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ABSTRACT

In the countries of the world, people have devel oped vari ous

nmet hods to order words and names based on their cultures. Many
chal | enges and probl ens are associ ated with devel opi ng ways for
conputers to ermul ate human ordering nmethods. An efficient
conput er nethod for obtaining a quality ordering has been devi sed
as an extension to the single-step conpare. It solves many but
not all of the problens. A universal code now exists to store
words and nanmes written in many | anguages and scripts, but there
is no universal way to order words and nanmes. Hence, formal

speci fication nethods are needed for conputer users to describe
culture-specific ordering rules. This area is still open to
research. Meanwhile, international standardization committees
endeavor to formul ate sensible proposals for nulticultura

cont exts.

| NTRODUCTI ON

Today, when we access information stored in conmputers, we often
ask the conmputer to present us lists of itens arranged in an
order that is nmeaningful to us and easy to use. In the future,
will the conmputer render obsolete the |ists of words and nanes
ordered for human reference? WIIl the conmputer | ook up al
information in our place? WIl we no longer need the skills to
find our way around in dictionaries, tel ephone directories, and
the |like? These things are not inpossible, but we ourselves m ght
not live to see them happen

If ordering for human consunption is to stay around for a while,
then the next question that we m ght ask is whether or not it
woul d be possible to harnonize the ways in which lists are
ordered around the world. Mst people are aware that al phabetic
order may differ fromone country to another. The sanme is true
for scripts that are not based on an al phabet: although the

Chi nese Han characters are used to wite Japanese and Korean
lists with Han characters are not in the same order in the
Peopl e' s Republic of China, Japan, Korea, and Tai wan, Republic of
Chi na.

Can we change to a universal ordering systemor at |east nake
ordering the same where the sane script is being used? If the
order of words were the sane, |ife would surely be easier for the
traveler! Unfortunately (if the reader permits that expression),
the way in which we work with ordered lists is a cultural aspect
and is related to the | anguages that we use. A proposal to change
ordering habits is a bit |like proposing a spelling reform



Everyone is in favor of sinplification as long as it applies to
ot her groups of people, but we see no reason to change things for
ourselves. In fact, |ooking back to the roots of our own culture,
we find many good reasons why things are as they are today, so a
change is sel dom perceived as an inprovenent.

The conclusion is, for the tinme being, that we nay as well use
the conputer to help us organize lists and to take into account
that the task of ordering lists is not universally the sane.

Thi s paper explores the issues involved with ordering and the
ways the conputer can deal with them It describes how peopl e
order words and nanes, and consequently, how they expect words
and nanmes to be ordered if a conputer does the ordering. It
presents exanples of ordering in various cultures. This paper
concentrates on the ordering of words and nanes; it does not

i nclude a discussion of nunerical ordering.

WORDS, NAMES, AND CHARACTER STRI NGS

Conmput ers store words and nanes as character strings. The synbols
that we use for witing are mapped to bit patterns in conputers,
and these patterns are chai ned together. For pragmatic reasons,
the bit patterns do not correspond to graphic synbols in a sinple
one-to-one fashion. Attributes such as the font in which the
symbol is presented and the size of the synbol are usually stored
in separate areas, and the bit pattern for the specific character
that represents the synbol remains the sane. Also, severa
characters or bit patterns can sonetines be represented by the
same graphic synbol. For exanple, the characters LATIN CAPI TAL
LETTER A and GREEK CAPI TAL LETTER ALPHA can be rendered with the
same graphic synbol A Finally, the chaining of characters to
strings may not conpletely agree with the visual arrangenent of
correspondi ng graphi c synbol s.

In other words, there are differences between how peopl e order
wor ds and nanmes and how conputers order the corresponding
character strings. People conbine know edge about words and nanes
(for exanple, how to read and pronounce then) with visual aspects
of the witten or printed words and names. Conputers nust work
with the bit patterns.

Wth regard to character coding, the International Standard

| SO | EC 10646-1: 1993, Universal Miltiple-QOctet Coded Character
Set, and the de facto standard, Unicode version 1.1, are
considered state of the art. These two codi ng nmet hods can
conveniently be considered as identical, and the sane
abbreviation, UCS, refers to both of them Wth UCS codi ng, words
and nanmes can be stored in many of the scripts of the world, and
Chi nese Han characters can be chained together with Latin, Greek
Cyrillic, Hebrew, and Arabic letters and many nore.

