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In the immediate wake of the Great Exhibition of 1851,
a small number of notable studies concerned with pat-
tern were published. Probably the most significant con-
tribution amongst these was Owen Jones’ "The Gram-
mar of Ornament”, published in 1856. An important
step towards the further classification of patfern was
made in 1910 with the publication of Christie’s "Pat-
tern Design" (then "Traditional Methods of Pattern De-
signing"). From the viewpoint of pattern in textiles, the
most significant early aitempt to classify repeating pat-
tern types according to geometrical principles was ma-
de by Woods in 1935 and 1936 when he presented a sy-
stem of pattern classification borrowed from the discip-
line of crystallography. Since the publication of Woods’
study, a number of useful works, which have focused
on the geometrical classification of pattern, have appe-
ared. The objectives of this paper are firstly to review
the relevant literature and secondly to present a system
for analysing and classifiying textile patterns accor-
ding to their symmetry characteristics.

1, INTRODUCTION

In the immediate wake of the Great Exhibition of
1851, a small number of notable studies concerned
with pattern were published. Probably the most signifi-
cant contribution amongst these was Owen Jones’s "T-
he Grammer of Ornament’, published in 1856. During
the course of his discussion of subject matter from a se-
lection of cultures and time periods, Jones relied on a
tentative analytical approach based mainly on histori-
cal premise and anthropological conjecture. Although
such an approach had obvious analytical limitations, it
was nonetheless in contrast to the vast bulk of contem-
porary publications which were, in the main, merely il-
lustrative in nature and were lacking in worthwhile
commentary of analyses (an obvious criticism of many
works published during the nineteenth and early twen-
tieth centuries). Jones’s work spanned a number of ti-
me periods and styles and was not only concerned with
two-dimensional pattern but decoration across the full
range of the applied arts and architecture. Subsequent
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to its publication in French and German, "The Gram-
mar of Orniament” acted as a stimulus for similar publi-
cations in other parts of Europe. These publications
played a role in ensuring that the study of pattern achi-
eved the status of an academically acceptable area of en-
quiry. Crucial to this acceptability was a recognition of
the importance of the subject matter as a data source
to the developing disciplines of anthropogy (e.g. Boas,
1927) and archaeology (e.g. Petrie, 1930).

An important step towards the further classification
of pattern came with the first publication of Christie’s
"Pattern Design" (then entitled "Traditional Methods
of Pattern Designing"} in 1910. Christie, unlike Owen,
grouped patternsaccordingto their structural characte-
ristics and not according to the periods or cultures in
which they were produced. Further notable contributi-
ons to the study of pattern were also made by Bourgo-
in, 1880, Day 1203, and Fenn, 1930.

In the context of textiles, it seems that the most no-
table early attempt to classify repeating patterns accor-
ding to geometrical principles was made in 1935 and
1936 by H.J. Woods, a textile physicist, who presented
a system for clagsification borrowed from the discipline
of crystallography. Since the time of Woods’ study, a
number of useful works, which have focussed on the ge-
ometrical classification of patterns (although not neces-
sarily textile patterns), have been published.

These, in common with Woods’ work, have relied on
classifying patterns according to their symmetry cha-
racteristics.

With the above considerations in mind, the primary
objective of this paper is to present a system for analy-
sing and classifying repeating patterns according to the-
ir symmetry characteristics. The perspective taken reli-
es on that developed by Woods, the notation has been
adopted from Stevens (1984) and the terminology was
suggested by Shubnikov and Koptsik (1974).

2. SYMMETRY OPERATIONS

It has been recognised by numerous observers
[e.g. Weyl, 1952; Shepard, 1948; Shubnikov and Kopt-
sik, 1974 and Washburn, 1977] that a motif can be repe-
ated in two-dimensional space using one or more of the
following operations (illustrated in Figure 1),

a-Translation, through which the motif is repeated
vertically, horizontally or diagonally, while retaining
the same orientation.

b-Rotation, through which the motifis repeated by turning,

c-Reflection, through which the motif is repeated by
reflection as if by a mirror.

d-Glide reflection, through which the motif is repea-
ted by translation and reflection.

