
mbhnuithnjunipejwt yhlmnpubinh dhelt
o wulpniup, husybu b wyny
Yulmnputinh tpljunnuyeyniuubinn
Juwdwywljuu Gu: Lunwljniup b
Yyhgwulpyniu gmugbnnid upwup ntubh
unyu ipljupnieyniup: Gekup, np unyh
ubhpnpupwintejuit humwl
nwunignnuiljuit tjupwgnpnieniup’
hhvuguwo vnitnyquyhtt phvhwyhg
phndwd ophuwljubinh ypw, wmpwehte
wuqud ubpyuywgyby £ <wdununh
nnuhg [9]:

Swppwlju pohopn umbinoymud k
quppuyumljinh dnmhyh ujumdwdp
hmuwyhu-pudpuyht hwdwsmthnieyuh
gnponnnipjntuubtinh fhpwndwdp:
Qpuup Gu goh ujumdwdp huytiughu
wunpuupattbinn b dwtiplinypehu
ninquhuyuwg wnwugph pning
wmnywmubnn, npnup dnnhyn stku
mbnupupdnud dwljinlinyeh Gnljuyupeny:
Uyn wuwmtwnny t, np dnmhyp twl
Ynsynud £ hhdtwlju mupp: <ugbjuygh
wunpuupap wuwlynmu £ m-ny, huly
wunywh fupgp ipwawljynud £ n-ny
npnpynid L yymmdwl wulyniuny’ 211/n:
S<winp guwughph gphupntd
YEmuw hu-judpuyht gnponnnyeyntaibinh
hwdwnpnipyniult wnwy £ pipnud twb
unp hwdwsuth gnpdonnnipynit’ uwhnn
wunpunuina g: Uum yuwmljipuuynnp
Juiptith tpugumpty wiugh ypu dumgnn
wy b dwpu ninbwhtimptinh opnhuwyny,
npp puniugud thuybipuyhu
winpunupahg b hinwynpnieyut Yhuh
swthny mbnuithnpuniejntithg:
Unyyniupnud” ghwnwnlynn bwjuztinn
wuwmluwund ki ppnipbnughwmwui,
hwppe nhuljpbwmuyht 17 fudptinh:

In the first case, the angle between the
translation vectors is arbitrary, as are
the lengths of the vectors.

They have the same length in the
square and hexagonal lattice.

A clear and instructive introduction to
the methodology, including examples
from molecular chemistry,

is presented by Hammond [9].

The unit cell is generated by
applying point- group symmetry
operations to a motif.

These are mirror reflections over a
line and rotations around an axis
perpendicular to the surface and do
not move the motif in the plane.

This is the reason why the motif is also
called the fundamental unit.

The mirror reflection is designated by
m, and the order of rotation is n,
defined by 211/n. The combination of
point-group operations with the plane
lattices induces a further symmetry
operation, the glide reflection g.

It can best be described by the
footprints on the sand, which consist
of a mirror reflection and a
translation of half a distance.

The resulting patterns belong to

the 17 discrete crystallographic

plane groups.



fouptinh mbuntpjul oqumugnpdonivin
huwnwynnpnipejniu £ mwhu
vhwipwuwlnpbkiu puntyppwgnhi
dwliinlinypeh quenigwdpn, husutiu
uwlt oqunud £ Ubiq hudbduwwnbiy mwppbin
unnigqudputin, npnup, Ypghytinen,
hwugbgunud Gu wnieh mwuppbn
dwlnnulnu hlf hwmynipejniuubtinh
pugwhuymdul :

<wywmih t, np pynipinuyhu
wnipbnh junniguoph uyu
ujupugnnieyntup hhuugwo t pdpbinh
mbtiuntejut Yypw bk Wyuliyby £ 19-nn
nuiph dwpbdwumplnuutinh nndhg [10]:
<tmwquynud® 1920-wljwuubnh,
Onjhwywt ujupwgnby Eugu
wiwnghwit, npp gnjnipyni niith
dwlbphnypuyht
<pniphnughmnyeyui>> ik quuwquin
hwnp, wuppbpuljuu twhptinh dhel,
husyihuhpe G® Yumbtinh yuwuwmwnubtipn,
gnpoywoputinn, hwmwlh twpptinn
wyiu [11]: Upnyiinhg dninwynpuwtiu 20
mwph yuhwbeybg® wuyugnighint tduiin
unmbigdwi 6pwmnipiniun’
niuntdbwuhpbny huyuuhwyh
Gnubwyw pwnwiph Uthwdppw
wuwwwh quppubwjuptinn [1]:
Siniptinughmwljui yepmidnientun
huwpuwynpnieyni mybg hpuljuttug by
qupppuuwhtinh (hwunpdbp
ujupuwagnnipintup, husuibu twl
nniphtt pupanpbkg nputig
thwumwpnewynpnudn:
b hwbnudu, wyn wpyniupubinn
hwdwnybght Wyuljnyeuyht udpbinp
punpnpnn hwwmYnipeyniuubp [5]1:
Wuwhuny, Uynyinh wuwmwuputipn
huwpwynpnipyni mybkghtt ipyuwd
qhmwluu vhpnyp fhpunl muppbn
puquipwiljpntpjntuutinh
qupputwjuptinh Ybpmidonyeymi
hwdwn:

This allows an unambiguous 11
characterization of the surface

structure and helps us compare

different structures that can lead to
different macroscopic properties of

matter.

This description of the crystal
structure is based on group theory
and is established by the 19th century
mathematicians [10]. Later, in the
1920's, Polya introduced the analogy
in the description of all periodic
planar patterns, such as wallpaper,
fabrics, floor ornaments, with surface
crystallography [11]. It took about 20
years for Muller to prove this
conjecture by analyzing the
ornaments of the Alhambra Palace in
Granada, Spain [1].

The crystallographic description is
rigorous and easy to document.
Additionally, its results have been
considered a characteristic feature of
a cultural group [5]. Consequently,
Muller's work paved the way for the
application of this method to
ornamental patterns of different

civilizations.
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pigi
Liuwp 1: n=1 yumwljuu fupgny snpu ubpjuyugnigswljut judpbipn: p7-n
wecTmi-uhwyluljuu tiu, pImip b p1gTn’ priquunuljuii:

Figure 1: Four representative groups of the rotational order n-1. p7 and c1m1
are Armenian, p7m1 and p1g1 Byzantine.



Swyluljut qupnuittmjuptinn
by hwunp 17 udptinn

Unmnwhuymswljuunt eyt
thgngubinh Ypljuwlih wpdtputinh
thnjujuwyuljgnidp huyuljut
twnmwpuuwbimnipjuun bk punph
wwmwupubtinh punnn)
uljgpniuputinhg vtlu £ <uyluljuiu
qunpuuw i binnid Gppwswthwljui
Juwmwpw) abip fuumnpbiun yhpwhulgnud
E hwdwswihnipyuit htim utinpmnptiu
wnbsynn dwphdwmhljuljui
ophkiipubinny: Uyn hulj yyumbwnny,
wyu pudund vkup Joquugnpdtiup
hugulju qupnuuwhtinh
ophuwlubtin' ubipnluyugubtiint
pmiptnughwmwljui hwnppe
dwlipbuuwyhtt udpbinn” uljubiinyg n=1-hg
vhush n=6: Utin 118 udnipubtinhg
punjuguwd hujupwdntu
utinuywgynid t 17 huwpwynnp
judptinhg 13-ny [12]:

Umnpl ubpuywgynn quippubwjutinp
huwyjulju Gu* pugwnnipjudp
puguwiljuynn 4 fudpbiph: Glwup 1-p gnyg
t wmwhu 4 uwpbp' p1, p1m1, p1g1,
c1m1, npnughg tnynuup hwyuljut
wulynypehg tu yingguod:

YQuiynywm ujwpubtpp ubpjuywgunid tu
wmhnuthnpunipyu Yhljmnpubinp, npnup
nunhwiunin G pninp twuptinh hwdwn:
Lnwup wnwbdiwgund G mwppuljui
pehen, nph bqntinp vwhdwbwihwlgwod
L ult pupuly gotipny b pungdywod tin
umybinny:

Armenian ornaments and
17 plane groups

The exchange with double
values of expressivity is one of the
characteristic principles of Armenian
architecture and stone work.

In Armenian ornamentation, the
geometrically perfect form is strictly
controlled by mathematical laws
closely linked to symmetry.
Therefore, in this Section, we use
examples of Armenian ornaments
for the presentation of the
crystallographic plane groups,
starting with n-1 through n-6.

In our collection of 118 items 13 of
17 possible groups are represented
[12]. The ornaments listed below are
Armenian, with the exception of the
missing four groups.

Figure 1 presents four patterns, p7,
p1m1, p1g1, and c1m1, two of
them from Armenian culture.

Blue arrows are the translation
vectors common to all patterns; they
span the unit cell, which is bounded

by fine black lines and shaded.