Bef ore di scussing the conplexities of UCS coding, this paper



expl ores sone inportant aspects of ordering of character strings
in the next section.

LEXI CAL ORDERI NG

Wth lexical ordering, the conputer takes into account only the
ki nds of characters that appear in the strings and the
arrangenent of these characters. Apart fromthe ordering

al gorithm and the associ ated data, the conputer uses no other
know edge that it m ght have about the words in the character
strings. For exanple, it does not use an electronic dictionary or
rul es about natural |anguage syntax, phonetics, and semantics.
The idea is to see how conputers can work with reasonably

ef ficient techniques, while staying close to how people work.
Meani ng- based ordering and searching with the conputer is an
interesting subject in itself, but is too broad a scope for this
paper.

When peopl e order words or nanes or when they are | ooking for
themin an ordered list, they often use (unconsciously sonetines)
t he neani ngs of these words or sone ot her know edge about the
words or nanes. For exanple, when |ooking for the nane McM I I an
in a tel ephone directory, they mght try to find it between
MacLeod and MacNeville, knowing that Mc is the same as Mac. They
nm ght even | ook between Mel bourne and Murphy, ignoring the M of
McM Il an altogether. If the conputer has only a character string
that represents the letters of the nane McMIlan, then it |acks
the know edge to | ook up the nane any other way. Lexical ordering
cannot incorporate expanding or ignoring prefixes and
abbreviations; there is no lexical rule to deternine what part of
the character string mght be a prefix or an abbreviation

As anot her exanple, in Japanese many Han characters (called kanji
by the Japanese) are pronounced in a different way dependi ng on
the context. Japanese dictionaries for general use are ordered by
pronunci ation; therefore, if the conputer has only the kanji
character in the character string, it cannot order or look up in
the sane way as people do in Japan. The character for rice, for
exanple, is pronounced nmai in a formsuch as gai nai (inported
rice), but as bei in a formsuch as bei koku (Anmerica). The
difference is due to the historical background of the character
or when, in its specific context, it was borrowed fromthe

Chi nese. When kanji are used in proper nanes, such as nanes of
persons and geographi cal nanmes, there nay be no context

i nformati on, and human intervention m ght be needed to know the
correct pronunci ation.

In these cases, since the conputer nmust m m c how peopl e order
and is limted to | exical techniques, nore than codes for the
letters or for the kanji nust be stored in the character strings.
For exanple, the conputer m ght have a character string that
contains a kanji character plus its pronunciation represented

wi th kana characters. Or the conputer m ght have strings such as



(M)MIlan with the convention that the parentheses indicate
parts to be ignored for ordering and searching.

Modern dictionaries and tel ephone directories use |exical
techni ques as nuch as possible, which is better in a

mul ticultural environnent. It is rmuch easier to understand and
apply lexical rules for searching than to acquire intuitive
know edge of an unfamiliar culture.

Words, Not Individual Letters

It is inmportant to understand that people order words and nanes,
not just the individual letters and synbols. Consequently, good
quality lexical ordering that cones close to how people work
cannot be achieved by |ooking at all the characters in a string
only once, fromthe first one through the |Iast one. This concept
can best be illustrated with al phabetic scripts, and sonme English
exanpl es are given bel ow.

When one | ooks for SOS in a nodern English dictionary, one
expects to see it between sort and soul. Now, to find SOS between
sort and soul, one nust ignore that SOS is in uppercase letters
and sort and soul are in lowercase. This type of |ookup is

achi evabl e by looking at all the letters once.

Now consi der the abbreviation CAT, neaning clear air turbul ence.
CAT is |isted between casual and catalyst. In this case, we
cannot ignore the difference between CAT and cat. The dictionary
lists both words, and sone dictionaries consistently |ist

| ower case words before uppercase words (or vice versa), so the
order using |lowercase first would be casual, cat, CAT, catalyst.
It is not possible to devise an algorithmor method that woul d
arrange these four words in the correct order by |ooking at al
the letters once. To guarantee the correct order in all cases, a
first step is needed in which uppercase is considered equal to

| owercase; the two words cat and CAT nust be placed in the
correct order in a second step, in which uppercase and | owercase
make a difference.

