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1. Introduction

The Khitan Small Script (KSS) is traditionally written in vertical columns running right to
left, and comprises a mixture of standalone logographic characters and clusters of two to
eight phonographic characters that form a rectangular block representing an individual
word. There is no analogy for these rectangular clusters in any other script encoded in the
UCS, and so various possible mechanisms for controlling cluster formation at the encoding
level have been suggested.

Following on from the Meeting on Khitan Scripts held at Yinchuan, China in August 2016,
the authors of “Final proposal to encode the Khitan Small Script in the SMP of the UCS”
(WG2 N4738R2, L2/16-245R) proposed putting a single format character at the start of
each cluster to indicate that the contiguous sequence of following characters formed a
cluster. Two format characters (KHITAN SMALL SCRIPT SINGLE CLUSTER INITIAL and
KHITAN SMALL SCRIPT DOUBLE CLUSTER INITIAL) would be required for encoding as
there are two distinct cluster patterns (described in Section 2 below). Thus, a cluster of five
KSS character would be represented as <-ABCDE> or <=ABCDE> (where - and = represent
the single and double cluster initials respectively).

At WG2 Meeting 65 in San José in September 2016 the Ad Hoc Meeting on Khitan Small
Script (see WG2 N4768, L2/16-338) decided not to accept the model agreed at Yinchuan,
but rather to use two format characters (KHITAN SMALL SCRIPT HORIZONTAL JOINER and
KHITAN SMALL SCRIPT VERTICAL JOINER) which would be placed alternatively between
every graphic character in a cluster. Thus, a cluster of five KSS characters would be
represented as <A*B:C*D:E> or <A:B*C:D*E> (where * and : represent the horizontal and
vertical joiners respectively).
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This document proposes a new model for automatic cluster formation, which requires no
new format characters to be encoded. Font design and OpenType implementation with
respect to this model are also discussed.

In summary, this document proposes the following clustering model which:

e Automatically composes any sequence of two or more KSS characters into a cluster;

e Starts a default cluster with two adjacent characters;

e Inserts Combining Grapheme Joiner (CGJ) between the 1st and 2nd characters in a
sequence to produce a cluster starting with a single centred character;

e Terminates a cluster sequence by EOL or any character that is not a KSS graphic
character or CGJ;

e Separates clusters in the text stream from each other with a space character (U+0020
or any desired space character); and

e Separates single standalone characters in the text stream with a space character to
prevent them forming a cluster.

With this model, caret placement, caret movement, selection, deletion and backspacing
should work in exactly the same way as for decomposed Hangul displayed using a
composing font. That is to say, it should not be possible to click into the middle of a
composed Khitan cluster or visually select a partial section of a composed Khitan cluster;
backspacing should delete one character at a time, with a new cluster forming each time;
the number of presses of the left/right arrow keys required to move through a composed
Khitan cluster should match the number of characters in the cluster (cf. a decomposed LVT
Hangul syllable which requires three arrow presses to move past it). This has been tested
using our prototype Khitan font on Notepad under Windows 10, and caret placement, caret
movement, selection, deletion and backspacing behaviour is as described above. With
Word 2016 it is possible to place the caret in the middle of a composed cluster and to
visually select part of a composed cluster, but we consider this to be a bug with Word.

When composing a Khitan cluster by entering one character at a time, a new cluster should
form for each character entered. All intermediate clusters, which may not be valid final
clusters, should be supported in the font. This is the case with our prototype Khitan font.

For a linear style Khitan font which is designed not to compose clusters but to display
individual cluster components in linear layout, caret placement, caret movement, selection,
deletion and backspacing should all be the same as for decomposed Hangul displayed using
a font that does not support dynamic composition.

As is the case with decomposed Hangul, the user may not know where exactly the caret is
positioned when using arrow keys to move through a cluster. There is no way of solving
that at the encoding level, but it can be solved at the application level, for example
BabelPad indicates the character at the current cursor position on the status bar.
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2. Structure of the Khitan Small Script

Khitan Small Script is written using a mixture of standalone characters and clusters of two
to eight characters, as outlined below.

A. Standalone Characters

Only certain KSS characters can occur in isolation as standalone characters, and they are
mostly logograms representing numbers, calendrical terms, kinship terms, etc. Dates
usually include sequences of several standalone characters, but in other contexts
standalone characters are much less frequent than clusters. Some standalone characters
only occur by themselves, but others may also occur within a cluster. Examples of
standalone characters are shown in Fig. 1 (p. 5 below).

B. Type A Clusters
Two types of cluster are attested in extant KSS texts. The standard cluster starts with two
adjacent KSS characters and finishes with two adjacent characters or a single centred

character. The seven patterns shown in Table 1 are attested.