13
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Swppwlwu pegh® wiftith pug
gnyuny punqoyuwd hwwmywon twhiph
dnmhyu t: p7-u wdbuwwywng nhuypeu t,
pwiith np mwppwljut posh ubipund sl
hwdwswthnipjut mwpntin I,
htimbwpwp, dnmhyu mdpnnowljuin
mwppuwljut pehot £ Numuwhwljuinptil,
mbnuiphnjunipjul yEljmnputpp
thnjunimnuhuwywg Gu wyuuybiu, np guiugn
wwpng ninnuiulpgnia £, b wyu junudpp
wwuwliby Gup p, c-u wpuwhwljnd £ mwupp’
ninullpywt dhsmbinnud: dwumwgh, p1
unuipp Jupny £ ubpnjuenigyb Lnuyth
Juuuwywljui guignid: Wumbn
ubnjuywgywod twjupp yupnihwlnd k
tynintinh ytig hwmnuiutin: Umnphu dwipu
hwwmywohg nbiwyh Ytinhtt we hwmywon
aqynn gyninp hwmnud £ Ytinhtt dwju
Unnuhg ntiyth umnph we hwmywd
quugnn Gninp: Uyu ghquyup Ypliugnod
wdpnne twppny vkl b juujund
huytijuyhtt hwdwswthnieju
weluynipyniupn: Swdwswhntpjui
mwppbnh mbuwulpyniihg mwuppuwljui
pehon wwng b, puntpwgpynud £ wbih
gwon hwdwswihnieywdp, vwljuylt wy
hwpumwgunud t quppuijupn®
hwnnpnbinyg upwi Yhnd pnpnipyniu:

<wenpy uwpupp' pTm7-u, niuh
mnnuhuyuwg huybjuyh
wpmwywmlbpdwiu qotin, npnup
gowgpnid junpdhp i b punpnpnd G
uwuph hwdwswihniejut
hwmluuhpubtipp: Unmhyp mwppuljui
pooh Yhuu t: Sugljulfutt hwipuptinh vbin
ntibigwd uvinpubinnud sh hwennyby qunuty
udwl uviph nplt oppuwly:

The lighter part of the unit cell is the
motif of the pattern. p7 is the simplest
case; there are no symmetry features
within the unit cell and, therefore, the
motif is the entire unit cell.
Accidentally, the translation vectors
are perpendicular to each other, so
the lattice is a primitive rectangle
with the abbreviation p at the
beginning of the group code. A ¢
would denote an element in the
middle of the rectangle. In fact, the
group p1 can be embedded into any
Bravais lattice. The pattern shown
here contains six sections of
branches. The branch running from
bottom left to top right cuts the
branch running from top left to
bottom right. This design is repeated
throughout the pattern and prevents
the existence of mirror symmetry.
The unit cell remains simple in terms
of symmetry, which is reduced and
enriches the ornament with this
false in-depth character.

The next pattern, p7m1, has vertical
mirror lines that are red and describe
the symmetry properties of the
pattern. The motif is half the unit cell.
The diagonals of the rhombus
correspond to the sides of the
rectangle. The motif has half of the

total unit-cell area.



Lhpjuywgqud ophuwlip
Ytingywo t bmwihuyh Jhutinhly punwph
pntqunuljuit Unipp Umplinuh
wmwbwph dupdwph uwhljubinhg [71:

Cunhwipuwbiu pehep Yupnn t
hub ninnuiulpynia ud puewljniuh:
p1g71 unudpu wnlfw st huyuljui
wpybumnid: Byniquunugh
wiphtumwynpubint Gt oquuignpotiy wyu:
Wuwmbn dvhup hmunhuynd Gup
hwdwswthni eyt Ukl wy gnponynipyui’
Qs uwhnn wmunpununad g-hu:

Gnp hwytipuyhtth t uwthnnh dholt u
mwpwowlju hwdnulund, huybyuwghun
thnjumphting £ hwughuwimd : Uyu gug
nunhwipwuy v ninnuinlyniu t: dbpsht
uwppp, nph nhypnud n-1t, cTmi-u t,
Eumpnuwgyud ninnuiulyni pohy t:
Swnpwljui pohon yupniuwlnd t et
huybuyht, el vwhnn wunpunupautbn,
npnup htippwljuunyeyudp updynd Gu
hpwn gniquhbin: Lwth np muppuwljui
pohot wiibiwthnpenp Ynluynn dhwnpu t,
wupwwrhnp st, np wdpnng nuublyniunp
oqumuignpndyh: Gpw Yhumpnuwljuu dwu
wwpniuwlnn hwmyuwon wnpyhu
puupwp mbEnGljuwmynieiniu &
wupniiwlnid: Ghinuulyumu
wulpntumgdtinn hwdwwwmwupuwitnid
L ninnuiulyw ynnutinhie:

Unuhip qpunbgumu b mwppuljub pegh
nunhwunip vwbintiuh Yhunp:

An example tfo this group couldnot 15
be found in the collection of
Armenian ornaments and is therefore
taken from the marble pavements of
the Byzantine church La Basilica di
San Marco in Venice, Italy [7].

In general, the cell can be rectangular
or square. The group p1g1 is also
not present in Armenian art and
therefore the Byzantine counterpart
is used. Here we encounter another
symmetry operation, the green glide
reflection g. When there is a spatial
coincidence of mirror and glide,

the mirror supersedes. This lattice is
generally rectangular.

The last pattern with n-11is ¢c1m1, a
centred rectangular cell.

The unit cell contains both mirror
and glide reflections, which
alternately run parallel to each
other. Since the unit cell is the
smallest repeating unit, the entire
rectangle does not have to be used;
the section with the central part
contains sufficient information.
The diagonals of the rhombus
correspond to the sides of the
rectangle. The motif has half of the

total unit-cell area.



p299 c2mm

p2mg

Lljwn2: n-2 wmmwljub fupgh hhug uipjuyugnigswluu udpbin:
Lnnpquppubwuptinn hwyuljuu b, pugupnipyudp’ p2mg:

Figure 2: Five representative groups of the rotation order n=2.

All ornaments are Armenian, except p2mg.

Lliup 2-nud phipgwd b yyummwlju n=2
[upgny 5 wwuptipp: Upluwlh

hwdwswthnieniup tujpwinpmd E uymnym
2m/2-180° wulpniuny, npp ubipfuyugyuid
toinuulpwi mbiupny: Gnynuyejniu ntutin
Unyuwlh yunmwljut hwdwswthnieyuwit
snpu mwipptin mhuyh wewugputin: ‘Gnyu
wmhuyh wmewugpubnt niubiu unyu gnyun:

Figure 2 displays five ornaments with
the rotation order n-=2. A twofold
symmetry implies a rotation of
211/2=180° about an axis represented
by a diamond. There are four
different types of twofold-rotation
axes, while the same types of axes
have the same colors.



p211 untdpp Gupbih t
nuuwlupglip fpuybh® hhug
huwpwinp mhytph guugtnhg utiljh
htim: Wyumbin wyl ntuh ninquialywi
wmbtiup: Unmhyn qpunbiguntd £
wwppwlju peoh Yliup:

Uyu qupnuiiwjupn yupntawlnud £
nunhwwmynn gnnhubinh dwubinp, npnupe
£l uwjupht hwnnpnnd Gu wuptignighs
gtintighniyeyni: p2mm junidpl nith
huybtijuyhtt hwdwswihnipyniabin” tpne
thnpjuninpuhuwywg minnnipjniautipny,
npnup hwmynd G Gpuwlh
yunmwljut wnwhgpubinh dnm: Rohon
Jwpnn Et ntubitu ninnuilynia jud
pwnwlniuh mbup, hulj Unmpyn
qpuntigunud b mwppwuljul pogh
pwnnny hwwmgwon: <wonnpy junidppn
p2mg-u t, npp wupniuwlnd t hpwup
ninpuhuwywg huybjuyht it uwhnn
wunpunwpautin: Anynieintu niubiu
snpu mwppbin mbuwlh Yphuwlh
wummwlju hwdwswth ninnniejniubn:
Looh Junnigywdpl ninquulyniu £, hul
unmpypn qpuntigunud E muppuljuic
pegh pwpnpy dwup: Uju fjunudpp
hugjuljutt qupnuiwhptinh dbye sh
huymuwptinytiy, b ubpluyugyud
uwpn yipngywod t dhutimhlh Unipp
Uwiplnu pyniquuguljui Glknkgnt
dwndwpnb vwjwhwwmwlhg [7]:

The group p211 can fit into any 17
type of Bravais lattice among the
five possibilities. Here it has the
rectangular shape. The motif
occupies half of the unit cell.

This ornament contains parts of
discontinuous bands that give it a
fascinating appearance.

The group p2mm has mirror
symmetries in two mutually
perpendicular directions that
intersect at twofold-rotation axes.
The cell can have a rectangular or
square shape, and the motif is a
quarter of the unit cell.

The next group is p2mg. which
contains mirror and glide reflections
perpendicular to each other. There
are four different types of twofold
directions. The cell structure is
rectangular, and the motif is a
quarter of the unit cell. Also this
group is not to be found among the
Armenian ornaments, and the shown
pattern comes from the marble
pavements of the Byzantine Saint

Mark's church in Venice [7].



18

n=2-ny punipwugnynn hwonny
unudpp p29g-u t: Swugp Jupnn t huby
pwnwlniuh Jud ninnublpyniu, bk tpum
mwppwljul pohon yupniuwlynid £
uwhnn wunpuyupaubin Gplyne,
thnjuninnuhuwywg ninnniejntuutinny:
Uwhnn qotin wugunud tiu wyymnywmh
wewigpubtinh vhotwdwuny: Unmhyn
qruntigunud b wnwppuljuilt pegh puinnny
dwup: c2mm unwdpp Yhumpnumgyud
ninnuiulyniu pooh vh dwuln t:
Uy puntpugpynud k4 muppbipn mhuh
Unjuwlh hwdwsmihniejw
wnwugpubtinny, npnughg jnipupwingnipny
wugunid bu 2 untdp uwhnn
wlnpuwpawliui gotinp, hsuitiu twle 2
unwip hwybjuyhtt munpunuinah gotinn:
Unwhtp qpunbigunud ©wwppuluitt posh
dwljipbiup pwnnpy dwup:

A

The next group with n=2is p2gg.
The lattice can be square or
rectangular, with the unit cell
containing glide reflections in two
mutually perpendicular directions.
Glide lines run halfway between the
axes of rotation. The motif is a
quarter of the unit-cell area.

The group ¢2mm is part of a centred
rectangular cell. It is characterized
by the presence of four different
types of twofold-symmetry axes,
through each of which two sets of
glide-reflection lines and two sets of
mirror-reflection lines pass.

The motif occupies a quarter of the

cell area.

p3

p3m1

p31m

Ljwp 3: -3 yumwmwljul jupgh Gplip iipuyugnigswju udpbn:
pP3M1-h opptitwlpumbtindqwd £ hwdwljupgsh vhongny:

Figure 3: Three representative groups of the rotational order n=3.

The example for p3m1 is computer generated.