Dealing with uppercase and | owercase is not the only issue for

al phabetic ordering. Many | anguages use letters with diacritica
mar ks such as accents. Wrds and nanmes nmay al so contain spaces or
speci al synbols, such as hyphens, apostrophes, and points.
Exanpl es are big bang, best-seller, rock 'n" roll, and P.S. Wen
ordering is strictly al phabetic, as is the case in nany
dictionaries, then accents on letters, spacing, and specia
synmbols are ignored in the first step, but they are taken into
account to resolve a tie. For exanple, the correct order in
French m ght be denier, dénier, dernier; or Nb, NB, N. B., Nd,
n.d., N.D. in English.

TABLE- DRI VEN MULTI LEVEL ORDERI NG



The heart of ordering nethods is the conparison of two character
strings. If we have an algorithmto deterni ne whether one string
shoul d precede, follow, or be considered equal to a second
string, then arranging a list of strings in the correct order is
strai ght f orward.

Si ngl e-step or One-level Conpare

The single-step conpare or one-|level ordering algorithmis known
by nost readers:

Conpare the first characters of the two strings; if equal, then
conpare the second characters; continue until a difference is
found or until at l|east one string is exhausted. If a difference
is found, then the character-coll ati ng sequence determ nes which
string precedes the other. (Exanple: words precedes worKking
because d precedes k.) If one of the two strings is exhausted,
then the shorter string precedes. (Exanple: word precedes words.)
If both strings are exhausted, then they are considered equal

Mul tiple-step or Multilevel Conpare

The state-of-the-art conputer method for conparing character
strings is a generalization of the single-step conmpare. If, after
usi ng the above algorithmwith the first collating sequence, both
strings are found to be equal, then in the second step the
algorithmis repeated. Both strings are conmpared again, starting
fromtheir first characters, now using the second collating
sequence. The second step may be followed by a third step and so
on, one step for each collating sequence.

To be precise, the one collating sequence of all characters is
replaced by a matrix of collating weights and coll ati ng wei ght
sequences for each weight (W colum. Consider the follow ng
exanpl e:

W W B
LATI N CAPI TAL LETTER D <D> <NONE> <UC>
LATI N SMALL LETTER E <E> <NONE> <LC>
LATIN SMALL LETTER E W TH ACUTE <E> <ACUTE> <LC>
LATIN SMALL LETTER E W TH GRAVE <E> <GRAVE> <LC>
LATI N CAPI TAL LETTER E <E> <NONE> <UC>
LATI N CAPI TAL LETTER E W TH ACUTE <E> <ACUTE> <UC>
LATI N CAPI TAL LETTER E W TH GRAVE <E> <GRAVE> <UC>
LATIN SMALL LETTER F <F> <NONE> <LC>

The col |l ating sequence for WL is <A> <B> <C>, etc. This neans
that, with the exanple matrix, all variants of Latin letter E are
equal in the first comparison step. The coll ati ng sequence for W2
is <NONE>, <ACUTE>, <GRAVE>, which neans that in the second step



the accents nmake a difference, but there is no distinction

bet ween | owercase and uppercase variants. That distinction is
made in the third step: the collating sequence for WB is <LC>,
<UGC>.

The weight matrix and the coll ating sequences can be placed in
tabl es that are used by the ordering algorithm hence the nane
tabl e-driven multilevel ordering.

If this exanple matrix is extended in a simlar way, then the
nmul tilevel algorithmwould place the follow ng words (nost of
which are real French words) in this correct order:

dénie, DENIE, denier, DENI ER, dénier, DEN ER, dénier, dernier

The nethod that is described here is also used in POSI X

(1 SOIEC 9945-2.2 Shell and Utilities, LC COLLATE
Definition).[1] Rolf Gavare was ampong the first to publish a
paper on nultiple-step conparisons.[2] Alain LaBonté was the
first to describe it as explained in this paper, and he al so

i mpl emented it as a Canadi an Standard (CSA Z243. 4. 1-1992).
LaBont é devi sed a conpl ete and predictable ordering nethod that
corresponds to very fine detail with the best exanples of French
and English dictionary ordering.[3]

Generate Conpari son Key

Wth the multilevel method, it is also possible to have the

al gorithm generate a conpari son key for a specific character
string rather than always conpare two strings. These comnpari son
keys can be stored with the character strings; a one-leve
conpari son of keys then gives the sane result as a nultileve
conpari son of the original character strings. For exanple, and
agai n extending the exanple nmatrix given above, the conparison
key for dénie could be a convenient nunerical representation of
<D><E><N><I| ><E><ni | ><NONE><ACUTE><NONE><NONE><NONE><ni | >
<LC<LC<LC><LC<LCs.