Table 1: Type A Cluster Patterns

2 3 4 5 6 7
OO 00, 0@ OO 00,
® 0 0 ©0
® ®O®

B2

£
|
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C. Type B Clusters

Occasionally an alternative cluster pattern, starting with a single centred character, is
encountered. This pattern is most usually found with two or sometimes three characters,
and only very rarely with more than three characters. Only a very small proportion of
clusters conform to this pattern. Some examples of Type B clusters are shown in Table 2.

Table 2: Type B Cluster Patterns

2 2 2 2 3 3 4
@ @ @ @ @
@ ) @ )

There do not seem to be any semantic differences between clusters that start with two
adjacent characters (Type A) and clusters that start with a single centred character (Type
B), and it seems to be an aesthetic choice. Cluster Type B is preferred for certain characters,

for example = ‘north’ and o]~ ‘south’ (l]‘ is flattened at the start of a cluster).

Some two-character words are attested in both cluster patterns. For example, in the

Epitaph for Emperor Daozong (1101) the word Ax [18B1D 18C66] md.er ‘mother, wife’
is written four times with the two characters horizontally aligned (Cluster Type A), and
once with the two characters vertically aligned (Cluster Type B):

An iteration mark (3) also occurs, either by itself to stand for the preceding cluster or as the
first component of a cluster where it indicates that the preceding cluster is repeated with

the suffix attached to the iteration mark. For example ZK'( v stands for 23K ZK'(, and

5“)( ",4} stands for 'SN)( 5;‘.4;
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Fig. 1: Start of the Epitaph for Emperor Daozong (1101)

A\ T

s - -
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A
AN

}

Standalone characters highlighted in red
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3. Proposed Clustering Model

Because the pattern of clusters in KSS is fixed, there is no need to put a format character
between each character in a cluster in order to determine the cluster pattern and the
position of glyphs in this pattern. If the position of the first character in a cluster is known
(adjacent to the second character or centred by itself) then the relative positions of all
following characters in the cluster can be trivially determined.

The original proposal for two format characters was based on the idea that every cluster
would need to be prefixed by a format character in order to specify the pattern type
(starting with two adjacent characters or starting with a single centred character).
However, after further consideration and consultation with users, we now consider that
there is no need for any dedicated format characters for KSS layout and rendering.

We consider that the simplest solution for end users, as well as for the layout system and
font, is to have automatic cluster formation of any string of contiguous KSS characters
without the intervention of format characters. In order for automatic clustering to occur,
sequences of characters that form a cluster and standalone characters should be separated
by whitespace. This reflects the behaviour seen in original KSS texts where there is usually
visible whitespace between clusters and/or standalone characters. The space character
used can be left to the user to decide, but we recommend using the ordinary U+0020 space
but with a relatively narrow glyph width in a KSS font. Users could use ZWSP if no gap is
desired between clusters and/or standalone characters.

The vast majority of clusters in KSS texts are Cluster Type A, so the proposed automatic
clustering mechanism would produce clusters starting with two adjacent characters by
default. For Cluster Type B starting with a single centred character, we propose inserting
U+034F COMBINING GRAPHEME JOINER (CGJ) after the first character in the cluster to
indicate this cluster pattern. We considered using ZWN], but CGJ is more appropriate as it
inhibits line breaking before and after, which is the desired behaviour for KSS. Using CG]J
will also cause the desired sorting behaviour, which is to sort Cluster Type B sequences
before Cluster Type A sequences where both sequences comprise the same graphic

characters, e.g. <18B1D 034F 18C66> “73« should sort immediately before <18B1D

18C66> 1.1

1 In this document KSS clusters embedded in English text are typeset with the Khitan Small Rotated font
which renders the text in rotated orientation. The Khitan Small Vertical font is not used as it would result in
huge gaps between lines.
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4. Presentation Format and Font Implementations

Modern scholars of Khitan generally typeset or handwrite Khitan Small Script text in one of
the three presentation formats described below.

A. Running Vertical Format
In this format, KSS text is laid out in vertical columns running right to left across the page,
reproducing the format used in original Khitan sources. This format is often used for

transcribing KSS texts, as shown in the example given in Fig. 2.

Fig. 2: Transcription of the Epitaph for Court Attendant Yelii Yongning (1088) in
Zheng 2002, p. 66
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B. Embedded Vertical Format

In this format, KSS standalone characters and clusters are written horizontally in vertical
orientation, either on a line by themselves or embedded in horizontal text in a different

language.

An example of vertical KSS clusters embedded in horizontal Chinese text is shown in Fig. 3.
In this example the clusters are vertically aligned at the bottom, but other alignments are
also found. For example, Fig. 4 shows vertical KSS text embedded in horizontal Japanese
with top alignment of KSS clusters, and Fig. 5 shows a Russian paper with vertical KSS text

aligned vertically along the centre.