Lliup 3-n gnyg L mwhu n=3
wuwnwluwi Jungh bpbip udpbip:
Swppwljuwt pohon 2tinuulyniu £, pugdwi
wulyniup’ 60°: Udhwwwpng funuwipp p3-p,
npp ywpniiwnud tpl’ wunpunwnautip,
Pt uwhnudutin, bk wyumtin wnljw tu pntip
mwppbp Ghwdw| wmnywubkipn, npnup
utinjuyugywo tiu thnpn, gniuwynp
tnwulpyniatinh mbupny: Unnpyn
qprunbigund £ mwppuwlju peeh vkl
tinpnpy dwun:

Swgnpy ipljnt fudptipnp
hwdwwyumwuppwind G hwytipugh
hwdwswihnipjui mbtuwljhu: p3m1
udpnid huytijuyht wmpumwwwmypdwi
qotinp ninuhwywg G mbnuithnjuntejwit
Jbulmnputinhtt bk mughnd L tewljh
wummwljub hwdwswihnipjul pninp
wnwugpubtinny: Gpbkip wsph nuljunng
ninnnipyntautinpny uwhnn qotinp, npnup
qniquhtin tu huwybjuyhuubipht, wmgunud
L wunpunupbddw wpwugpubinh
Ubombtinny: Uyu udphtt yyuwmljuing
quprubwfbinp uwwyuehy tu:

Uy hulj wyuwnbwnny, vhup ubpljuyugumd
Lup hwdwljupgsny umbindywod twpipn:
Ujnwu Ynnihg p37m punidpu wiybith
wungqniuwl £ huybijughu
hwdwswihnipjuu gdtinny, npnup
Juqunud tu phinuulpyuu Ynnutinn
wigund b inwdw] hwdwswihnipyudp
uh whuth wpwugputinny (juph ypw
wYwd tu updhp gnyuny): Unwu Gplnt
tinwljh wewugputinny ns vh wyy
hwdwswihnipju ghd sh whgunud:
Uwhnn wmunpunwnpaubin intip
ninnnipjniitinny G b wugunmd Gu
huwytijuyht gotinh Ubhembtinny:

dhpshtt iphnt judptinh hwdwin dninhdubipn
wyupw b, np uqunid Gu muppuwljuic
pooh ulil yighpnpy dwup:

Figure 3 presents three groups with
the rotation order n-3. The unit cell
is a rhombus with an opening angle
of 60°. The simplest group is p3,
which contains neither reflections
nor glides, but three different types
of threefold rotations, represented
as tiny coloured triangles.

The motif is one third of the unit
cell. The designation of the next two
groups follows the types of mirror-
symmetry lines. In the group p3m1
the mirror lines are perpendicular
to the translation vectors and pass
through all threefold-rotation axes.
The glide lines in three prominent
directions parallel to the mirrors
run halfway between the reflection
axes. Ornaments belonging to this
group are rather rare. Therefore we
present a computer-generated
pattern. The group p37m, on the
other hand, is simpler with
mirror-symmetry lines forming the
rhombus edges passing through one
type of threefold symmetry axis
(the red ones in the figure).

No symmetry lines pass through the
other two threefold axes.

The glide reflections are in three
directions and run halfway between
the mirror lines. For the last two
groups, the motifs are as large as
one sixth of the unit cell.
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Ljwp 4: n-4 wumwljuu Jupgh iptip Wbpluywgnigswlju udptin
Figure 4: Three representative groups of the rotational order n-4.

n=4 wummwlwh Jupgny odmud
qupnuuwppbnt wdhuwhwéw
hwunhunn mwpwmbuwlu u i
Yhpuwnynd Gu pum wywlnypeubpnud:
Lliup 4-p ubipuywgunid t p4, p4mm i
p4gm tintip huyluljuu qupnuiwpupbin:
Pnnp tiptip mbuwjutinh hwdwp
wmwppuljul pehep pwnwljniuh t,
npnyhbimle wyl ntuh pwnwlih yumwljui
punipwghn: Anmnp intip judptint niubin
pljumyuwd punwljh hwdwswthntpjuu
wnwigpubinh tpnm mwppbin mbGuwljubn,
npnup gnigunpyud b thnpp gnitawynnp
pwnwljntupubinh mbupny:

p4 ludph unmhyp mwppuwljui pesh
pwnnpy dwult t: Qyumbin ubinljuyugyuo
uwppp wuwmdwlwunpb huwpwynp £
quubii mwppbn Wulnypubpnu:
Yuiplnp t uphy, np dhouwnwnh
huyljuljut qupmuinybiump hwbinhuwbinud
t hbpuwunuuljuu dudwuwlppowh
wpybumh wljutiph dwnwgnpyn:

Ornaments with the rotational order
n=4 are the most frequently used in
many cultures. Figure 4 illustrates
three Armenian ornaments of p4,
p4mm, and p4gm. For all three, the
unit cell is square because it has a
fourfold rotational character.

All three groups have two different
types of fourfold-symmetry axes,
represented by tiny coloured squares.
The motif of the group p4is a
quarter of the unit cell. The pattern
shown here can be found in all
cultures throughout the history.

It is important to mention that the
ornamental art of the Armenian
Medieval Ages is indebted to and,
in fact, is the unmistakable legacy of
the pagan culture that came before.



Quipnnpuuwhptinh httm vhwuht'
hnpwnpawuubtinh, yuupbnh,
ttinkighutinh, pwspwpbnh Yypw
hwjmwmwn wpyuwod
wpawbwgnniejniittinn, dinwghn
dwwywutbinp b phnpumphy wpybumh
(Gpuwuhlw, wnpowye, nuljh, thuywm
mnp) udnpubp wyy
dJudwbwjuhwmyuoh <uywumwith
ulnypeh dwuht mbnbljumyniejw
hwpnuwuwm wnpnip Gu hwinhuwbnd:
Swidwwumwujuw it pun, huwguljui
quppuuwptinn gnpodwdynid thu ng
thuwyt npuibiu qupyupwiupubtn, upwie
Swruynd thut il npuibiu jniputhwmnty
wpwuubtinh (kgnt, Uhusybtin wyy
wuwljnypubipnd qupputwpbint witith
onun dwnwyhip Gu nputiu nhnpumhy
wmwpnpbin:

<wenny funwdpn p4mm-u t, npu
ntuh huybijuyhtt minpunwipaubin
pwnwlniuh gmugh Gplnt hhitwlui
ninnnipjniitbpnud: b hwybnudu, Juu
uwlt huytipuwyhtt munpuyupadwit gotin
tinlnt wulpniuwgdbnny: Snynipyntu
ntuh tpljulih yunymh vkl mbuwly, nph
wnwlugpl wugund k punwljntunt
jntpupwsgnip Ynnuh fhuny: Uwhnn
wunpunwnpah gotnu wugunid Giu wyu
Epuh yunmwljuu mewugpubtinny:
Unmhyn fuqunud t muppulju pooh
ubil] nipbipnny dwun: <wgnpy uwhuiptn
nith htimwpenehnp al, npp punpnp &
uwhnn wunpunwnpahle: fonudpp p4gm-u
E tinljulih wymnywh vh whung b
pwnwlh hwdwswuihntipjuwb wnwugph
tinlnt mwpptin mGuwubtinny, npnup
huytijuyhtt ypumybinutin tin: <uybtijuyh
wunpununpah qotipp agynud Lu Lpynt
ninnnipjntiitipnny b thwgumu tu
puwnwljnunt Ynnutinh Yhumpnuubinn:
<wnl t uphig, np uwhnn wunpunuipdh
qotipn qniquhtin Lu pwnwliniunt
Ynnutinht b upwug htim Junpnn tu
Juquti] 45 wumhbwuh wulpyniu:

Together with the ornaments,
inscriptions in Armenian script on
monuments, monasteries, churches,
khachkars, manuscripts and samples
of decorative arts (ceramics, silver,
gold, wood and textiles) provide a
rich source of information about the
culture of Armenia at that time.
Accordingly, Armenian ornaments
functioned both as decorations and
as a unique sign language, while in
other cultures ornaments served
often as decorative elements.

The next group is p4mm which has
mirror reflections in two principal
directions of the square lattice.

In addition, there are mirror lines
through both diagonals. There is
one type of twofold rotation that is
halfway in the middle of each
square side. The glide-reflection
lines pass through these twofold-
rotation axes. The motif is one
eighth of the unit cell. The next
pattern has an interesting shape
that is typical of the glide-reflection
character. The group is p4gm with
one type of twofold rotation and
two different types of fourfold
symmetry axes that are mirror
images. The mirror reflection lines
are in two directions and connect
the centres of the square sides.
However, the glide-reflection lines
are parallel to and, additionally, at

450° to the square sides.
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Liwn5: n-6 wummwlwu Jupgh tphne ubinluyugnigswljuu judptin
Figure 5: Two representative groups of the rotation order n-6

Jhpswuytiu, uljup 5-p ubinjuyugunid £
n=6 —ny tplnt judptin: Gplnwu b niubin
hudwswihnipyut punhwunin
hwwmljuupputin: Smugn Yyhgwulyniu t
hnuiulpyni mwppwljut peony:
Gnyniejnilt ntuh Yyhguwjh
hwdwswihniypjut wmnwugpubtinh vkl
wbtiuwly, npnup Yo Lt thnpn
Yhgwulpyniuubinny:

Gnwljh hwdwswthnipyut tpljnt mhuih
wrwugputinn vhtjutg Wjumvwdp 180
wumhbwith ypw Gu, huswybu® Ypluwljp
wunywmh pbkip Yhumpnuutinn 60
wuwmhtw yumnymh nhiupenu:

p6 tuntdpp snith vis uwhnn, ris hugbpuyh
wlunpwnwnaubtin, hull p6mm-u niuh W
huybijuyght, W uwhnn wunpwnwpautin:
<wybipuy ht minpunupavw pninp gotint
wugunud b yhguljuu hwdwswthniejuin
wowugputinny, 30° wumhtw
humbpguny: Guwtwwbiu uwhnn pnnp
qotint wugunud tu Ypljuwlh
hudwswihnipyut wmrwugputinny, unphg
30° wuwmhbwl pumbinguiutinny:

Uuw huny, uwthnn qotinp qniquihtin tin
huytijughtt gotipht bk wiugunid Lu npuug
ubiymbinny: Unmpyubtinp
hwdwywmwujuwwpun qpunbgund
L mwppuljut posh vkl ytigtinnpy b vkl
mwuubnyniipnpy dwubipn:

Figure 5 finally shows two groups
with n-6. Both have common
symmetry properties. The lattice is
hexagonal with a rhombic unit cell.
There is one type of sixfold-
symmetry axis, which is
represented as tiny hexagons.