The <nil > precedes all other weights. Its presence at the end of
the conparison key subfields guarantees that shorter strings
precede | onger strings. Efficient conpression techniques exi st
for such conpari son keys.

VARI ATI ONS OF THE MULTI LEVEL METHOD

The foll owi ng section expands upon the nultilevel method and

gi ves exanpl es of changes necessary to accommodate cultura

di fferences in word order.

Speci al Synbol s

Wth a small extension, the nultilevel nethod can al so handl e



speci al characters such as the hyphen and the apostrophe, to
mmc traditional human al phabetic ordering. Another weight
colum nust be added to the matrix given above to distinguish
letters from special characters:

LATI N SMALL
LETTER E <E> <NONE> <LC <LTR>
HYPHEN- M NUS | GNORE | GNORE | GNORE <HPH>

The | GNORE i ndicates that the character is skipped in the
conparison algorithmin the first three steps. A collating
sequence for W, in which <LTR> precedes all synbols for specia
characters such as <HPH>, guarantees that words and nanmes wi thout
speci al characters precede the ones with exactly the

same letters, but with special characters.

A four-level ordering such as the one suggested here is
sufficient for a good quality, conplete, and predictable
al phabetic ordering with the Latin al phabet.

Additional Letters

For nmpost | anguages written in Latin characters, the correct order
of words would be senior, sefiorita, sentinental, separable. To
achieve this order, WL would be ..., <M>, <N>, <O, ..., and the
matri x would include LATIN SMALL LETTER N WTH TI LDE, where W is
<N>, W2 is <TILDE> and WB is <LC>.

In Spanish, the NWTH TILDE is considered a letter to be ordered
between N and O and the correct order is senior, sentinental
sefiorita, separable. To achieve this type of ordering, WL woul d
be ..., <M>, <N>, <NTILDE>, <O, ..., and the matrix would add
LATIN SMALL LETTER N W TH TILDE, where WL is <NTILDE>, W is
<NONE>, and WB is <LC>.

Li gatures

The multilevel nmethod can al so handl e ligatures by allow ng each
matri x el ement to be a sequence of weights, rather than one

wei ght. For AZin French and Swedi sh, the matrix would include
LATI N SMALL LI GATURE AE, where WL is <A><E> W is <LG<LG>, and
WB is <LC><LC>. In these | anguages, LI GATURE AE is equivalent to
two letters when ordering words. In Norwegian, the A£is a letter
onits omm. W is ..., <Y> <Z> <AE> <OSTROKE>, <ARING>. For
the matrix el enent, LATIN SMALL LI GATURE AE, W is <AE> W2 is
<NONE>, and WB is <LC>.

Logogr ans



Some special synbols, sonetines called | ogograns, can be seen as
short notations for words: & + % A culture-specific ordering may
repl ace such synbols by the corresponding words. |If the |anguage
is English, for exanple, then Research & Devel opnent can be
ordered as Research and Devel opnent. As long as a fixed rule

exi sts for replacing synmbols by equival ent words, the extension
that was introduced for Acan be applied in a simlar way to
obtain the desired ordering. On the other hand, if the

repl acenent word depends on the | anguage used in the rest of the
string, then lexical ordering cannot do the job properly without
nore information coded in the character strings.

Fine Tuning for the Accents

The table-driven nmultilevel method, as explained so far, would
pl ace French words in this order: cote, coté, cbte, cbté, nmmgon,
macon. In a traditional, correct ordering, they should be in the
foll owing order: cote, cbdte, coté, cbté, macon, magon. (In
general, accents at the end of a French word are nore inportant
for understandi ng than other accents.)

To obtain the desired ordering, another extension of the

mul tiple-step nmethod is needed: for the second step, the one that
di scri m nates between quasi - honographs (words that differ only in
their diacritical nmarks), the comparison algorithm should start
fromthe end of the strings rather than fromthe begi nning. For
the other Western | anguages that use the Latin al phabet, this
reverse processing for the accents is not needed. On the other
hand, it does not hinder either, so the French nethod is
acceptabl e as wel |

French is not the only | anguage with such quasi-honographs. In
new Greek, with the nodern nonotoni ko spelling, all multisyllabic
wor ds have one accent that indicates the stressed syllable.
New Gr eek has many quasi - honogr aphs, including the follow ng
exanpl es, which use a sinple transcription of Greek letters to
Latin letters: &rguros, arguros, diakonia, diakonia, nmétro,

nmetro, para, para. The French nethod of reverse processing
produces acceptable results for new Greek as well

Fine Tuning for the Special Synbols

Wth the tables extended as explained in the section Specia
Synmbol s, the nmultiple-step algorithmwould order words as

foll ows: unionized, union-ized, un-ionized. For the exceptiona
cases such as this one, in which two words are identical except
for the placenent of a special synbol, the order unionized,
un-ioni zed, union-ized may seem nore appropriate. Usually, the
hyphen is perceived as a word break, not on the first |evel, but
on a subsequent |evel, and with word breaks, shorter words al ways
cone first.