Two-dimensional symmetry is best considered un-
der three general headings:
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Diizenli Tekrarlayan Desenlerin
Sintflandirilmasi

1851°deki Biiyiltk Sergi'nin hemen
sonrasinda desenle ilgili birkac dik-
kate deger inceleme yayinlanmish.
Bunlar arasinda belki de en dnemli
katk1 1856°da yayinlanan Owen Jo-
nes’un '"Siislemenin Grameri" ol-
mugtur. Desenlerin dahaileri diizey-
de smiflandiriimast yoniinde Gnem-
libir adim 1910°da Christie’nin "De-
sen Tasarimi"nin (o zaman "Desen
Tasariminin Geleneksel Yontemle-
ri" bagligan: tagiyan) yayum ile atil-
mugtir. Tekstiliiriinleri bakig acisin-
dan, tekrarlayan desenleri geomet-
rik ilkelere gire siniflandirmada en
dikkate deger ilk girigim 1935 ve
1939’da kristalografi disiplininden
ddiing alinan bir siniflandirma sis-
temi ortaya koyan Woods tarafin-
dan yapilnugtir. Woods'un incele-
mesi doneminden bu yana desenle-
rin geometrik siniflandirmas: tize-
rinde yogunlagan bir dizi yararli ca-
lisma yayimlanmigtir. Bu makale-
nin amaclar: dnce ilgili literatiirii
gozden gecirmek ve ikinci olarak si-
metri dzelliklerine gdre tekstil de-
senlerini analiz etmek ve siniflan-
dirmak igin bir sistem sunmaktur.
1. GIRIS

1851’deki Biiyilk Sergi’nin he-
men sonrasinda desenle ilgili bir-
ka¢ dikkate deger inceleme yaymn-
lanmigti. Bunlar arasinda belki de
en dnemli katk: 1856’da yayinlanan
Owen Jones’un "Siislemenin Gra-
meri" olmugtur. Konuyu segilen bir
dizi kiiltiir ve zaman dilimine bagh
olarak tartigmasi sirasinda Jones
genelde tarihsel temellere ve antro-
poljik tahminlere dayah deneysel
bir analitik yaklagim benimsemis-
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tir. Her ne kadar boyle bir yaklagi-
mm agtk analitik sinirlamalan var
idiyse de, hi¢ degilse nitelik bak-
mindan, yalmzea, sergileyici olan
ve anlamh yorumlamalardan veya
analizlerden yoksun olan (on doku-
zuncu yiizyil ve yirminci yiizyil bag-
larinda yaymnlanan bir¢ok gahgma
icin yapilan bilinen elegtiriler) ¢ag-
das yayinlarin genig bir béliimiin-
den farklilik gistermigtir,

donesun ¢ahigmas bir dizi déne-
mi ve stili taramaktadir ve yalmzea
iki boyutlu desenlerle degil, fakat
uygulamall sanatlarin ve mimari-
nin tiim alam iginde siislemeyle ilgi-
lenmistir. Fransizca ve Almanca dil-
lerinde yayinlanmasi oncesi "Siisle-
menin Grameri" Avrupa'min diger
bolgelerindeki benzer yaymnlar igin
bir uyana etkisi yapmighr. Bu ya-
ynlar desen incelemelerinin akade-
mik agidan kabul edilebilir bir aras-
tirma alam olma statiis{inii kazan-
masimm saflamada rol oynamstir.
Bu kabul edilebilirlikte 6nemli aga-
ma, konunun geligen antropoloji
(Boas, 1927) ve arkeoloji (Petrie,
1930) disiplinleri i¢in veri kaynag;
olarak éneminin anlagilmasi olmug-
tur.

Desenlerin daha ileri diizeyde s1-
mflandirlmas: yéniinde énemli bir
adim 1910’da Christie’nin "Desen
Tasarimi” (o zaman "Desen Tasan-
minin Geleneksel Yontemleri" bagh-
g fagimigts) eserinin ilk yayirm
ile atilmighir, Owen’den farkh ola-
rak Christie desenleri tiretildikleri
dénemlere ya da kiiltiirlere gore de-
gil de yapisal ozelliklerine gére
gruplamighr. Desen incelemesine
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olan diger 6nemli katkilar da Bour-
goin, (1880), Day (1903) ve Fenn
(1930) tarafindan yapilmigtir.