The two threefold-symmetry axes
are related to each other by a
rotation of 1809, as are the three
twofold-rotation centres by a
rotation of 60°. The group pé6 has
no glide or mirror reflections,
while p6mm has both mirrors and
glides. All mirror lines pass through
sixfold-symmetry axes at an
interval of 309, and similarly, all
glide lines pass through twofold-
symmetry axes likewise at an
interval of 30°. So glide lines are
parallel to the mirror lines and run
halfway between them. The motifs
are a sixth and a twelfth of the unit
cells, respectively.



Quinpuitujuztiph
hwtwhwljuuntieyntun

Lwpunpy pwdund dbkup
uljuwpugnkighuip nhuljptivn hwpgpe

pnintinughmwlui 17 udpbipp: Uydd

g Yunubup huyjuljui,

pntqunuljut b hupwdwljut dwquwit
qupnuwhptipnid hwunhuwnn hwngpe
udptinh pwuwhut b fubnuywgubtiup

wnwuahtu juiptph
hwwhiwljuuntpeyntun:
Uju punupwlppentpyntattinh vbip

nuwmpnipyniup hhduaguwo £ wyt thwuwmh

Unu, np uyu Wwinypltipng pupkp
wpnitwl byt Gu hwphwuutin:

Swpp quppuitwpipuwyhtt udpbinh

Yhpnonipjut wpyniipnid unwugyud

nplt hwdpujund fud ppu
pugwluynipyni joquh npnptiy, ph
wnynpe wju wlnypubpnd

qupnunybuwmh ninpmnd wnljw £ inhy

nplt thnpuubingnponyeyntu ud
thnjumqntignieynti:

Qhmwnlby tup dtiq hwuwubiih
118 huylulyur [12], 730 pniquiunwiljuiit

[7,13] it 249 wpwpwljult
qupnuuwhpbip [14]: Uyu pytipp

puduljut ukid i hwdlwwyumwujuwn
Jhwljugpuljui hwdbdwmnieintu

Juwmwnbknt hwdwn:

Frequency of ornaments

In the previous Section, we
have described 17 discrete
crystallographic plane groups.

Now we focus on the number of the
plane groups of the available
Armenian, Byzantine and Islamic
ornaments and record the
frequency of each individual group.
Our choice of these civilisations is
based on the fact that these peoples
have shared the geography of
Western Iran, Eastern Turkey and
Northern Mesopotamia for several
centuries. Any coincidence or lack
of the plane groups can be used as
a measure for artistic interaction.
We have 118 Armenian [12], 730
Byzantine [7, 13], and 249 Arabic
ornaments [14] available.

These figures are sufficiently large
to allow a statistically relevant
comparison. We note that the
craftsmen were not aware of the
modern group-theoretical
treatment of symmetries. If they
have preferably created a certain
group of ornaments, we must
consider this fact as the artistic
inclination of the artisans, which isa
component of this particular culture.
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Auwljuu t, np
wphbumwgnpoubtinn mbnjyul sthu
hwdwswihnieyu udpuyhi-mbuwljui
dJudwumluljhg vnimbignidubinht it Ltk
unpwup twpipnumnpby Gu unbinoty
quprulwhptinh npnywjh junudp, dhup
wyu thwump yhwmp t nhunwnpbupe npuybu
wphtiumwgnpoubtinh ghinupybhumwljuu
hwljnud, husp twl wmyyu Huinypen
punpnpnn mwipp t:

<wyluljut ik hupwdwlju vh
unp quprubiwupbin, suugwd hpljswth
lhubni, Gppnpy swhnnuijuunteyuin
uby hupwdwltntiuwht 2tinm
niubuwnt muyuynpnipiniu b pugund:
Luwi myuwynpnieynit umbindynud £
uwhptinh wmpwudhtt mhpnypeutinn
anitipny Ywud ubin ptipmbpny, wyi ns ph
qobinny pwdwiubiihu: Uu hwquuwup
wpwewgunu £ npnpwiljh minpnpnipynt’
wnyrip wbhwp b qupnubwhpn
nhuwplib npubu bpljsuh, et bowsup?
hipmuwynp hwdwiswith fudpbinp
Inpduhquh ppewtwjubpnud (2, 9]: Uju
nhuypnd uuptiph pwtwlp dhdwund t
17-hg" hwuubtiiny 80-h: Ghipmwynpyud
hwdwswthnipjut yhpnidnipniun
unynpupwpn Jhpwnynd tmbpumhip
Jud jupuimubinh nhiuyipnud, npnup
hpwljuiund punugud G mnuyguqh
tipynt pinmhg, uwljuyt ns hwipgpe
dwltptuny qupnuuwptipnh nhuypend,
npnup hnpugnjud b pwuph fud
dwpdwph ypw b ntubin 6ogphm swithubip,
Jud nuuwynpyud G hwmwhtt npubiu
uwhljubin:
huywmdwjui hwdwwwmwuprut
wnpninn [14] ubipljuyugunud £ Gplnt
hwpjniphg wytith qupyuiwpuztin,
npnug qnitinp Yhpwoyhy b qotinh’
thnpabtiiny puntuwthtiy wmunpnpnyeyntithg,
suuywd wyu gnpopupwugn kpphdu
Yunnn £ thnjubtip quppuwjuzh
hwdwsuihnipywi hwmljuihpubipn:

Several Armenian and
Islamic ornaments, albeit two
dimensional, give the impression
of extending into the subsurface
layer in the third dimension.

This is achieved by separating
areas of the pattern by stripes or
ribbons and not by lines. This issue
leads to the ambiguity of treating
the ornament either as two
dimensional or three dimensional
within the formalism of layered
symmetry groups [2, 9]. In this
way the number of groups is
increased from 17 to 80.

An analysis using layered
symmetry is necessary for textiles
or kelims, which in fact consist of
at least two layers, but not for
plane ornaments that are carved
on stone or marble, which are
precisely shaped and laid as
pavings on floor.

The comprehensive Islamic source
[14] presents over two hundred
ornaments after transforming the
stripes to lines and avoids this
ambiguity, although this process
can alter the symmetry properties
of the ornament.

To illustrate this topic we
present in Figure 6a a photograph
of a stone from the garden of
St. Grigor Bardzrakash Monastery
in Lori Province, Armenia.

The ornament carved in stone
contains crossing bands, and its
precision is a fine example of
Armenian art. Figure 6b is the line
abstraction of the same ornament
with intersecting bands that
separate different areas from
each other. It is rotated clockwise
by about 36° relative to the stone
ornament to align the translation
vectors with the horizontal and
vertical.



Uyu phvwi yyumbpuynn
ubipfuywgutiint hwdwn dhup uljup 6a-
nud phipky Gup <ujwumwith Lnngw
dwingh fupapwpw Unipp Qphgnp
Juiph muwpuopnd mbnuljuyyuwd vh
quppuiwp pwph nuwuljun:

Lwph Ypw thnpuwgnjud qupnubiwpun
wuwpntiwlnud t pwsynn hmugnygubin’
hpwljuumgywd qupiwiiuih
G2gnuntpjudp, hisp punpnp t
huwyljuljutt ginunytiumpii:

Uljun 6b-u unyl qupnuiwpuph gdwyhu
wuwwmlbpnudu © ppwsynn
hwugnygubinny, npnup mwnptin
mhpnypubnp pudwunud Gu hpunhg:
Ui wpmmmynud E dnmuwynpuuitiv 36°
wumhtwuny’ dwdwgnygh ujwpeh
nunnipjudp, pwph qupputiwjuh
uumdwdp’ mbnuthnjuntipjui
ybhymnputipp hnphgnuwluiu b
ninnuhuywg biu: Ulitp wipwuduwguntd
biup mwppuljui pohop’
uwhdwtwthwljuwd mbnuithnjuntejui
Yhymnpubtipny, npnupe ninnuhuywg tu
vhijuug ujumdwdp, wyuhupu' guugh
mbuwlu ninnuiulynit £ WQuwmbn wnlju
Eu Ynyuwljh ypummwljuu wmnwugputinh
tnlnt muppbp mhutin, npnupe Yo Gu
thnpnhly 2inuulpyniuubinny:
Luguwljuynud G hwybipuwghu
wunpunwpaubn, vwuyt welw Gu
uwhnn wmunpunupah gotnh Gplynt
qnuyqbip, npnup hnphgqnuwljui
ninpuhuywg G b mgund G wypimnywmp
humpnuubinh vhymbnny:

Uyu thwuwmp hnpnud £, np quippuiwjupn
wwmluunud t p2gg judphu:

Inuynp aliip quppuuwjupht mwihu t
bnwsmth mbup:

We identify the unit cell spanned by
the translation vectors that are
perpendicular to each other, i.e., the
lattice type is rectangular. We observe
four different types of twofold-
rotation axes, which are marked with
diamonds. There are no mirror
reflections, but two sets of glide-
reflection lines running horizontally
and vertically through halfway
between the centres of rotations.
This knowledge determines that the
ornament belongs to the group p2gg.
The striped shape gives the ornament
a three-dimensional appearance.
Figure 6¢ depicts the same ornament
with simple lines representing the
bands. This ornament belongs to the
group p4gm. The translation vectors
have the same length and are
perpendicular to each other, i.e., the
lattice is square. This group has two
different centres of fourfold
symmetry, each of which is the
mirror image of the other. The mirror
reflections take place in two
perpendicular directions, which run
through twofold-rotation centres and
not through the fourfold-symmetry
axes. There are four glide-reflection
lines in two pairs perpendicular to
each other. They are at 45° to the
mirror-reflection axes and traverse
the midway between twofold-and
fourfold-rotation axes. Another pair
of glide reflection lines is parallel to
the mirror-reflection axes and passes
through fourfold-symmetry centres.
Compared to Figure 6b, this ornament
has a higher symmetry and looks
simpler, while the ornament in
Figure 6b is more pleasing to the eye.
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Lliup 6¢-nud gnyg t mpyuwd
unyu qupnuitjupn’ wung qotinny, ok AU
npnup ubpluyugund Eu juwbpn: ey e, e
Uju quppubwpupp yuwmuund ey el
p4gm fudphu: Stnuthnjuntpyut B £E
Ytunputint niubi unyu bpjuipnueyniipn LN
U ninnuhuwywg Lu dhdjuug ujumdwdp, ‘
wyuhup’ gwugn pwpwlnuhi t:

Uju funudpt ntuh pwnwlh
hwdwswhnipyut Gplnt mwppbin
Gumpnuubin, npnuhg jntpupwgnipp
Wnwuh hwybijuyhtt yuwwmbinu t:
Suybijuyht munpunupaubtinp wmbtinh tu
niuund Gplnt ninnuhuwywg
nunnipjntaiipny, npnup waghnd L
Unyuwlh yummwljuwin Yhumpnuutinny
ns b pwnwljh hwdwswihnipyui
wnwugputinny: Gnynipyniu ntubit uwhnn
wunnunwipah snpu gdbip hpwip é §<
ninnuhuywg tinlnt qnyglipnad: Gpuue

45 wumhtwt Gu uqunud huybiughu
wunpunuinah wpwugpubinh htim
wigunud Gu Ypluwlhh b punwljh
yummuwlju ymnymh wpwbugpubtinh

ubigmbinny: Uwhnn wunpunwnah qotinh
hwonny qnygn qniquihtin t huybijuwyht
wunpuyunah wnwugpubinht
wugund £ pwnwlh hwdwsmwihntpyuit
tumpnuutipny: Gljup 6b-h htim 5

hwdbduwmnwd' uyu 6¢ qunnuiiwjupt niih
wybih pupap hwdwswihnyeynin b wtith
wupgqniuwl mbup, dhus ujup 6b-nud
ubpjuyugyud qupputwhpi wyth
wljuwhwén t:

C

Lywp6: a. Pupdpwpw quuph wygnmd qumuynn pwph ypw thnpugngud
qupnuuwiup, b. Gwjuph gdwghp’ nph nhiypnd Wyt Wuwmuund t p2gg
hwdwsuthnyejwn judphts, €. Gnyu uwhuph wuing gotinny qdwghp, nph nhupend wyu
wuwwmluwunid t p4gm judphu:

Figure 6: a. An ornament carved in stone from the garden of Bardzrakash Monastery.
b. An abstraction of the pattern using stripes leads to the symmetry group p2gg. c. A simple
line drawing of the same pattern leads to the group p4gm.



<wyljuljut quppuwupbin

hupwdwljut i binp ubinuyugyuod
tu nhwgpwdubinh mbupny, npnup
wupgbgquo Gu vhush gduyhtt yumlipph
dwljupnwlih, husuibu gnyg L wpfwd
uljup 6¢c-nud, bt dbiip by unyu
uljqpniupny ubnuymgunid Lup
huwyliulju quppuwuwhpbtinn: Gwpuph
ubipuyugdwu wyu dlip Yhwlnndwp,
thwipwiwl gnponupwug t: <wuljunul
gnpopupugn upunnnd £ thugho
qdwgnh thnjuwljipwnidp gowgntiph,
npnup fuqugud b npnpuiljh juyupe
niutignn qnitinhg: Uyu gnponpupwugiu
wipnym vhwipwuwly st: Yupnn Gu
hutip Uh pwth (nuonwdutin, npnup
nsynud G bwjuph nhquyu [15]:
Inquynp uwjuptinp Junpny L thubg gum
pwiny, uwfuyl swithwquilg wigp pnjnn i
uwhdwbwthwl hwdwswthnipyudp:
Uljgpnud ubipjuyugunid Gup huyluljui
anuiynp quippuuwuptinp:
Lwth np hpwwywpuwljyuwod pninp
hujwdwlju twppbinn pugurnwytiv
Uhwghd yuwmltpubin L,
hwdbvwwmnieintu hpwljuwuwgubkint
hwdwp dbup huyluljub gnyuynnp
qupyuiwhpbinn unyuwbiu
Gihnjuwlibpubie qouyhtt wiumljtiputiph:
Lliup 7-p gnyg £ mwhu 118 hugluljun
qupruiwhbinh’ h hwyw quin
hwawpwljuuntipyniun
ppbnughnwljub jnipupwiignin pdph
huwdwin® wpwg gniuynp twpupn
qduyht gdwgnh thnfuwltipwbipne:
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Armenian ornaments

The Islamic patterns are presented
as diagrams that are reduced to
lines, as shown in Figure 6¢ for an
Armenian ornament.

This abstraction of the pattern in
lines is an unambiguous one-way
process. The reverse process is the
transformation of the one-line
drawings into drawings consisting of
bands of finite width that is not at all
unambiguous. There may be several
solutions called the design of the
pattern [15]. The stripe patterns can
be very complicated, but extremely
pleasing to the eye, and with greatly
reduced symmetry. We first present
the occurrence of the original
Armenian ornaments with stripes.
Since all published Islamic patterns
are exclusively one-line drawings,
we then convert the Armenian
ornaments with stripes into line
drawings to facilitate a comparison.
Figure 7 shows a graphical
representation of the occurrence of
118 Armenian ornaments for each
planar crystallographic group
represented in the abscissa without
converting the pattern with bands
into line drawings.



28 Uu quppubwhpbpp nupbin gupniiwly  These ornaments were found both

guuyb] Gu huswybu yuwmdwlju, in the territories of historical and
wytuibiu b dwdwuwlulihg Sugwuwmwh - modern Armenia during several
wwpwdpnud [12]: Luw fudpbinh years [12]. The distribution shows
pupujuwontpniup gnyg t mwihu, np a peak event of the p4 group

wnwy b hwbw hwunhwynd t p4
unudpp (50 %), dhusntin Wntu 4 judptipp
p1m1,p1g1. p2mgu p3m1
punhwupwutiv ubnuyugyuod st .
Uliigwd pudpbipp hwtighugnd i gphiph occur with almost the same
unyu hwtwpwljuunejudp: frequency.

(ca.~50%), while four groups
p1m1,p1g1, p2mg. and p3m1 are
not represented at all. Other groups

Swylujut quppupybiuwm/ Lynippgui Armenian Ornamental Art/ Kyurkchyan
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Lywn 7: <ugljujut quppuuwpptinpnd pyniptinughunwljut hwppe
vwliintuughtt judpbinh h hwym qunt hwwpwljuunyeniap: SYywntpp Yipgguod
Lu utip (UL) vwutwnp hwupwonthg [12]:

Figure 7: The frequency of occurrence of crystallographic planar groups
in Armenian ornamental art. The data come from our (AK) private collection [12]

Utiup hwiughy bup wyu apuljugnipyut,, We have found that the presence of
np qnitinh weuynipiniup hwyjuljuu bands makes Armenian ornaments
quppuuwjupbinn punpaunid £ particularly attractive, creates a
wpwuduwybiu gpuyps b uuqbtigunid £ three-dimensional appearance and
uwuph hwdwsuthnipiniup b hwnnpynud  reduces the symmetry of the pattern.
upwi tnwswihnipywt qqugnnnipinii:
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Nuunuduwuhpbng uljup 7-p°

wmbhuund bup, np wybtith hwew funth
t hwunhwtii p7 wmhuhly, dhus pIm1 b
c1m1 mhuytinu wytiih hwquinby b

hwunhynud: Unlju G il p277 fudph

wybh pwwn qupnubwpuptin’ p2mm
c2mm hudptinh: p4 L p4mm fudpbipp
hwubdwwmnipyniut wybth wmuptigunn t:

Wuwhund, huyluljwl

qupnuuwwtnhtt wmnwyby punpny L

huinpe dwliptuwyhtt puitt hwybipuyhn

uwhpwmbuwljubinn: Quipnpuuwptnh
Ytuhg wybtihu punipugnyniud u n-4
hwdwsmithnipjudp: <wenpy pudunid

Examining Figure 7 we find that the
number of p1 events is greater than
that of p7m7 and c1m1.

There are also more ornaments of
the group p211 compared to p2mm
and c2mm. The comparison of p4
and p4mm is more striking.
Therefore, mirrored ornaments are
used less often than the plain pattern
in Armenia. More than half of the
ornaments obey the symmetry of
n=-4. We will discuss this dominance
over the rest of the ornaments in
the next section.

ubkup putwnplbup duugwd

quppuiwpbph tjumdwdp uyu

gbhnwljuynipiniun :
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Lwp 8: fwljuljut qupnuinytiumnid hwunhwnn ppnipbnughwmwljut hwne

dwliintiuuyhtt ppdpbiph hwéwhiwljuwuntipintup, tnp juuwbnp hnppwltpuguod tiu
gotinny: Unyu gnpopupuwgh wpyntupnd yhpumund t uwjuptinh trwswihnyeyniun:

Figure 8: The frequency of occurrence of crystallographic planar groups in
Armenian ornamental art, after reducing the bands into lines. This process eliminates the

three-dimensional appearance of the patterns.
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bujwdwljut twjpuptinh htim,
npnup h uljqpuit pum yuipg tu
hwuwpuly, qnuply qnitinhg,
hwubvwmnipiniitt hpuwljubiwgubipnt
uyumwlny, vhtp huwyuljuu
qupnuwhbinp ubinjuywgnptightpe
unyu uljqpntupny: Unpyntupnid
umwgywd pnnp uwjupbtinh
hwwuwluwi pupuguwdnipjntun
utinjuyugywd t uljup 8-nud: Gk
hwdbidwwnbiupe uljup 7-nud
ubpuyugyuod wmnyniupubiph hti,
Ywmbuubip, np wnliju tu vh punpe
tuljutt thnthnjunyeyniutin, o
wilbhtwmqupiwbwhtt wyl t, np
hwuwpwl] hwdwswthniyeyniubinn
thnpuwliipuyywo G huybipughn
hwdwsmihnipjniuubinh: Uykih pwi
50%-n yuwwmluunu £ p4mm pudph,
huly p4-n ypwhwywuynud t
Unmuwynpuybiu 10%-h nhupnid :

To be comparable with the
Islamic representation of patterns
[14], which show a crude
simplification by deleting all the
stripes, we have done the same with
the Armenian patterns. The resulting
occurrence of the overall patterns is
shown in Figure 8. There are several
significant changes compared to the
results shown in Figure 7, and the
most striking fact is that simple
symmetries are converted into
mirrored symmetries. There is more
than 50% p4mm, while more than
10% of the group p4 still remains.
With the exception of p4mm, the

distribution is even more uniform.