To obtain the latter ordering, one could use the same techni que
as for the diacritical marks: have the algorithmstart fromthe
end of the strings for the level that deals with the specia
symbols. POSI X has a snmall extension to the nmultilevel nethod
that gives simlar results while still noving forward. This
extension adds the position of the synmbol to its table weight
during conpari son.

Speci al Synmbols in Conbination with Uppercase and Lowercase
Characters

This section does not introduce a new extension but reconsiders
the extension for the special synmbols. This nmethod adds a fourth
wei ght col um:

LATI N SMALL LETTER E <E> <NONE> <LC> <LTR>
HYPHEN- M NUS | GNORE | GNORE | GNORE <HPH>

Wth WB for uppercase and | owercase and W for the specia
characters, the distinctions between uppercase and | owercase are
considered nore inportant than the presence or absence of spacing
and special synbols. In many cultures, this is indeed the case
with proper names of people. The followi ng order is desired with
nanmes that differ in use of uppercase or |owercase letters:
deGroot, de G oot, Degroot, De groot, DeGroot, De Goot.

For some geographical nanmes, it could be argued that specia
synmbols are nore significant than the difference between

| ower case and uppercase. For exanple, the desired order is
Sanssouci, SANSSOUCI, Sans Souci, SANS SOUCI, Sans- Souci

SANS- SOUCI . (Sanssouci is a castle near Potsdamin Germany; Sans
Souci is a city in South Carolina, U S A, and a suburb of
Sydney, Australia; and Sans-Souci is a historical place on
Haiti.) To obtain this order, WB and W nust be swi tched.

SOVE PROBLEMS W TH THE MULTI LEVEL METHOD

To obtain the correct order, changes are sonetines necessary to
the nultilevel method. This section discusses cases in which it
is less easy to adapt the table-driven rmultilevel method.

Di graphs and Col |l ati ng El enents

CH and LL have special placenent in the Spanish al phabet. Spanish
is not unique in this respect; conbinations of letters also have
speci al placenment in the Al banian, Hungarian, Vietnanese, and

Wel sh al phabets. The Wl sh ordering al phabet, for exanple, is AB
CCHDDDEFFFGNGHI JLLLMNOPPHRRHST THUWY,
and the following list of words is correctly ordered in Wl sh:
acw, achos, adwy, addas, agwedd, angau, alnmon, allan, anfynych,



anf f odus, antur, anthem

Before the nultilevel nmethod can be applied, it is necessary to
repl ace the multiple-character comnbi nati ons by pseudo-characters.
In POSI X LC_COLLATE, such a nmechanismis foreseen. One can

decl are conbi nati ons such as LATIN SMALL LETTER C fol | owed by
LATIN SMALL LETTER Hto be collating elenents and give them a
nane that can be used in the matrix.

At first it would seemthat this solves the problem One
conplication, however, is that the two letters together do not

al ways represent the special al phabet letter. In Wlsh, for
exanple, the N and G are separate letters in the Wl sh words

nmel yngoch, dangos, gwyngal chu, and mwngl awdd. The word

nmel yngoch then is anong words starting with nelyn, not after the
words with nmelyg. More information nmust be coded in the character
strings that represent Wl sh words to define a correct |exica
orderi ng.

A similar problemexists with Danish. In nost Dani sh words, aa is
semantically and phonetically equivalent to & Danes expect aa
and & to be ordered together, after Z, & and @ But in words of
foreign origin, aa is just A+ A

The reader with a know edge of programr ng conplexity will
probably al so see that the coll ati ng-el enent extensi on nakes the
tabl e-driven multilevel nmethod | ess straightforward to inplenent.
If there are only a few coll ating-el ement extensions, then sinple
wor karounds mi ght hel p, but what if there are thousands of thenf?
(I mprobabl e? Wait to formyour opinion until you read the section
Added Conplexity with UCS Coding.)