Tekstil iiriinleri kapsaminda,
tekrarlayan desenleri geometrik il-
kelere gore siniflandirmada en dik-
kate deper ilk girigim 1935 ve
1936’da kristalografi disiplininden
odiingalinan bir siniflandirma siste-
mi ortayakoyan ve bir tekstil fizikei-
si olan H.J.Woods tarafindan yapil-
migtir. Woods™un incelemesi dgne-
minden bu yana desenlerin geomet-
rik simflandirilmas: {izerinde yo-
gunlagan (her ne kadar mutlak
tekstil desenleri olmasa da) bir dizi
yararh ¢aligmayayimlanmigtir. Wo-
ods’'un ¢aligmasinda oldugu gibi
bunlar da desenleri simetri 6zellik-
lerine gore simflandirmaya dayan-
miglardir.

Yukandaki diigiinceler dikkate

- alindiginda, bu makalenin 8neelikli

amaci tekrarlayan desenleri simet-
ri 6zelliklerine gére analiz etmek ve
siniflandirmak igin bir sistem sun-
maktir. Balkig agist Woods tarafin-
dan geligtirilene dayanmakta, no-
tasyon Stevens (1984)’den ahnmug
ve terminolojiden Shubnikov ve
Koptsik (1974) tarafindan 6neril-
misgtir.
2.SIMETRI ISLEMLER]

Birgokgozlemcitarafindan (6rne-
gin Weyl, 1952; Shepard, 1948,
Shubnikov ve Koptsik, 1974 ve
Washburn, 1977) bir motifin asaf-
daki bir ya da daha ¢ok iglemi uygu-
layarak iki hoyutlu uzayda tekrarla-
nabildigi farkedilmigtir. (Sekil 1’de
gosterilmektedir).

a-Motifin aym yénlenme koru-
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Figure 1. The Four Symmerty Operations, (a)traslation, (b)rota-
tion, (c)reflection, (d)glide reflection

Sekil 1. Dirt Simetri iglemi, (a)teleme, (b)dindirme, (c)yansit-
ma, (d)kaydirarak yansitma

a-Point groups;

b-Line groups;

c-Plane groups.

Point groups include motifs which, within themsel-
ves, exhibit the symmetry characteristics of reflection
and/or rotation about a fixed point (or rotocentre). Li-
ne groups are contirnuous patterns running in one di-
rection only, thus facilitating the repetition of a motif
(which may be symmetrical or asymmetrical) between
two continuous parallel lines. Plane groups are all-over
patterns which repeat in two directions across the pla-
ne, Designs within each of the three groups may be
classified according to the symmetry operations inhe-
rent in their stucture. This further classification is out-
lined briefly below.

3. POINT GROUPS

An asymmetrical motif by its very nature does not
exhibit independent symmetry characteristics and
whilst it can be used as a repetitive unit in line and/or
plane groups, it can only repeat (or coincide with itself)
after a full rotation of 360°. As a result, aysmmetrical
motifs are classified as being of order 1.Examples are
shown in Figure 2,
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Figure 2. Asymmetrical Motifs
Sekil 2, Asimetrik Motifler

Motifs which do exhibit symmetry characteristics
(Fig. 3) may be classified using the following notation:

1m, 2, 2mm, 3, 3m, 4, 4mm, 5, 5m, 6, 6mm,..n, nm, n+1,
n+lmm
The addition of a mirror to an asymmetrical repea-

ting unit will yield a motif with bilateral symmetry

which has a point group of order 1m. Motifs from point
group 2 are comprised of two fundamental units, have

two-fold rotocentres and are of identical appearance if
viewed right-side-up or up-side-down. Motifs of order
2mm have bilateral symmetry around both their hori-

zontal and their vertical axes. These motifs contain a
two-fold centre and two mirrors (one horizontal and

one vertical). Three rotations (of 120°, 240° and 360°)

bring a group 3 motif into coincidence with itself. Gro-

up 8m motifs have three bilaterally symmetrical porti-

ons spaced at 120°. Figure 4 shows examples of motifs
from higher order point groups.