Fig. 3: Vertical KSS clusters embedded in horizontal Chinese text in Bao 2002, p. 18
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i 6,27 8 9 11,22 12 12
78 18,19 22,24
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:: 5 2 1 1 3 i 17
ot 29.4 11.8
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Fig. 4: Vertical KSS clusters embedded in horizontal Japanese text in Aisin Gioro
2006, p. 48

HTHbDIE, AREFITFIRICE L, BT T#H KThs,
oM/ 28] & DA L#HAT2385H 5 28, B NFEBCHEATIECEETDA
JEOHE
4 aE) (bovid TEE) )3 LL Tl BH] *direniZfED ., (R RM] *delird it
% 5 JEkAE
B ONCRI CHBEETR AV,
UTIREMNFEFETIOBERPHRET 2@ EFIZELL S,
(1) [REMBEEE] OBEFITHER T, TOXMBEITIEL (48] *xdliaDWKEHETH2E
F R
ATHD,
+H LK B JL 28 REk R Ot &b phke
EEN R X M
(= N = ®H EEZMSR 2 T o) [X6]
R AWM PH LR AL 48 RFE XA AR Ot AE X R ER XE KX

< AR tk X A & N
(BF #7E ¥ = E #%m 4@ B BT £ T KO wEC T OH
FR XR A

®wF —AD F) [X12~13]

Fig. 5: Vertical KSS clusters embedded in horizontal Russian text in Zaytsev 2011, p.

144
Tabnuya 4
HanmeHoBaHMe KMIaHBCKOTO rocyaapcTBa
H 176 Haumenosanue kuoamnbckozo eocyoapcmea, 3anucannoe O00nbuumM KUOAHbCKUM
1. 9, CTK. 6: NUCOMOM:
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4 <

Z Ty

RAK LA
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Kum. N RS LEE 5} 7

{

nepeso0  Bennkoe LeHTpallbHOE Auldsi KNTAHBCKOE TOCYIapCTBO
(JIro ®an-uky, 2003, c. 75-77, 89; JIro ®3u-uxy, 2006, c. 52-54;

& Aticunb I'nopo, 2009a, c. 166-167, 192—-193).
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C. Horizontal Linear Format

In horizontal linear format KSS characters are written horizontally left-to-right, with
clusters decomposed into linear strings of characters. Sequences of characters that form a
cluster in the original Khitan source are separated by whitespace. KSS text is presented this
way in Daniel Kane’s 2009 book, Kitan Language and Script (see Fig. 6), in Wu & Janhunen’s
2010 book New Materials on the Khitan Script, and in some works by Aisin Gioro Ulhicun
published after 2010.

Fig. 6: KSS text written in horizontal linear format in Kane 2009, pp. 186-187

6.3  Kitan text of the Langjun inscription

11X dh AxA IR $ @Y EL ARAIR XANA
GREAT GOLD g.tir:en qa.ha:an deu cau.ji hur.u g.ip Liau.u $.a.ri®

2 Wang Jingru identified X as & ‘big, great’ and i as & ‘gold, Jin dynasty’. Research
identified AZA (g.Gr:en> ‘of the country’ and E£R (qa.ha:an> ‘of the khan’. % is 3 di
‘younger brother’. 3% £4 (cau.ji hur.> corresponds to F{ 4 dutong ‘military commissioner’.
1Y «cau.ji> is ‘war’, related to A& (cau.un ‘war, battle, army ’* and £% <hur.w is ‘controller’.
AR 4¥R (g.ip Liau.w corresponds to KEBE jinglile ‘military commissioner’. XA% $.a.rb is
BRE langjun ‘court attendant’. X i clearly corresponds to K4 Da Jin ‘The Great Jin
[State]’; in Jurchen the word for ‘gold” was *al¢un. There has been considerable discussion
on the graph iu and its variant &i. Wu Yingzhe has proposed that the ‘dotted forms’ indicate
grammatical gender i.e. they are used with masculine nouns. 4 also means ‘metal’, which is
one of the five elements, but 4 does not correspond to ‘metal’. AFAR g.ar:en>: AXA «g.un

TEXTS IN THE KITAN SMALL SCRIPT 187

[2] % P4 BAR R BK
c.ar am.se REGION.a.an ui eu.in’

[3] 43 XAR HE(X?) % XHRX $H£X
lLiag $.a.an ja.céni m.an.Gn se.mu.i’

Different font implementations will be required in order to realise these three different
presentation formats. Every KSS font should be able to handle the same input stream of
encoded KSS characters, but will render the KSS characters in particular ways.