Sequences, However Long

Ot her ordering requirenents are difficult to accompdate with the
matri x nmethod. For exanple, the British standard on ordering, BS
1749: 1985, requires that (in the first step) spaces, dashes,
hyphens, and di agonal sl ashes and sequences of them be treated as
a single space (which is significant), except at the begi nning of
an entry, where they should be ignored. Making a space
significant for ordering is easy, but the collating-el enment
extension unfortunately does not allow recursive definitions, so
it cannot incorporate the sequences of spaces, etc.

O her Probl ens

Cont ext dependencies illustrate another problem for

col | ati ng-el ement extensions. The Japanese | anguage has severa
DUP characters, the weights for which depend on the context. For
first-level ordering, a DUP character in a Japanese word or nane
can be consi dered equivalent to the character that precedes it.
Hence, if X represents a Japanese character, then X foll owed by
DUP is equivalent to X followed by X in the first comparison



step. Tie breaking is done in a subsequent step: X DUP then
precedes X X. |If collating-elenent definitions are used,
definitions for all possible conbinations are required.

ADDED COMPLEXITY W TH UCS CODI NG

The concepts discussed in this section have existed in other
coded character sets for sonme tine. For exanple, |SO 6937 has
combi ni ng characters, and | SO | EC 8859-7 contains Latin and G eek
letters. Wth UCS, script mxing and conbi ning characters will

for the first tine be inplenented on a wide scale, not only
geographi cal ly speaki ng, but al so when counting the nunmber and
the inmportance of the conputer platfornms on which UCS coding will
exi st.

UCS has room for sone 65,000 characters in the currently defined
basic multilingual plane. The first and nobst obvious inplication
is that the tables for the multilevel nethod will be huge with
uCs

M xing Scripts

Wth UCS coding, many scripts can be used in a single character
string. Although all |anguages with a non-Latin script have sone
tradition of incorporating words and nanes witten in Latin
letters, there are not many rul es about ordering in such a
context. For exanple, where should the Latin-letter abbreviation
SOS be placed in a Greek, Russian, or Chinese dictionary? The
problemw th conputers, of course, is that everything nmust be
speci fied, including the unusual situations.

Ordering Han Characters

As previously stated, UCS al so codes Han characters. The people
who use themfor witing characterize a Han character with
attributes such as its main radical, the nunber of pen strokes to
draw t he character, and its Chinese or Japanese pronunciation. (A
radical is a constituent part of the character.)

For exanple, the Han characters with Japanese pronunciation

tera (tenple), kata (type), and shiro (capital) all have the sane
mai n radical. Tera has six strokes; kata and shiro have nine. The
Chi nese pronunci ations are ji, kei, and jyou.

A popul ar ordering is by radical first, then by nunber of
keystrokes, and finally by Chinese pronunciation. Wth this
ordering, tera comes first (it has only six strokes), and

kata precedes shiro because of the Chinese pronunciation. If this
were the one and only way of ordering Han characters, then the
conmput er woul d not need to know about the radicals, pen strokes,
etc. Each Han character has a different code (bit pattern), so a
single (but long) collation order for the correspondi ng codes
woul d be sufficient.



Significantly, each dictionary of Han characters has devel oped
its own tradition for ordering. Depending on the application
audi ence, school, or political considerations, the preferred
ordering may be different. For exanple, the onyom ordering is
al so in popular use in Japan. It is by Chinese pronunciation
first, then by stroke count. Wth onyom ordering, kata cones
first, then tera, and shiro is the last one.

Han characters are always ordered character by character, so the
mul tilevel nethod that applies multiple weights in nultiple steps
i nvol ving conplete strings is not required. Han characters
require multiple weights with a specific conbination that is
dynami cally selected for a single-step ordering.

It is not evident how this dynanmic single step can be conbi ned
with the standard multiple-step method, which is needed for UCS
strings containing Han characters m xed with other ones.

Combi ni ng Characters

UCS al so contains the concept of conbining character. In the
exanple matrices given above, it was assuned that letters with
accents such as LATIN SMALL LETTER E W TH ACUTE are coded as one
character. UCS i ndeed has such one-character codings, but it
allows a letter with an accent to be coded as two characters as
wel | . The sequence of two characters LATIN SMALL LETTER E

foll owed by COMBI NI NG ACUTE is also valid in UCS

UCS does not state that LATIN SMALL LETTER E WTH ACUTE is the
sane as LATIN SMALL LETTER E foll owed by COMVBI NI NG ACUTE; it
leaves it to applications to consider them equival ent or not.
Needl ess to say, nmany application devel opers will want users to
have the possibility of considering both forns equival ent, at

| east for ordering.