4, LINE GROUPS

The symmetry operations of translation, reflection,
rotation and glide reflection may be combined to produ-
ce continuous line groups (Figure 5). A total of seven
(and only seven) distinet possibilities (from the viewpo-
int of symmetry) are evident and these may be classifi-
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nurken dikey, yatay ya da capraz
yonde tekrarlandaifn " teleme"
b-Motifin ¢evirmeyoluyla tekrar-
landifn "dondiirme”
c-Motifin bir aynamn yaptifa gibi
yansima ile tekrarlandifx "yansit-

d-Motifin dteleme ve yansitma
ile tekrarlandifn "kaydirarak yansit-
ma"

Iki boyutlu simetri en iyi su ii¢ ge-
nel baghk altinda incelenir:

a-Nokta gruplan

b-Dogru gruplar

c-Diizlem gruplan

Nokta gruplari, kendi iglerinde
yansima ya da sabit bir nokta (ya

da dénme merkezi) etrafinda don-
me ileilgili (simetri 6zellikleri gste-
ren motifleri igerir. Dogru gruplar
yalmzca bir yonde giden ve boylece
motifin (ki simetrik ya da asimetrik
olabilir) iki siirekli paralel dogru
arasinda tekrarlanmasim saglayan
siirekli desenlerdir. Diizlem grupla-
r1 diizlem boyunca iki yénde tekrar-
layan yaygin desenlerdir. Ug gru-
bun her biri igindeki tasarimlar ya-
pilarinda sakh simetri iglemlerine
gore simflandimlabilir. Bu ileri aga-
madaki simiflandirma agagida kisa-
ca aciklanmaktadir.
3.NOKTA GRUPLARI

Bir asimetrik motif kendi dogas:

g.fkﬂ 3. Simetrik Motifler
igure 3. Symmetrical Motifs
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sonucu bagimsiz simetri dzellikleri
gistermez ve dofru ve/veya diiz-
lem gruplan icinde bir tekrar biri-
mi olarak kullamlabildii halde, yal-
nizea 360° lik tam bir dénmeden
sonra tekrarlayabilir (ya da kendisi
ile gakigir). Sonugta asimetrik mo-
tifler 1,derecede olarak simiflandiri-
lirlar. Ornekleri Sekil 2’de gosteril-
migtir.

Simetri 6zellikleri gdstermeyen
motifler (Sekil 3) agafndaki notas-
yon kullanilarak siniflandirilabilir:

lm, 2,2mm,3,3m,4,4mm,5,5m,

n,nm, n+1, n+1mm,

Asimetrik bir tekrar eden birime
bir ayna gorintiisiiniin eklenmesi
Im dereceli bir nokta grubuna sa-
hip iki yonlii simetrik bir motif iire-
tecektir. Nokta grubu 2'den gelen
motifler iki temel birimden olugur-
lar, iki kath dénme merkezine sa-
hiptirler ve sag tarafi yukarida veya
iist kenar1 agagida olacak bicimde
bakildiginda benzer goriiniigtedir-
ler. 2mm dereceden motifler yatay
ve dikey eksenlerine gore iki yonlii
simetriye sahiptirler. Bu mofifler
iki kath merkez ve iki aynaya gore
simetri (Biri yatay biri dikey) igerir-
ler. Ug déndiirme iglemi (120°,240°
ve 360°) bir grup 3 motifi kendisiyle
calagacak konuma getirir. Grup 3m
motifler 120° ag1 aralikli ii¢ adet iki
yonlii simetrik boliime sahiptirler.
Sekil 4 daha yiiksek dereceli nokta
gruplarina ornekleri giostermekte-
dir. -
4.DOGRU GRUPLARI

Otleme, yansitma, déndiirme ve
kaydirarak yansitma simetri iglem-
leri siirekli dogru gruplan iiretmek
icin birlestirilebilirler. (Sekil 5).
Toplam yedi (ve yalmzea yedi) belir-
gin olasilk (simetrik bakig agisin-
dan) agikea gorillmektedir ve bun-
lar agagidaki notasyon kullanlarak
sinflandirlabilirler,

ttg,tm mt,12,t2mg t2mm

En basit dogru grubu, asimetrik
bir motifin (grup 1) dteleme ekseni
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ed using the following notation:
t, tg, tm, mt, 12, t2mg, t2mm.

Figure 4. Motifs From Higher Order Point Groups
Sekil 4. Yiiksek Dereceden Nokta Gruplarina Ait Motifler

The most elementary line group is translation group
t which is generated by successive translation of an
asymmetrical (group 1) motif, by a specified distance
along an imaginary line known as the translation axis.
Group tgisproduced by glide reflection of a group 1 mo-
tif. Point group 1 asymmetrical motifs can, therefore,
generate two alternative line groups. Likewise, point
group m motifs can generate two line groups: groups
tm and mi, Patterns from line group tm have two alter-
nating mirror lines (one placed through the centre of
each motif and one between successive motifs) perpen-
dicular to the direction of translation. Line group mt
paiterns have a single mirror line that runs along the
direction of translation. As an aid to identification, Ste-
vens (1984, p. 126) observed that group tm translates
reflections while group mt reflects translations.