EVENTS

B quitmuljut qupnuitupuptin

Gljun 9-p gnyg L wmwihu

pniquiuuljut 730 twhiptinh [7]
apudpljuljutt pugunip, tpp hupp Byzantine ornaments
vwliinbuwyhtt pynipnughumwlju
jnipupwiugnip ppdph hwdwn' .
ub 5t . b representation of the occurrence of

nhuymgyu » npugtiv wpghqudi: 730 Byzantine ornaments [7] for
Uyuwbin bplind £, np p4mm punuipt each planar crystallographic group
twljuwunptu ghpwlpenud: <uqyunbinyg represented as abscissa. The group
tit hwmunhuynud p2gg b p6mm judptinh p4mm dominates the distribution
qupnuituhnbip: <wqunby G f[)ﬁrervakﬁlmmgly‘ ;Fhere are no,t .
qnpunp tpobpp: <mquunti b reefold-symmetric ornaments an

no p2gg and p6mm. Extremely rare
huﬁn}hu{nuﬂ uwl p1g1, cimiu p211 are p1g1, c1m1. and p211

Figure 9. shows a graphical

ludpbtinp: Ornaments with stripes are seldom.
Jhutimhh Unipp Uwnpynuph mw6wypn, La Basilica di
Aniquunhw - San Marco, Venice.
Byzantium
—0.60 T
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Lwn 9: Ajnipinughwmwlju, hwppe dwuljbntivuwyht npnpuwlih judph
ywmljuunyg ppniquupuljuit quppuuwupbinh puwpjugudnipeyniun [7]

Figure 9: Frequency of Byzantine ornaments [7] belonging to a particular
crystallographic planar group.
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bujwdwljui qupnuitwjupbin

Gnuljwuniejui vk
hupwdwljut b wmpuwpwijutt whwwljutinpn
hwtwu thnjuwphuwpwn Gu
oqumugnnoynid: Jumwhwpuwn, wytih
Ghow t hpwnby hupwdwljut tqpnyen,
pwtih np ut wybtih puwm pupwdwljun
wpybumwgbmubin, npnup wpwp sk,
pwt wpwputin, nyptin hupuwd stiu
nuuiund: Gliup 10-nmd gnyg £ mpgud
249+200 hujwdwljuh quppuwjuwtinh
qnudhfulju pupuudnipniug
wpghqutinh wnwugpny] mbnunnyud
hwppe dwltnbuuwyh,
pnmiptinughmwljub jnipupwisynin
udph hwdwpn: Udpnnswljuit wyjuubintt
h ujqpuut hpwwywpwlyyty L
Pnipgntiih Ynnuhg, vwljuy wfyugutinh
Ybhnnonieyniun yuumwnyby &
hbmwquynid wy vwutwgbmubph
4nnuhg [14]: Opphuwwmutinh wnwugph
Pyt Yhpwekih tu wnwuahu,
vwhdwbwod jntpupwgnip wmyyuh b
ns gnidwpuwyhtt windtiph ujumdwdp:

buwdwljuiu qupypuuwhptpnh
puwuntdpn jnipwhwwmntly £:

n-1 b n-3 hwiwswthnipjuu judptinh
quppuuwhptipn hwqyugnun G,
uyjmpnud ghpwlpend bu n-2, n-4
 n-6 huuptinn:

Islamic ornaments

In literature, Islamic and

Arabic labels are often used
interchangeably. Surely it is fairer
to use the term Islamic because
there are more Islamic artist groups
who are not Arab than the number
of Arabs who are not Islamic.
Figure 10 shows a graphical
representation of the occurrence of
249 + 200 Islamic ornaments for
each planar crystallographic group
represented in the abscissa. All data
were originally published by
Bourgoin, but their analysis was
performed later by others [14].

The numbers on the ordinate scale
apply individually to each data set
and not to its additive value.

The distribution of Islamic ornaments
is unique. Ornaments with n-1 and
n=3 are rare; the spectrum is
dominated by n-2, n-4, and n-6.



hupwdwljuu Gplpuwswthwljuu qupntin Islamic Geometric Patterns

E. Makovicky and M. Makovicky
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Lywp 10: hujwdwlwuwi qupnuuwhptinh pupududntpyniit pum wyjuy
pnipbnughmwlju hwupe dwuljtinbuny judptiph: SYyuubnn untih t quuby [14]
hndwu dby:

Figure 10: The number of Islamic ornaments of a given crystallographic planar
group. The data sources can be found in Ref. [14].

<wuwuwp wuwmwljuita Within the equal-rotation groups,
hwdwswihniejuup udptipnud Gplnt symmetries with mirror reflections
ninnniejninutipny huybiugh in two directions are more strongly
wunpununpaubint wybkh nidtn tu represented than those with lower
ubinjuyugyuo, puwt mytith guon symmetry. This unbalanced
hwdwswihnipjuu udpbinn: distribution has its origin in the

Uuhuwuwp puppunidt h hwym t Gl fact that all bands in the original
wuyuwbunpgud wylt hmbiqudwpny,  pattern are eliminated and the
np uljqpuwjui twjuph pninp ornaments are transformed into
hwugnygubtinn htinwgyt tiu, huly single-line drawings.
qupnuliuztinp hnpuwphtigby G

thwghod qowgntipny:

33



34

Jhpnoneyni

Sugfulfuu qupnutiwhzbinn
hpduwluwiund thnpugpguod tu punp
Ynw, bitintighubinh wjwwbph b fuwsknh,
wspwpbinh ypw: Quuywid upwupe
Lupwnlybl bu puquwuiehy wntmubiph,
hhvtwljuuntd ywhwywiuy by Gu, duwghy
wiguwu: <wgljuljub Wulnypnid
gnynipynilt nttbignn jnipupwignin
qupyuitwph hhwum E yupniiwljnud:
Lnwiupe nyu b uthpnd dwpyjuyhta
yuwwmvnipjul wdhuwihnpnpljuihg
dJuwdwbwlubinh b yuwwmdwluu
hpwnwnanieyniuubnh Ypu:
Quinnuwuwhiph jnipupwngnipn ghd b
uwp wphtummwgnpdubtinh hwdwn
huwuwm tiu ntubtighy, npuup unpdtu
quppuuwptnh punbnl n
wpmwhuymnipniuubin Gu:

Suyfuiljult qupnubwhbnn
ownuyby Gu npuibu jnipumbuwly
hwnnppuljgnipjult thyng, nph punphhy
hwy hhtt wphtumwynnputinn,
wphtivmwgnpdutippn b upuwtimubinp
nuipbiph dhony hwnnppuiligyby bu
ubipnmiunubtiph htin:

Jhutimhljh Unipp Uwplnuhp
wmwtwnph hwmwlh uvwhlubipp
wuwmpwumywod b gniuwynp pwipbinhg:
W, b hiswhuh Gogpunnteyudp t
dwpdwnb jntpupwisynin pwnn
hwdwnpuo, wpybumh uwyu gnpdp
nupaund t suhwquing windbpwiynn [16]:
hujwdwljut dwgnid ntutignn
gnnobinp hwwp gniuwynn nhquyuny
wuwmwupubin G’ wpduwod mwpptn
untpumpwwmibinph ypw:

Discussion

Armenian ornaments are mostly
carved in stone, on outer walls and
crosses, the khachkars. They are
exposed to natural hazards, but
usually remain intact. Every
ornament in Armenian culture
contains a message. They offer an
unexpected window on the most
turbulent times in human history.
For Armenian craftsmen every line,
every intersection of the ornament
has a meaning, they are like words
and phrases of the ornaments.
Armenian ornaments served as a
unique means of communication
with which ancient Armenian
artisans, craftsmen, and masters
have communicated with
generations throughout centuries
and history.

The floor pavements of the
San Marco Cathedral in Venice are
made of coloured stones. How each
piece of marble stone is coordinated
with great precision makes this
work of art extremely valuable [16].
Islamic works are often creations
of coloured design on different
substrates.



Lliwpubp 7-10 —nud
ubpuyugyud wyjuiubnn fhpwebnyg
ubup hwitdwwmnid Gupe wyu Lnbip
punuipwljppentipjntuibinht punpny
quprulwjubinh jnipupwiignip
unuwipn® upwlg mwppbpnyeyniuubinn o
udwlunipjniuubinn hEmwagnmbint
uywwmwlyny:
n=1 yummwljuu yupgp hmquntiy t
hwunhynd hupwdw it
quppuiuwppbinnud, dhtisnbin
uwhupumnpbih G yummw i wytih
punan hwdwsuthnipjudp
wpuumuwipubipp: <uyluljui
quprubwjutinhtt qnitinh 2unphhy
punpn £ wybih gwon hwdwsmwihnyeniu:
Uyu mhuth hwyluljut twjuztinh
mwppwlub peheubtinpn (Wjjuip 1) dhd tu
b Juynud Gu huy mipnhbumwgnpdubinh
pwnan ginupybhumwlju
huwmnyeyniuitinh dwuht [17]:

n=2-ny yumwmwljwu Junpgnp ns
uh htimwppppnipjniu sh ubinljuywgntiy
tintip dnnnynipnubinh hwdwp,
pugwnnipjudp p2mm i c2mm fudphnh,
npnup hwunhynd G pujwdw ot
qunnuiwutinpnid: bujwdwljuit
wuwlnypnid wiytith puwm Jhpweyby £
huytijuyht wunpuupan® diljhg wtih
ninpnipyudp: Uw yqupquytiu npnpuljh
unmhyh umwmhly Ypjuwmyqumjnidp o
puwnwywmlnidu t, umljuyu qninh’
vhugho gdwmwyuwmlbinutinh
thnjuwinyuwu unphpy upwpe
Yhpwoyt tu wnytiumh gnpdtinh: Uyu
gnponiipugh dudwbiwl] jnipupwitgnin
Unhy dhowgyniud t, b twppp mwppbin
ninnnipnitiitinhg iplinud £ hwdwiswith
U hwdwubin:

Using the data presented in 35
Figures 7-10, we compare the
ornaments of each group for the
three civilisations to examine the
differences and similarities.

The rotation order n-1 is rare in
Islamic ornaments, instead works of
art with high rotational symmetry
are preferred. Often Armenian
ornaments have a lower symmetry
due to the stripes. The unit cells of
such patterns (cf. Figure 1) are
unusually large and represent the
advanced artistic abilities of the
craftsmen [17].