Andrew West has developed working prototypes of three types of KSS font, corresponding
to the three presentation formats described above:

o Khitan Small Rotated — a prototype font for running vertical format;
e Khitan Small Vertical — a prototype font for embedded vertical format;
e Khitan Small Linear — a prototype font for horizontal linear format.
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These fonts are derived from a font designed by Jing Yongshi, and can be provided to WG2
and UTC committee members on request.

These fonts have been verified as working as expected on Microsoft Windows 10 with
BabelPad, Notepad, Microsoft Word 2016, and Microsoft Edge browser (see Appendix 2). A
test page using a WOFF version of Khitan Small Rotated is available at
http://www.babelstone.co.uk/Fonts/KSS Test.html.

These three types of font are described below, and a sample image of the same KSS text
using the provisional UCS code points is given for each font.

A. Rotated Vertical Font

The typical KSS font will be intended to display KSS text in vertical layout, as is usually the
case in original Khitan sources. However, in order to display running vertical text on
computers, the font needs to provide glyphs for individual characters and clusters that are
rotated counterclockwise. In plain text applications the font will produce horizontal lines of
rotated glyphs, but in rich text environments the horizontal lines can be rotated clockwise
to produce vertical columns of KSS text. For example, Microsoft Word 2016 supports
vertical rotation of text (Layout > Text Direction), and web pages support vertical layout
using CSS stylesheets.

This is the same mechanism that is used in Unicode fonts for other vertical scripts such as
Mongolian and Phags-pa.

Fig. 7 shows the display of KSS text using the Khitan Small Rotated font in a plain text
application, where the lines are displayed horizontally, and the glyphs are rotated
counterclockwise. Examples of rotated KSS text displayed in running vertical format with
HTML/CSS are given in Appendix 2.

Fig. 7: Sample of KSS text set with the Khitan Small Rotated font

fER M38_Text.bt [UTF-8] - BabelPad - O ®
File Edit Convert Insert Input Tools Fonts Options Layout View Window Help

D EHE®|& F F Knitsn Small Rotated =0 [0 - i # B L b
X ISR O EHSIRBR T S KE P
THEK B I ER E P SR B R B 5 W
YIRS X S S SR EZ
FESER BT EL E B3 XBKESY ¥ K £
EK B S LW W KSR

Ready U+18C8T <reserved> Line 1 of & Cha
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B. Embedded Vertical Font

A KSS font could also provide glyphs for individual characters and clusters in vertical
orientation. This would allow individual characters or clusters to be embedded in
horizontal text with vertical orientation, either in a plain text or rich text environment.
However, this font could not be used to produce running vertical text. Moreover, the line
spacing of the font has to accommodate the tallest glyph in the font, which means that
when even a single standalone character is embedded in a paragraph of English or Chinese
text there will be a huge line gap between the line above and the line with embedded KSS
characters.

Fig. 8: Sample of KSS text set with the Khitan Small Vertical font

fEH M38_Text.bxt [UTF-8] - BabelPad - m| X
File Edit Conwvert Ingert |nput Tecls Fonts Optiens Layout View Window Help

DS & F F |itansmal vertical |0 ~|l|10 ~|

LE Rsme % T omm R

A4

X
A 15 R M AR AR K AR 2% AR
R X X X A 2

A, RS RE fE
W & X W

24

.E
S

N

5
i

b

g
S8 2Fezr i

& lines 247 characters U+18CET <reserved= Line1ofb
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C. Linear Font

A linear font simply provides a single vertically-oriented glyph mapped to each encoded
KSS character. No clustering of sequences of KSS characters is enabled, and no OpenType
features are required to be supported. Because KSS clusters are separated by whitespace,
linear strings of KSS characters that would form a cluster in a rotated vertical font or
embedded vertical font are separated by whitespace in a linear font.

Fig. 9: Sample of KSS text set with the Khitan Small Linear font

fER M38_Text.txt [UTF-8] - BabelPad — O X

Eile Edit Convert Ingert Input Tools Fents Options Layout Niew Window Help

D& E M &|F|F |khiten SmallLineor ~o ~ffro -l M8 L Y
X b AZA BER H FEH EL AR ;
YR XRE P HE REAR R DK A
XAR HEX XHR SH#EX BRA B

AE%Z XRR AFK 4%F XRE AKX

XK 7

LAHK 4% RBH 2K REHP

XERAHE R PRMALFZ XF AER
XKA4H X 25 XF LRTP

AR AR LKRR B3X X%X4£ *F2 oA

RE HL @HRAEZR XXARR LdHsRo

X 4EX £ %

%% ZEX # R%ZRX ZF £€ % R LRA

Ready U+18C87 <reserved= Line 1 of & Cha

W
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5. OpenType Implementation

For the rotated vertical and embedded vertical fonts, which combine sequences of KSS
characters to form clusters, two possible OpenType implementations can be considered.
These are not relevant to a linear font as it has a one-to-one mapping between characters
and glyphs, and no OpenType transformations are required.