The three remaining line groups contain two-fold
centres (which belong to group 2 and group 2mm mo-
tifs). These three line groups are easily distinguished
from the first four line groups by turning the pattern
upside down,; if the pattern appears the same, then it is
grouped as t2 or 12mg or t2mm. Line group t2 patterns
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are characterised by successive translations of motifs
with two-fold centres. In this way, a second two-fold
centre is generated which alternates with the first
two-fold centre. Line group t2mg may be generated
using one of four procedures: by successive reflection
of a group 2 motif; by successive translation of two gro-
up 2 motifs; by successive rotation of a group m motif; |
by successive glide reflection of a group m motif. The 1
remainingline group t2mm is comprised of two alterna-
ting 2 mm point groups. A continnous horizontal mir- ;
ror and two alternating perpendicular mirrors run the
length of the pattern. The intersections of the mirrors *‘
are located at the centres of two different 2mm point |
groups, with the result that one 2mm centre alternates
with the other.

] ] ) ] o] t

A | A | S |

tm
2 ] ] ] ]
=== mt
2 ] L ]
— = = t2
B e

Figure 5. The Seven Line Groups
Sekil 8. Yedi Dogru Grubu

5. PLANE GROUPS

As with line groups, the four symmetry operations
of translation, reflection, rotation and glide reflection
may be used in the generation of plane groups. Plane
groups contain a further symmetry element: a frame-
work of corresponding points which form a lattice. The
lattice points of a given pattern my be connected to pro-
duce parallelograms of the same shape and content,

Only rotations of orders 2, 3, 4 or 6 can occur in the
generation of plane groups. This is sometimes referred
to as the crytallographic restriction [see e.g. Stevens,
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olarak bilinen hayali bir eksen bo-
yunca belirli uzunlukta birbirini iz-
leyen &telenmeleriyle olugturulan t
dteleme grubudur. tg grubu bir
grup 1 motifin kaydirilarak yansihl-
mastyla iiretilir. Asimetrik nokta
grubu 1 motifler, dolayisiyla, iki se-
¢enekli dogru grubu tiiretirler. Ben-
zer bigimde, nokta grubu mmotif-
ler iki dogru grubu tiiretebilir-
ler:tm ve mt gruplari. im dojru gru-
bundan tiiretilen desenlerin, étele-
me ydniine dik doniigiimlii iki yan-
sitma ekseni (biri her bir motifin
merkezinden gegen ve digeri birbiri-
ni izleyen motiflerin arazsinda clan)
vardir. mt dogru grubu desenlerin
Oteleme yonii dogrultusunda yer
alan tek bir yansitma ekseni vardir.
Tanimlamaya yardimal olarak Ste-
vens (1984, S126) mt grubu otele-
meleri yansitirken tm grubunun
yansimalan Gteledifini gozlemle-
misgtir.

Kalan ii¢ dogru grubu (grup 2 ve
grup 2mm motiflere ait olan) iki
kath merkezler icerirler. Bu ii¢ dog-
ru grubu ilk dért dogru grubundan
deseni ters cevirerek kolayca ayrila-
bilir, eger desen aym griiniiyorsa,
o zaman {2 vey t2mg veya t 2mm
olarak gruplamr, t2 dofru grubu de-

senler iki kath merkezli motif lerin
birbirini izleyen ételenmeleriyle ta-
nimirlar. Bu yolla birinei iki kath
merkezle doniiglim yapan ikinei bir
iki kath merkez tiiretilir t2 mg dog-
ru grubu gu doirt yéntemden birini
kullanarak {iretilebilir: ki grup 2
motifin birbirini izleyen yansitilma-
siyla; iki grup 2 motifin birbirini iz-
leyen dtelenmesiyle; bir grup m mo-
tifinbirbiriniizleyen déndiiriilmele-
riyle, bir grup m motifin birbirini iz-
leyen kaydirarak yansitilmasiyla.
Geride kalan +2mm dogru grubu
iki déniigiimli 2 mm nokta grubun-
dan olugur. Siirekli bir yatay ayna
ekseni ve déniigiimlii ik idik ayna
ekseni desen boyunes yer ahir, Ay-
na eksenlerinin kesisme noktalan
sonugta bir 2mm merkezin diferi
ile yer degistirdigi iki farkh 2mm
nokta grubunun merkezlerinde yer
alirlar,
5.DUZLEM GRUPLARI