The notion of equival ence becones quite intricate with two or
nore diacritical nmarks. See the paper on Unicode in this issue
for a discussion on transformati ons between equival ent
spel li ngs. [ 4]

For our extended nmatrix method, not only thousands, but an
unlimted nunmber of collating elenments woul d have to be defi ned.
UCS al |l ows any nunber of combining characters to follow a
nonconbi ni ng charact er

Logi cal Order and Codi ng Order

Wth UCS coding, the order of the characters in a string is

the logical or reading order, not the order in which the synmbols
have to be printed or displayed. Hence, UCS encoded text is
difficult to display and print, but relatively easy to be
processed, e.g., for ordering.



In Thai, unfortunately, this approach was not inplenented
totally. The vowels and diacritics that appear above or under a
consonant are coded in |ogical (reading) order, but Thai has five
so-call ed pre-positioned vowels that are witten and coded before
the consonant after which they have to be pronounced. This
corresponds to current conputing practices in Thailand and was

i ncorporated in UCS coding as a sort of backward conpatibility.
For exanple, the word witten and encoded as E + CH + N (ignoring
vowel shortener and tone nmark) is pronounced chén and ordered
accordingly. To allow correct ordering for UCS-encoded Thai

Some preprocessing is necessary to arrange the Thai vowels in the
correct position for the ordering step

Formatti ng Characters

Many coded character sets contain characters that do not
correspond to sone witten synbol but have sone control function
often for output formatting. For ordering, these formatting
characters can usually be handled in the sane ways as specia
characters.

The characters ZERO W DTH JO NER and ZERO W DTH NON- JO NER are
anong the UCS formatting characters. Their prinmary purpose is to

i nfluence the display of characters of a cursive script such as
Arabic. Before UCS was finalized, sonme people suggested that ZERO
W DTH NON- JO NER m ght be used to indicate the absence of specia
di graphs such as in the Wl sh word nel yngoch. It has al so been
proposed that ZERO WDTH JO NER m ght be used to create new
letters such as unusual or newy invented |igatures. Today, this
is no |l onger considered a valid use of these formatting
characters.

TOMARD A FORMAL DESCRI PTI ON OF ORDERI NG

Excel |l ence for conputer applications nmeans not only that the
application incorporate a different way of ordering for each
culture, but also that it give freedomto its users to define
variations and use different approaches to ordering. This is

i mportant for some cultures. Not so |ong ago, the use of nultiple
letter fonts was consi dered specialized work for professiona
printers; today every word processor nust allowit. Flexibility
with regard to ordering nmay al so become commnpl ace a few years
fromnow. But how can such flexibility be provided in a
conput er-di gestible yet user-friendly way?

Many docunents describe ordering in an infornmal way. Nationa
standards on ordering are seldom formal definitions. They contain
directives such as each unbroken sequence of digits, disregarding
commas, spaces, and stops, is considered as one character; or
mul ti pl e hyphens collate as one; or ij is ordered as i + j; or

B = ss. Such directives are vague for conputers. They are

i mprecise: Is the hyphen to be understood as the character



HYPHEN- M NUS only, or also as related, but distinct characters in
UCS codi ng such as HYPHEN, M NUS SIGN, and others? They are al so
inconplete: ij is ordered, but not 1J, |Ij, and iJ. They use
graphi c synbols, where the conputer wants to know thi ngs about
characters: Does R stand for LATIN SMALL LETTER SHARP S or for
GREEK SMALL LETTER BETA?

On the other hand, the descriptions for POSI X LC_COLLATE are
quite formal. They are nore or |less bound to a specific

i mpl enmentation, in this case the table-driven nmultilevel nethod
descri bed above. A nmore sinple formal description is sonetines
sufficient. For exanple, if the data to be ordered is filtered
and contains only uppercase Latin letters, then the PGCSI X synt ax
may seem an overkill. In other cases, the LC_COLLATE formalism

| acks expressive power, as we have seen.