In both implementations a run of KSS characters is processed by the rendering system. A
KSS run comprises a contiguous sequence of KSS graphic characters, including zero or
many CGJ characters (valid KSS clusters should only have zero or one CGJ after the first
character in the run, but the implementation should be able to handle runs with more than
once CGJ or a single CGJ in a position other than between the first two graphic characters).
The boundaries of the run are marked by SOL, EOL, any space character, any punctuation
character, or any character that is not a KSS graphic character or CG]J.

A run comprising a single KSS character uses the default glyph mapped to the character in
the cmap table. For a run of two or more characters, cluster-forming glyphs are substituted
for the default glyphs using OpenType features.

A. Precomposed Implementation

For this implementation the KSS font provides precomposed glyphs for all supported
clusters, including incomplete clusters required during user input of KSS text. As there are
only about 2,000 to 3,000 attested cluster sequences, a font would need about 4,000 to
5,000 precomposed glyphs for partial and complete clusters, which is a large but
manageable number.2

The font would have a single GSUB table using the ccmp “Glyph Composition /
Decomposition” feature that substitutes sequences of KSS characters for the precomposed

glyphs.

The advantages of this implementation are that is:

e Issimple to implement in the font;

e Works the same for both rotated vertical and embedded vertical fonts;

e Does not require any special assistance from the rendering engine, and so should work
with rendering systems that have no knowledge of the Khitan Small Script;

e Allows the font designer to design cluster glyphs where the various components are
harmoniously integrated together (e.g. with strokes from one component crossing into
the space occupied by another component without clashing).

The disadvantages are that it:

e Only supports defined clusters, and cannot deal with arbitrary cluster sequences;
e Requires a large font size with thousands of glyphs.

Z At present there is no single source that lists all attested KSS clusters.
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An extract of the OpenType table design used in the prototype fonts Khitan Small Rotated
and Khitan Small Vertical is shown below (the same OpenType lookups are used in both
fonts):

script DFLT {
feature "Glyph Composition/Decomposition";

}

feature "Glyph Composition/Decomposition" ccmp {
lookup Polygrams;
}

lookup Polygrams {

sub ul8B01l cgj ul8C2D ul8C40 -> ul8B01.C2D.C40.centred;
sub ul8B1D cgj ul8C66 -> ul8B1D.C66.centred;

sub ul8B54 cgj ul8B62 -> ul8B54.B62.centred;

sub ul8BAO cgj ul8C64 -> ul8BAQ0.C64.centred;

sub ul8B1C ul8BS5E ul8C37 -> ul8BlC.B5E.C37;

sub ul8B1C ul8B5E -> ul8B1C.B5E;

sub ul8B1C ul8CCD ul8C04 -> ul8B1C.CCD.CO04;

sub ul8B1C ul8CCD -> ul8B1C.CCD;

sub ul8B1D ul8C66 -> ul8B1D.C66;

sub ul8B25 ul8C5B -> ul8B25.C5B;

sub ul8B25 ul8CCD ul8C04 -> ul8B25.CCD.CO04;

sub ul8B25 ul8CCD -> ul8B25.CCD;

sub ul8B39 ul8BFA ul8BA2 -> ul8B39.BFA.BA2;

sub ul8B39 ul8BFA -> ul8B39.BRFA;

sub ul8B50 ul8C31 -> ul8B50.C31;

sub ul8BAl ul8C46 -> ul8BAl.C46;

sub ul8BFA ul8B85 ul8B42 ul8BE2 -> ul8BFA.B85.B42.BE2;
sub ul8BFA ul8B85 ul8B42 -> ul8BFA.B85.B42;

sub ul8BFA ul8B85 -> ul8BFA.B85;

B. Dynamic Composition Implementation

This implementation is only applicable to the rotated vertical font. It would be very difficult
to implement dynamic composition of arbitrary clusters in an embedded vertical font, and
such an implementation is not discussed here. As this implementation depends on
OpenType features that do not yet exist, a prototype font has not been developed.