Dogru gruplarinda oldugu gibi,
Gteleme, yansitma, déndiirme ve
kaydirarak yansitma olmak iizere
dért simetri iglemi diizlem gruplan-
m firetmede kullanilabilir. Diizlem
gruplan bir bagka simetri dgesi da-
ha igerirler. Bir drgii (latis) olugtu-
ran hirbirleriyleilgili noktalar siste-

[ ]

Parallelogram

Sqt:nre |

Rectangular

Rhombic

[/

Hem;gonu.l ’
{Equilateral Triangles)

Sekil 6. Bes Bravais Orgiisi, Paralelkenar, Dikdortgen, Rombik, Kare, Aluigen (Ikizkenar

tggenler) [Schattschneider, 1978]

- Figure 6. The Five Bravais Lattices, [Schattschneider, 1978]
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mi Verilen bir desenin érgii noktala-
1 aym bicim ve igerikte paralelke-
narlar iiretmek {izere birlestirilebi-
lirler.

Diizlem gruplarinin tiiretilmesi
sirasinda yalnizea 2,3,4 veya 6 na
dereceden dondiirmeler ortaya gika-
bilmektedirler. Bundan bazen kris-
tolografik bir simirlama olarak séz
edilir (bak Grnegin Stevens, 1984,
8380). Bir desenin dondiirme simet-
risinden yoksun olup, bunun yeri-
ne yansitmalara ya da kaydirarak
yansitmalara dayandi1 kogullarda,
Orgiiniin birbirleriyle dik a¢i yapan
paralel nokta siralarina sahip olma-
s1 gerekir, Bu simrlamalar diizlem
grubu desenlerin tiiretilmesinde
gerceve olarak kullamlabilen bes be-
lirgin orgii tipi olduguna isaret
eder. Baravais orgiileri olarak bili-
nen bu beg érgii tipi Sekil 6'da gos-
terilmektedir.

Beg orgii tipi kullamlarak top-
lam on yedi (ve yalnizca onyedi) be-
lirgin diizlem grubu tiretilebilir,
On yedi diizlem grubunu tamtmak
icin kullamlan notasyon, birim hiic-
reyi, en yiiksek déndiirme derecesi-
ni ve difer simetri islemlerini belir-
leyen dort béliim igerir. Diizlemsel
desenleri simiflandirmak igin belirli
birsirada dorde varan sembol kulla-
nan ve uluslararas: kabul goren tek
notasyon agagidakisaca agiklanms-
tir.
P harfi ya da C harfi olmak iizere
ilk sembol, drgii paralel kenarnin
(ya da hiicresinin) ilkel mi ya da
merkezceil mi oldugunu gosterir. Bi-
ze dnceki orgil tipi, desenin kendi-
sinden 6telenerek tiiretildigi en kii-
¢tk birimi igerir. Bir sonraki érgii
tipi ise, yansitma eksenlerinin, si-
metri iglemlerinden sonra iginde
tam bir tekrar birimini (baklava bi-
¢imli hiicre i¢inde) ve kogelerinde
tekrar biriminin dért ¢eyregini bu-
lunduran bityiitiilmis bir hiierenin
kenarlanna dik olacak bigimde ko-
numlandirilabildigi bir dikdrtgenin
iginde tutulan baklava bigimli bir
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1984, p.380]. In circumstances where a pattern is witho-
ut rotational symmetry, but instead relies on reflecti-
ons or glide reflections, the lattice must have parallel
rows of points at right angles to each other. These res-
trictions imply that there are five distinct lattice types
which may be used as frameworks in the generation of
plane group patterns. The five lattice types, known as
Bravais lattices, are illustrated in Figure 6.

A total of seventeen (and only seventeen) distinct
plane groups may be generated using the five lattice ty-
pes. The notation used to identify the seventeen plane
groups consists of four parts which identify the unit
cell, the highest order of rotation and other symmetry
operations, The full internationally accepted notation,
which may use up to four symbols in a defined order to
classify plane patterns, is explained briefly bhelow,

The first symbol, either a letter p or a letter ¢, deno-
tes whether the paralleogram (or cell) of the lattice is
primitive or centred. The former lattice type contains
the smallest unit from which the pattern can be trans-
lated. The latter lattice type is comprised of a diamond
cell held within a rectangle so that reflection axes can
be positioned at right angles to the sides of the enlar-
ged cell which, after symmetry operations, holds one
full repeating unit (within the diamond cell) and four
quarters of a repeating unit at its corners.