The rotation order n-2 shows
no interesting behaviour for all
three peoples, except p2mm and
c2mm, which were observed in
Islam. Islamic culture strongly
promotes mirror reflection in more
than one direction. It is a static
doubling and quadrupling of a
certain motif, if it were not an
artefact caused by the
transformation of bands into
single-line drawings. Through this
construction process each motif is
enlarged and the pattern appears
symmetrical and homogenous

viewed from different directions.
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n=3-nJ wumnywmubipp Junpth t
guuh huyuluiu b hupwdwui
qunnuitujupbinnud, vhus pniquinnuljuin
uwptinpnid wylt welw st:

p3m1 punudpu niih huybijuyha
Ul uwhnn wnpunupaubin muppbin
nunnipjniiibpny b wifkith gpuhs €
wsph hwdwn: Uyunuwdbuwyuhy,
guquih t, np uyl puguljuynud t pninp
wyu vpulnypubpnud:

n=4-n qupyutwpbinp
uwpipumpbith mwppbpuly Gu
huyjuluir, pyniquinnuiljuin o
huumiwlu ginupytiumnid:
p4 hpduwljuu alip hwunhwnud & dhwgu
huyljulju nhquyunud, hwmljuubu wyu
uwjuptinh hwdwp, npnup thnpuwlipuy b
L wuing qdtiph:

Ainiquiunului bwpptipnud p4mm
udph hwtwuwljwunieintup juqunid
Ewbh pwt 80%" h hwitdwwmnijpinil
Wnwu 17 udpbinh: bujwmdwiui
twjuptinp pnnp tinkip n=4 judptinh
hwdwn juqunwd B 30%-hg wybih,
npnugnd ghipwlpend t p4dmm-n:
p2mm U c2mm fudpbkph
nhypnd vbhup ujumnid Gup, np
Ybpohuubtipu punpny sku pyniquunuljuin
quprpuptumhi, hugp yyuynud £ np
wyuwmtbin sh nb nplt huywdwljui
wqnbignipnii: n=3 udpbnt wyupw
hwqunby Gu hwunhuynd,
np wthuwnht t junuby wyu tintip
wwlnypubnh’ yhtwljugnnpbu
hwjuuwmh thnfjumqnbgnieyuin Ywuhi:

Rotations by n-3 are only
found in Armenian and Islamic
ornaments; in Byzantium there is
no example. The group p3m7 has
mirror and glide reflections in
several directions and appears
attractive to the eye. Nevertheless,
it is a notorious case that is largely
omitted in all these cultures.

Ornaments with n-4 are the
preferred choice in the Armenian,
Byzantine, and Islamic art design.
The basic form p4 is mainly found
in Armenian design, even for
patterns that have been
transformed to single lines.

In Byzantium, p4mm occurs more
than 80% in comparison to the
other 17 groups. Islamic patterns
show more than 30% for all three
n=4 groups with the majority of
p4dmm.

With the groups p2mm and
c2mm we observe that there are no
counterparts in Byzantium.
Therefore, it is fair to claim that
there is no Islamic influence on its
neighbour. The groups n=3 are so
rare that one cannot speak of a
statistically plausible interaction

between the three cultures.



<twmwppnpehp t yipniok n-4
quppuwiwtinn. thuyt huwyljuljua
qupputwppbtipnud £, np npnp nhuplinnd
h huyw t GY p4 lunudpp: Uynwa Gplyne
pwnupwlppnipyniaubpnd wyu junidpp
anbpt pugujuynd £ jud gnnipeyni
niih wupuwu pwbwlny: Yyu thwuwmp
Yyuynud £, np hugulju vpwlinypeh
Ypw ns Uh wmanbignieyniu sku pnnbn’s
pntquiupuljui, n's hupwdwljuit
Jupwbhwmubipn:
p4 i p4dmm hwdwswih udpbinh
whnwwmnipjntup Junbih £ dbjuwpuuby
npuwbiu gnigumthy wytt puwth, nn
hudwswthnyejwit wyu judpbinp uintih tp
Qumwupbjuutiv thnpugply punwlyni
pwpbnh Ypw, npnup unynpupwup
quppunnid tht huyulyui
twnmwnpuy bmwlju hnpwpawuubinp
twljumuwyhtt hwmqudn: p4mm junidpp
hwtwh hwunhwynd £ b hujwdwjuu
wppuwphnud: Gupdnd Gup, np uw
wunquybiu wpyntupe £ hujudwljut
wnybumnid punhwiinin mynyuontpejwui,
nphtt pinpnp £ mm judpbiph
wnjuynieiniun b yhipumpmwnpdwi
nupwgpnid quppuuwuptinh
wunghguwl gnpdpupugn:
Aniquunulju ppdptinh
pupujuwdnipyut uykljmpp, uwljuy i,
punjugwd t gptipt dhuyu p4mm-hg:
Utin yundheny dwdwimljhtt ghuntpyute
hwmwljht wipgwod juwshinpn uwyuwimwly Eh
owrpwynid htinnt yywhbint swp nidtinht,
puwith np juwisp funphpruipnud £
<hunwhit: Umljuytt hitmwgquynud juinhn
tdwgnud” wpryrip Jupbih tp juwsp
mbnunntip hwwmwjhie' swp nidtipht htinnt
wwhbint hudwp, wyh phiggenad, Gnp wyh
hwumwwmy b tp npuitiu Ypnuwlpun i
hltintgulju junphpywufy

It is interesting to analyze the
ornaments with n-4. Only
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Armenian ornaments of p4 show
some occurrence. This group is
found in the other two civilizations
in a negligibly small number. This
fact shows that Armenian culture
could not have influenced either
Byzantine nor Islamic artisans.

The abundance of the symmetry
groups p4 and p4mm can be
interpreted as an indication that
these symmetry groups can
preferably be carved into square
stones that form a facade made in
Armenian architecture. The group
p4mm occurs frequently in the
Islamic world. We believe that this
is merely the result of the general
Islamic trend to overemphasise the
mm groups and the simplification
process of ornaments in
reproduction. The spectrum of the
Byzantine group distribution,
however, consists almost of p4mm.
We have suspected that crosses on
the floor of a building keep away
evil spirits because the cross
represents Christ. The dilemma is was
to place the cross on the ground to
ward off evil where it is entered by
the church congregation. Therefore
the Byzantine Emperor Theodosius II
issued an edict and abolished the
use of crosses on the ground [18].
We must not forget that the early
crosses, like the Greek or Maltese
cross, had equilateral arms.
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Uy wuwwmbwnny Bjniquitnhuwh
Juyun @hnnnuhu II-p hpwdwhwghp
wpawlbg b wpglijhig fuwgtinh
wwwmlinnuip hwmwht ud ghwmuhu
[18]: Quitimp E Unnwtiy, np uwuljhuntd
hwstinn, huswyhuhpe G® hnttwuu jud
dwpuwywljul pruwstinn, ntubph
hwjuwuwpwlnnd phbtn: Gyunithbml,
wphbumwgnpdubipp hutwpwdhw Yhpunyg
umbtindtightt pwnuwstth hwdwswthniejuit
p4mm uwupbinp, npnup udwynid
thu fuwshu: Uw vh thnpd £ pugumnbnt
4mm mhuh twpiph ghpwljuynipntun
pniquunuljut Gytnkgnud:

n=6 judph qupnutwhpbinp
Swywunwiinid ubpjuyugquo tu
Uvhohtt hwbwwljuuntipjuup, vhs
Sintquunhuynd bpwie hwqquinbing
L hwmunhynuwd: bupwdwlju
qupnuuwpbpnud, uwljuy, uyu
unuwpp Guqund £ gnbiet 40%:
bujwdwlut twhpbnnud fhmu wdbku
huish Yhumpnuu t, hulj 2pswun
altuynpnud £ dhwuunyeyni [19]:
Wi ubippupuwlynpbu pudwuynid £
utudhm gotinny, npnup vhuynpnd
L Uh pwuh fhumpnuubin: hbujwmdwljui
wnpybuwmp hhuuynud £ 5, 6, 8, 10 fud
12 nndbtin niutignn juunuwynp
puquuulpniuiinh Gpipuwsmwihniejuin
UYnpuw: Nppwn UG £ Ynnubtinh pwtwlyp,
wyupw puquuulyniup dnw tppgwithu:
Uju puquulpyniuutinhg vhuyt
Yyhgwulpyniuu £, np pynipinughmwljui
uwhdwbwhwljdut yuwmtwnny
hwdwnnbith b wuppbpuljut ghquyth
htw: <tmbwpwn, qupiwbwih sk, np
hujwdwuu qupnuuwppbnh
dbdwdwuuntpyniut ntuh n-6
wwmmwljuw Junpg:

Then the craftsmen invented
ingenious fourfold symmetric
p4mm patterns that imitate the
cross. This is an attempt to
understand the predominance of
the p4mm patterns in the Byzantine
church.

Ornaments of the group n-6
are represented in Armenia on an
average level, while they are a rarity
in Byzantium. In Islam, however,
this group accounts for about 40%
of all incidents. In Islamic
patterning, the point is the center of
everything, and the circle forms the
unity [19]. It is harmoniously
divided by intelligent lines
connecting several centres. Islamic
art is based on the geometry of
regular polygons with 5, 6, 8, 10, or
12 sides. The larger the number of
sides, the closer the polygon comes
to the circle. Of these polygons, only
the hexagon is compatible with the
periodical design due to the
crystallographic restriction.
Therefore, it is not surprising that
the majority of Islamic ornaments
have the rotational order n-6.

Armenia had neighbours in
the East, Iran and Seljuks, who
created valuable ornaments. So far
they have only been qualitatively
analysed [2, 8], and art works with
rotational orders of mostly n-4 and
n=6 are reported. We have not
found any systematic quantitative
investigations that could be
included in our studies.