For this implementation the KSS font provides three positional glyph forms for each KSS
character (in addition to the basic full-sized glyph):

A. Centred glyph used for the initial character in Type B clusters or for the final character
where there are an odd number of characters (Type A cluster) or an even number of
characters (Type B cluster);

B. Bottom-aligned glyph (in font orientation) used for odd-numbered non-final characters
in Type A clusters or even-numbered non-final characters in Type B clusters;

C. Top-aligned glyph (in font orientation) used for even-numbered characters in Type A
clusters or odd-numbered non-initial characters in Type B clusters.
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A rendering engine would be required to apply specific OpenType features to the font in
order to substitute the correct positional glyph form for each KSS character in a run. There
are no existing OpenType features that can be used, so three new OpenType features would
need to be registered, which we refer to as kss1, kss2 and kss3. The default glyph form

and three positional forms for U+18C34 AR in the prototype font are shown below (note
that the glyphs are rotated counterclockwise in the font to enable vertical layout in
applications that support vertical orientation of text):

BT 12C34.kss1 | u18C34.kss2 | u18C34.kss3
»
, , d
3

The kss1 and kss2 glyphs are spacing, but the kss3 glyph has no advance width, with the
result that a kss3 glyph is rendered immediately above the preceding kss2 glyph.

The following pseudocode shows how a rendering engine might process a run of KSS
characters (including one or more CGJ characters). For runs of a single KSS character no
action is required as the normal full-sized glyph in the cmap mapping should be displayed.
For runs of two or more characters, the kss1, kss2 or kss3 feature will be applied to the
KSS characters to produce the expected shaping.

if ( run.length > 1 ) {
{
for ( int 1 = 0; 1 < run.length; i++ )

if (1% 2 == )

font.applyFeature( runf[i], kss3 );

if ( ( (1 + 1) == run.length ) || ( run[i+l] == CGJ ) )

font.applyFeature( run[i], kssl );
i++;

font.applyFeature( run[i], kss2 );

}

This implementation supports arbitrary clusters of arbitrary length, and does not require
the font designer to create thousands of precomposed glyphs for clusters. However,
creating clusters by piecing together positional components does not give an ideal visual
result, and in a high-quality font additional substitutions and/or positioning may need to
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be applied to ensure that the components forming a cluster are harmoniously integrated.
The following points need to be considered:

A. The relative widths of adjacent components may vary depending on the components

involved. For example, when 2 + 8 form a cluster, the left component should occupy
less than half the cluster width, and the right component should occupy more than half

the cluster width (ﬁ), but in other cluster combinations the right component would

need to be thinner in order to accommodate the left component.

B. In many cases the best visual results are achieved by allowing strokes from one
component to cross into the space occupied by another component, and to do this
without clashing would require individual tailoring of adjacent glyphs.

C. The length of components in a cluster may vary depending on the number of
components in a cluster. Clusters comprising just two adjacent components are
normally about the same length as a single standalone character, but in clusters with
three or more components each component is shorter than a standalone character, and
as a rule of thumb the longer a cluster is the shorter each component (or pair of
parallel adjacent components) is. It would be very difficult to mimic this behaviour
using dynamic composition.

For these reasons, a high-quality KSS font may need to use a mixture of precomposed
glyphs and dynamic composition. Precomposed glyphs could be used for important and
frequently-occurring clusters, whereas dynamic composition could be used for all other
arbitrary clusters.

Note that the above glyph design issues would still be present with a model that inserts a
horizontal joiner or vertical joiner format character between each graphic character in a
cluster.
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6. Line Breaking Considerations

There should be no line break opportunity within a KSS cluster. As the proposed automatic
clustering model requires standalone characters to be separated by a space character, all
sequences of two or more KSS characters necessarily form a cluster. Therefore there
should be no line break opportunity between any two adjacent KSS characters.

Unicode Standard Annex #14 “Unicode Line Breaking Algorithm” should be updated with a
new rule to specify that there is no line break opportunity between KSS characters. This
would require a new line breaking class for KSS characters, which we provisionally call KS,
and the following rule: KS x KS. There would be a line break opportunity between KS and
any other non-gluing class.

CGJ may also occur in a cluster, but CGJ prohibits line breaking between it and the
preceding character and following character, so it does not provide a line break
opportunity when used in a KSS cluster.

Even though line-breaking might be acceptable within cluster sequences rendered in
horizontal linear format, because the line-breaking algorithm is independent of the font
used to display the text, KSS text displayed with a linear font would also have no line
breaks within sequences corresponding to a cluster. If desired, line break opportunities
could be manually inserted into linear clusters using ZWSP.
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8. Appendix 1: Examples of KSS Text Input Sequences

Examples of text input using the precomposed OpenType implementation for the Khitan
Small Rotated font are shown below. Table 3 and Table 4 show input of cluster sequences
that are supported in the font, whereas Table 5 and Table 6 show input of unsupported
cluster sequences. The unsupported clusters are not rendered correctly, but they do
provide a reasonable fallback that should be understandable to a user who is familiar with
the Khitan Small Script.