Is it possible to design a formal specification nethod that falls
bet ween the descriptive texts in country standards and the al npst
al gorithm c paraneters such as POSI X LOCALEs?

| SO | EC 10646-1: 1993 may provide a first step to build formal
definitions. It is the nost conprehensive repertoire of
characters to date and a strict superset of many earlier
repertoires and coded character sets. Mreover, it establishes a
uni que and aut horative namng for characters. This paper uses
character nanes such as LATIN CAPI TAL LETTER E W TH ACUTE. 1|SO
has deci ded that the 10646 names will be used in all future
character set standards and standard updates. In a certain sense,
| SO | EC 10646-1: 1993 is a character reference manual, and fornal
definitions about ordering can be built upon its content.

PREPROCESSI NG

Preprocessing a character string, transformng it into text

el ements or linguistic units in a |ogical sequence, is a second
concept that deserves elaboration. It was nmentioned in relation
to Thai with its pre-positioned vowels in a preceding section.

Breaki ng down a string into the snmallest units to be processed by
an ordering algorithmand arranging these units in the desired
processing order is a powerful mechanism It could also be used
to detect collating elenments, to replace Japanese DUP characters,
or to transform character sequences that contain conbining
characters. This nechani smwould then allow the table-driven

mul tilevel nethod to be used to its full extent on preprocessed
strings.

Preprocessi ng m ght change the character string: units are
rearranged, characters are replaced by other ones, etc. It is
possible that two originally different character strings could be
preprocessed to an identical internediate form If ordering is to
be conpl ete and predictable, preprocessing nmust generate
additional tags that are taken into account by the nultileve



met hod.

Consequently, the output of the preprocessing phase m ght be nore
t han pi eces of character strings. The lines used in the matrices
for the nmultilevel method have (nanmes of) characters as | abels.

I f preprocessing were designed to generate an output that is
easier to consunme by the multilevel nethod, the |abels could be
anyt hing that seens suitable.

The problem again, is howto allow for the specification of
preprocessing in a formal yet user-friendly way. Transformations
based on regul ar expressions and finite state nachines are a
possi bl e path. These techni ques allow an efficient

i mpl ementation. P. J. Plauger has published naterial about using
them for ordering with the C |anguage.[5, 6]

CONCLUSI ONS

The evol ution of conputer systens is progressing toward a better
quality interaction with people. An aspect of that interaction is
the ordering of words and names. Efficient nmethods exist today
for obtaining a quality ordering. Although sone software uses

t hese net hods, many applications perform conputer-friendly
ordering rather than human-friendly ordering. There is no
technical limtation to inprove on that aspect; for exanple, a
multilevel algorithmw th user-specified tables can replace a
singl e-step bit-code ordering.

For some cultures and in nulticultural environments, not al
ordering problens are solved. Research is needed, as well as
formal rules to allow users to specify ordering preferences.

Some useful ordering techniques are in place. The table-driven
mul tilevel nethod is an inportant one. Preprocessing can solve
some probl ens, but a convenient fornmalismis needed to specify
it. UCS coding provides many new chal | enges; but at the sanme tine
it offers a new fixed point, fromwhich it may be possible to
derive user-friendly formal definitions.

APPENDI X:
| NTERNATI ONAL STANDARDI ZATI ON EFFORTS

Many countries have devel oped a standard on ordering. These
standards are not listed in this section.

| SO I EC JTC1/ SC22/ WG15 (Programi ng Languages) is the commttee
and work group that is discussing the POSI X work (1SO 9945).

| SO I EC JTC1/ SC22/ W&20 (I nternationalization) is working on a
Techni cal Report that will provide a framework for

i nternationalization. The work group is also preparing docunents
on the registry of cultural elenments, specification nmethods for
defining string conparison, and a default-tailorable ordering for



10646.

CEN (European Standardi zation Conmittee) BTS7 (Technical Bureau
on I T)/ TC304 (Character Set Technol ogy) has a project on European
character string ordering rules. The scope is to establish
procedures for the registration of national and regional ordering
rules and to prepare nultilingual character ordering rules for
Eur opean scripts (Latin, Greek, and Cyrillic).

| SO TC37/SC2/W=2 is currently working on multilingual ordering
for term nol ogi cal and | exi cographical purposes. |SO TC46/ SC9 has
simlar work but for bibliographical purposes. The approach

is application oriented, whereas the other |1SO and CEN efforts
menti oned above are conputer-oriented approaches.

To allow for sonme |evel of synchronization of these efforts and
to avoid overlaps, liaisons have been established between al
these comittees.
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