Udthnihnd

<wy twnpmwuwy timubinn nne
Uhohtt Unltijpnid hwdwnpyby Gu
[wjugnyuubinu hpkiug ninpmnud:
Nuwmdwljuh Jun ppewtth opnhtiwyy t
Spnywwn dwpmwnpuww bwp, ny 10-ny
nupnud hpuyhpyby tp fyniquiinhugh
Yuyup dwuhy I-h Ynndhg’
Yhpulunemghint hpkug giuwnp
Unipp Undhuyh mwbwnp: Mumdwljuit
wpbdwhwgpnipntatbint
wunpununund & Qunphuum
twnmupwybwmubph Puyu
numwuhpht, nyptin 18-ny b 19-nn
nunbpnud BYypnyuljuiugnpbighta
oudwiywt Gwpmuwpuww imnipyniun:
Uju b wy1 ophttwjutin hwumwmnd b,
np huyluljub Gwpmuwpww bwmnieyniit
hnnp Guplnp tbnti ng dhuyt
<wywuwmwtth, wyc hwplown tpypubtinh
hwdwn:

Auntpjut snpu muppbipn (9nin,
on, Ypwl t hnp) b Yhuwmg dwnp
huguljut qupnuiwfutinh
hhvuwluu pununphsubpu Gu, npnup
h huyw tiu Gyt Upjumnhp npubiu
wuwnubq qunuthwphg, i pupupugud
Gu tinb huyuljuit ghmwlgnipyuu vhe:
Jun ppowuntd wiphbummwgnpdubtinp
umbinoty hu tpnypuwswthwjuu
oSwnjuyhtt dnwmpyubiph uto
hwupwont, npnup junphpnuipnid G
lywuph snpu mwppbpp:

Conclusions

Armenian architects are
considered the best in their field in
the entire Middle East. An early
example is Trdat the Architect who
was invited by the Byzantine
Emperor Basil II to rebuild his main
church Hagia Sofia in the 10th
century. Later records point to the
Balyan family, who westernized
Ottoman architecture for five
generations in the 18th and 19th
centuries. These examples testify
that Armenian architecture is just
as important as in neighbouring
countries.

The four elements (water,
air, fire, earth) and the Tree of Life
are the basic components of
Armenian ornaments, as are the
motifs from the concept World as
Garden, which have long been
anchored in Armenian
consciousness. Craftsmen of early
history created an arsenal of
geometric and floral motifes
symbolizing the four elements of life.
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Unwig vhdwdwulnipjui vy
snpu mwppbiph quyuithwnp
ubinuyugywd t tplpwswthnpbu®
hwduwuwn mpudwaghd ntutignn snpu
nswtiiinh mbupny, npnup wugund ku
wnwigpuyht Yaumnnuh qpunyny b
hwwmdw Jhumpnund umtindnud tiu
punwpel tpwh: Uyu pnphpguipuljui
hwmljuuhputinh nhmwpldwi
wpyyniipnd pwnwpeh ipuin
ubljumpwugnid tn npytiv Yhuwg dwn’
uh junphpywithp, np ubpljuywgund tp
lpwuph b hwybpdniyejmh qunuthwnn:
<tmwquynud® Juin pphumnubwljui
dJudwtwljuppewind, inp huymuybghu
wpwghl juwspwptinn, huy
wnhtiumwgnpoubinn uljutightt thnpwagnty
quprpuuwfutinp’ pwnb fuwgkinh vk
wdthniptiing wuph b fpnuh hptiug
qunuthunputinn:

Ubin dwupwyjpljhm
hwibdwwmnipynip, npp hhuuyguwd t
qupyuuwphipnh hwdwswthniejw
hwmuwuhpubipnh Yypw, Yjuynud £ uy
dwuhly, np huyljuljut qupyunpybuwmp
uunpubtinn qind Gu pniquinnuiljut fud
bujwdwliu nphit wmantignipeyniuhg:

Udthnihbiny” fupnn tup by,
np wyu vywljnyputinhg
jnipupwitsgyninlt ntnh hpbin punpnp
wpwdtwhuwmnyeniuubinn: <uyluljui
qupnuwupbiphtt punpny tu pninp
hwdwswihnipyntuutinn, puewptinm/
pwnwdw| hwdwsmihnipjut vhy wnlju £
p4  4pmm udptinh ghpwljuwynipeyniun:
Swyljuljult qupnuiwhRbnn
dwpdbwynpnd bk wmpmwhuwymnd G
huwftindnieyut ik hwg hmbuwljuinyejuit
Eowswth yumtipuwgnudubinn:

In most of them, the concept of four
elements is symbolised geometrically
in the form of four circles of equal
diameter running through the axial
central zero, and in the centre of
their intersection they form a four-
winged sign. The consideration of
these symbolic features led to the
interpretation of the four-winged
sign as a Tree of Life and thus
representing its concept of life and
eternity. Later in the early Christian
period, when the first cross stones
appeared, Armenian craftsmen
began to carve ornaments on the
cross stones in order to summarise
their ideas of life and religion.

Our rigorous comparison,
based on the symmetry properties
of ornaments, shows the lack of
influence of Byzantium or the
Islamic world on the Armenian
artwork. We conclude that each of
these cultures had its strengths and
weaknesses. Armenian ornaments
use all symmetries with a dominance
of p4 and 4pmm in fourfold
symmetry. They give a three-
dimensional impression of eternity.
Byzantine craftsmen have mastered
the art of inlaying with stones of
different colours [16]. They usually
have created fourfold symmetrical

p4mm pieces.



Bintquunuljui
wphtivmwgnpoubinp dwdwuwljhu
Juwpwbwmwgt| tu mwunppbn gnyubinh

pwpbiph hwdwypnipyuu gnponud [16]:

Lpwup unynpuwpwn umnbnoby tiu
pwnwdw hwdwswihnipjui p4Amm
hdpht punpn) gnpdtn:

buwdwljut nhquyuntd
gbipwlpnud Gu Ynluwlih huwybjught
wlunpunupaubnp’ jnipupwisnin
nnmuwghnt hwdwswthnieju Ube:
Jhguljub yimnymp hujwdwljui
wwnpphpwluu btwpptinh hhduwljuu
wpwidwhwminiypeyniuh t :

Uohiup, np pyntquuinuljuin
wphbiumwgnpdubinn
uwjuwyumynipyniatinn hhuugty Gu
npnpuilih Ypnuwju

utwhwyuwmnipjub gnpdnuubinh Yynpu,

thus hupwdwlju wmphtumwynputiph

Ynnuhg tplpwswihnueyniup fhpweyb £

puwqynphilt, gntiph tqnpetinhly

dwljunpulnid: Umljuyt <wyywumwith

wphtiumwgnpdubtinp fupdtu etk
niubighy G punipynitthg mpguwod
qtintighlih qqugnud & qinkighljn
Ybnwmbint wtuwhvwtwhwly
ntuwlnipyniuubin:

The Islamic design is dominated by
double mirror reflections in every
rotational symmetry. The sixfold
rotation is the main feature of the
Islamic periodic patterns.

We note that preferences of
Byzantine artworks were are based
on some religious to superstitious
practices, while geometry was
intuitively practised by Islamic
artists, almost on an esoteric level.
However, craftsmen from Armenia
seem to have possessed the ability of
artistic creation almost by nature.
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Gpwjumhph funup

Gunphwljunipiniu it huwymund Untw Linippguitht unyl wp ummwiippn
qnbnt nne gnponupugh Judwtwl] gnigupbinud htimwpppnnipyuu b Wynwljuu
wewljgnieyut hurdwip, husytiu il dwpdu Enpninuljhtt gniguptinud wewljgnyejuu
hwdwn: Gunphwljuy bupe wpndtiunp Fwthin Muyht fhwm-judpuyht
hudwswihnipyuu Yhpwpbpu putwpynudutinh b qunygubtiph hwdwn:

Utip bpwjumwghwnipyniut Gup huymunid <wgwumwih ghnnieynitinh wmqquyhn
wluntivhwyh prnewliihg wmugud gnljonp, ypndbunp Umbtithwin Mmpnuwyuhtt hugbintin
mbpumh dwubwghmwljut prdpugpduit hwdwin:
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wphbumwynp-Jupuybimutiph Jpowin: Unpdbit Ljnippgyu

Armen Kyurkchyan

Designer Armen Kyurkchyan is the author of "Armenian Ornamental Art", "Armenian
Ornamental Script" and "Armenian Block Printed Fabric" albums, which are systematic and
effective graphic presentations of Armenian ornamental art from the medieval era.

Each album is accompanied with a CD, that includes all the graphical images from the book.
These albums serve as effective tools for craftsmen, artists and designers.

47



SRAN RN A SRR T
AN AT
AN N N AN N
A A A S R A A S A S RS SRR
NG OO YOS
__x_,/\\ns\“

AN A, ;
%@/NW“W\.&/N\\M\\//\.&MWWM\.& AN MAOBMAD
— D=, D=, =, —,
T T T S M S T AR S T AT
AN __/V/,V//ﬂr//__ __/vVv/r//__ AN SIIANY __////\//r/__ NSINN P
< NN AN AN A AN A
AN, /\\\\&wﬂ&\\&%
|

! MR ALAGR _
&f /\\//\\lﬁf /\\\\&y—/\ SN == //\\//..

LR
N
//§

7
N A R
\ > &
P A Al VA4 _
D N AN A AN AN

NS //w\ \N/“\w/__\\/w\wf//\ WL \/\\
A S A S R A e A A
SN AR RNV RN RSN RNV RN (RN
NI ST S S XIS SN NSNS TIZON
R NN A A AN A o P
N 8 N AR AN 78 N N 7 N AN @ A @ NN //\\//\\//N.um;
Av///..f f\//\/(f f\//\/(f f\//\/(f f\//\/(f f\//\/{f f\//\/{f %\/////..3
A AN A e A T A el oAl e
SN IS NN (25NN 15 NN 2NN (2 NN 1S NN (2NN
AN I NI AR NINSXEIS
A AN AN LA A A A
IRRINIAN R NN SN N @ CXNN @ SN AN @ONAN @ AN @ X
R P R R P R R R R e o
AR Al e A A e A AN N
v//////\.—IJ.//////\.—IJ.//////\.—IJ.//////\.—IJ.//////\.—IJ.//////\.—IJ.//////\.—IJ.////,Y
NN NN I LI NI I AN
o NN A A oY

D\ = /\\bf /\ //.-3

N NN N AN

NSNS ZTTE NN NS Z 1= N NS AN Z 1= N NN Z 1= N NS Z 1T NN Z T NSNS NS Z T2 NN N

A A R
Al A 7]