Table 3: Text Input for Type A Cluster

Step | Enter Backing Store Display
18C31 | 18C31 ’,
Poa e H
5 18BFA | 18C31 18BFA K
b &R =
3 18C02 | 18C31 18BFA 18C02 .RH
<3 EAHE |
4 18C34 | 18C31 18BFA 18C02 18C34 R
x EAER HH
c 18C44 | 18C31 18BFA 18C02 18C34 18C44 -Ri«é
A £ HERA HH
6 18B42 | 18C31 18BFA 18C02 18C34 18C44 18B42 R4
| EAERAE HH+
18BFA | 18C31 18BFA 18C02 18C34 18C44 18B42 18BFA K TR |
7 ’ 3
A LHERALH -\HH—:i-'R
18BA2 | 18C31 18BFA 18C02 18C34 18C44 18B42 18BFA 18BA2 | fz43(3X
8 »
H EAHERAE AHH HH{FR
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Table 4: Text Input for Type B Cluster

Step | Enter Backing Store Display
18BA6 | 18BA6 ’
1 —
J]\ J]\ >
034F | 18BA6 034F ,
Ry EF M
18B42 | 18BA6 034F 18B42 P qa
3 £ N 3 ?H
4 18B85 | 18BA6 034F 18B42 18B85 r 4o
APNGES 4
c 18B42 | 18BA6 034F 18B42 18B85 18CB2 ? 4o
Lo AT
G- I e ] 34 ™

Note that under Microsoft Windows an unused CGJ is stripped out of the rendering stream,
and so in Step 2 the CGJ is invisible even when the font has a visible glyph mapped to
U+034F. This is the same behaviour that would be seen for any formatting character.

Table 5: Text Input for an Unsupported Cluster

Step | Enter Backing Store Display
L 18/(37\3A fCBA <"
5 181C£17 ff;A 18C17 <" igH—
3 18;34 f;?ngCﬂ 18C34 <" ﬂ‘-‘ &4
4 18fLSE ff;gifCU 18C34 18B5E <" iH— &i ﬁ

In this example, neither the final cluster nor the intermediate clusters are supported in the
font, so no substitutions are applied, and the cluster is rendered as a sequence of separate

glyphs.
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Table 6: Text Input for an Unsupported Cluster

Step | Enter Backing Store Display
L 18;42 iBBéLZ 'E‘
5 182];78 i%)B;Z 18B7B H"Q
3 18§1D i%)B;%lSBm 18B1D H"(" "E
4 18;2:\66 iBi4%1£B7B 18B1D 18C66 H"Q ;{/’:

In this example, the complete cluster is not supported in the font, but a cluster for the last
two characters in the sequence is supported, so the first two characters are rendered as
separate glyphs and the last two characters are rendered as a cluster.
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9. Appendix 2: Samples for Prototype Font

This appendix shows two examples of well-known Khitan Small Script texts coded in an
HTML page, and rendered using the Khitan Small Rotated font in the Edge browser on
Microsoft Windows 10 (see http://www.babelstone.co.uk/Fonts/KSS Testhtml). A CSS
stylesheet is used to rotate the paragraphs containing each line of KSS text, so that the KSS
text is displayed in vertical columns running from right to left on the web page. All clusters
in these two texts are supported in the prototype font, so the result should closely reflect
the source texts.

Fig. 10: Bronze mirror with KSS inscription found in Kaesong, Korea

cc-by-sa-2.0 John S Y Lee]
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Fig. 11: Display on Microsoft Windows 10 with Edge browser

| fER BabelStone Fonts : Khit: % | 4 - O >
I

“~  — O m (i) www.babelstone.co. yike e

Inscription on a Bronze mirror from Kaesong

M O 2E BR ’M—‘t

13
&

&

oSy AT AP
R il AR el
F & AN EY

R S & HF HE
R g

Encoding Stream:

<18B54 034F 18B62 0020 18CBD 18C78>

<18C37 18B74 0020 18C1D 18C9A 18CA6 0020 18CB2 18BF4 18C46 0020 18CCD 18C04
0020 18C34 18CCD 18C04>

<18B1C 18BS5E 18C37 0020 18B1C 18B5E 18C37 0020 18C80 18B5E 18B5F 0020 18C80
18B5E 18BSF 0020 18C53 18BAF 18BAl>

<18B39 18BFA 18BA2 0020 18B25 18CCD 18C04 0020 18CBD 18C9C 0020 18CAB 18C6E
0020 18BAl 18C46>

<18C3A 18C02 18B85 18CSOA 18CB4 0020 18B25 18C5B 0020 18C2D 18CA3 18C25 0020
18B50 18C31 0020 18C3A 18BDC 18BFA>

<18BA0O 034F 18C64 0020 18C3A 18BA2 18C86 18B62 0020 18BFA 18B85 18B42 18BE2
0020 18CS9C 18C64 18BlA>

<18C2D 18C40 0020 18B1C 18CCD 18C04>
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Fig. 12: Record of the Journey of the Younger Brother of the Emperor of the Great Jin
Dynasty (1134)
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Fig. 13: Display on Microsoft Windows 10 with Edge browser