The second symbol n denoctes the highest order of ro-
tation. The third symbol denotes a symmetry axis nor-
mal to the x-axis (i.e. the vector directed downward).
The letter m (mirror) indicates an axis of reflection.
Theletter gindicates a glide reflection axis and 1 indica-
tes that the group contains no reflections or glide-ref-
lections (no symmetry axes are present).

The fourth symbol denotes a symmetry axis at angle
o to the x-axis, with « dependent on n, the highest or-
der of rotation (¢a=60° for n=3 or 6; a=45" for n=4;
a=180° for n=1 or 2). The letter m indicates an axis of
reflection, g indicates a glide reflection axis and 1 indi-
cates that the group containg no reflections or glide ref-
lections.

The seventeen plane groups, together with the ap-
propriate notation for each, are illustrated in Figure 7.

6. IN CONCLUSION

This paper has simply focussed on the systematic
classification of what is commonly referred to as design
structure or arrangement (the study of which has, to
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date, been inundated with subjective commentary and
superficial analyses). As a tool, such a classification sy-
stem may prove to be useful in corss-cultural compari-
sons of patterned objects and in particular may actasa
good analytical foundation in the assessment of rates
and levels of cultural diffusion. Although attempts to
utilise symmetry classification in the empirical context
have been limited in number (reviewed recently by
Washburn and Crowe, 1988, Ch.1), it is nonetheless
evident that the potential for further use, particularly
in the textile context, is immense. It is hoped that an
ongoing research project at the University of Leeds will
make a small step towards realising this potential.
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Flgure 7. The Seventeene Plane Groups [Washburn and Crowe, 1988]

diirme derecesini gosterir. Ugiincii
sembol x eksenine dik (bir bagka de-

hiicreden olugur.
Ikinci sembol n en yiiksek dén-
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yigle agagnya dogru ydnlenmisg vek-
tor) bir simetri ekseni anlamina ge-
lir. m harfi (ayna anlaminda) bir
Yansitma eksenini gosterir. g harfi
bir kaydirarak yansitma eksenini
belirtir ve 1, grubun hichir yansit-
ma ya da kaydirarak yansitma iger-
medigini belirtir (hicbir simetri ek-
seni bulunmamaktadir).

Dérdiincii sembol x ekseni ile agi-
yapan, 'min en yiitksek déndiirme
dercesi olan n’e bagh oldugu bir si-
metri eksenini gisterir (n=8 ya da
6 i¢in = 60°; n=4 i¢cin =45, n=1ya
da 2 igin =180°) m harfi bir yansit-
ma eksenini gosterir, g bir kaydira-
rak yansitma eksenini gosterir 1,
grubun hicbir yansitma ya da kaydi-
rarak yansitma igermedigini belir-
tir,

Her biri igin uygun notasyonla
birlikte onyedi diizlem grubu Sekil
7’ de gésterilmigtir.
6.SONUC

Bu makale, yaygin olarak tasa-
rim yapisl ya da diizenlemesi ola-
rak soz edilen sistematik simflandir-
ma fizerinde basitge durmustur (ki
bu konunun incelenmesi bugiine
kadar subjektif yorum ve ylizeysel
analizlere bogulmugtur). Bir arag
olarak béyle bir siniflandirma siste-
mi desenlendirilmig cisimlerin kiil-
tirler arasi kargilastinlmalarinda
fayda saglayahilir ve dzellikle kiiltii-
rel yayllmanin hizinin ve diizeyinin
degerlendirilmesinde iyi bir anali-
tik temel iglevi gorebilir.

Her ne kadar simetri simflandir-
malarnda pratik agidan yararlan-
ma girigimleri sayica az olmugsa da
(bunlar yakin zamanda Washburn
ve Crowe tarafindan gézden gegiril-
migtir, 1988, Boliim 1), yine de 6zel-
likle tekstil konusunda daha ileri
kullanim potansiyelinin simirsiz ol-
dugu bellidir. Leeds Universitesin-
de yiiritiilmekte olan bir arastirma
projesinin bu potansiyelin anlagil-
masina kiiciik bir adim olugturaca-
#1 umulmaktadir,
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