B 4 | D BabelStone Fonts: Khit: X | 4+ = O b4
% — O @ (i) www.babelstone.co.uk/Fonis/Kss_Testhiml ";‘fr ‘j,AE ﬂ\_ |ﬁ>

Rubbing of the Record of the Younger Brother of the Emperor of the Great Jin -'
Dynasty

TR 4% 45 A LY 5 A

S X
Gpenlu ﬁ$
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F T oy R M
e X L, R &
;\& . *

X K P ff
+ e . :5
£ 3% Rk % B
" 4 33 3$ i if;}

1%

iR B
S S i
kI .
ﬁ 6 g R
O« B T
M X% =3 x A&
2 RO axm
x @ A
x A S

33 s
2 7 % m*
jﬁ ko R K
a X i kM

Note that the HTML for this page has six paragraphs of KSS text, but as the lines are very
long the browser has automatically broken the 2nd, 3rd, 4th and 6th lines. This automatic line
breaking could be inhibited by using No-Break Space instead of ordinary spae.

Encoding Stream:

<18C87 0020 18B9D 0020 18C5A 18B92 18CA6 0020 18B45 18B42 18B10 0020 18B89
0020 18B1E 18C5E 0020 18B13 18C2B 0020 18C5A 18BBO 0020 18C44 18C79
18C9A 0020 18C56 18BFA 18B57 0020 18CBD 18C91 0020 18BF4 18C37 0020
18C85 18BFA 18B10 0020 18C46 0020 18B55 18C1l5 0020 18C44 18B4F>

<18B25 18BFA 18B10 0020 18CB1 18C76 18C64 0020 18C9C 18BA2 18CAB 0020 18C37
18C17 18Ce64 0020 18C1lD 18C06 18CA6 0020 18CBE 18B5B 0020 18C44 18BBO
18COD 0020 18Ce65 18C46 18CBD 0020 18C5A 18B1B 18C6B 0020 18C3A 18C53
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18B5B 0020 18C65 18BA1l 18C31 0020 18BA7 18B72 18C46 18C64 0020 18C65

18C15 0020 18CAD>

<18B5E 18C44 18CB2 18C66 0020 18C44 18C64 0020 18CBD 18B55 18CA6 0020 18C58

18C34 18C66 0020 18BBD 18B98

18CB2 18C90 0020 18B25 18COD 18CS9A 18C5E

18C34 0020 18C1lB 0020 18C37 18BDC 18BF9 18C44 18B42 18B85 18CAB 0020

18CAB 18C6E 0020 18B1D 18C39

18C46 0020 18C65 18C46 18BE5 18C37 18B62

0020 18CAB 18BCC 0020 18CS9D 18C78 0020 18B25 18B5B 0020 18BA7 18BF6

18C80 18B62>

<18C44 18C0O6 18BC6 18CBD 0020 18BE5 18C6A 18C86 18C46 0020 18C1lD 18C78 18C66
0020 18C65 18C64 18C31 0020 18B3F 18CAB 0020 18C40 18CA6 0020 18C58
18C34 0020 18B8Y9 18B92 0020 18C68 18BBD 18CO9D 18CBD 0020 18Ce65 18Co4

18B2A 18C86 18C46 0020 18BA7

18B17 18C44 18CAB 18BCF 0020 18B97 0020

18C32 0020 18C3A 18B1B 18C66 0020 18C2F 0020 18C9D>
<18C37 18C79 18C53 0020 18B45 18B42 18C66 0020 18C90 0020 18C8C 18B92 18CAB

0020 18C9A 18C80 0020 18C2F
18BCE>

<18B1C 18CBC 0020 18C5A 18C55 0020
0020 18B84 18C46 0020 18C64
18B18 18C3D 18CBD 18C66 3000
18C5A 0020 18CBD 18C06 0020

0020 18C82 0020 18CBA 0020 18BA7 18BF6

18C29 18B37 18Ce65 18C66 0020 18CBD 18C79
18C23 0020 18B59 0020 18C5A 18C46 3000
18CBD 18C79 0020 18B84 18C46 0020 18B56
18B25 18BA1 0020 18B6F 0020 18C77 0020

18C44 18C06 0020 18CBO 18Ce6B 0020 18B5D 0020 18BBO 0020 18Ce65 18Ce4

0020 18CBD 18C66>
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