
TUGboat, Volume 34 (2013), No. 3 289

Typesetting and layout in multiple
directions — Proposed solution

John Plaice

Abstract

I propose a new, general way of looking at typeset-
ting and layout in multiple directions. It subsumes
the left-to-right and right-to-left horizontal writing
used in most of the world, as well as the vertical
writing used in East Asia. The generality allows the
development of layout schemes for situations when
several writing directions appear on the same page.

The key to the approach is that managing multi-
directional text requires a separation of writing style
from box direction. It turns out that there are only
three different kinds of writing style, and eight kinds
of directional box, and that simple rules can be
used to define how these different writing styles may
appear in the different kinds of box.

1 Introduction

If TEX or a successor thereof is to be used naturally
for all of the world’s languages, then the problem of
typesetting in multiple directions must be solved in
all of its generality.

Most of the languages around the world are
printed horizontally, from left-to-right, with the first
line of the page at the top of the page. In the Mid-
dle East, Arabic, Hebrew and several other scripts are
written horizontally, from right-to-left. In East Asia,
traditional writing and printing is done vertically,
with the first line of the page on the right-hand side;
in Japan, this practice is still common for literature.
Uighur and Mongolian writing is also vertical, but
the first line of the page is on the left.

The general problem does not consist in simply
printing a text in each of the different directions.
A typesetting system to be used for multilingual
documents needs to be able to print, on the same
page, multiple languages using different direction
combinations, as needed. This means that headers,
footers, columns, tables, paragraphs, and everything
else appearing on a page can potentially appear in
the different directions.

In this paper, I propose a general solution that
solves not just the above-mentioned cases, but also
even more complicated situations, such as for An-
cient Greek boustrophedon and Rongorongo reverse
boustrophedon, both with alternating line directions.

The solution, which supposes that the natural
writing style of a script is separate from the boxes
in which that writing will be embedded, is the result
of much reflection examining existing approaches.

2 Previous work

TEX– TEX

In the TEX world, the first work [5] in multidirec-
tionality was made by Donald Knuth and Pierre
MacKay, who developed TEX– TEX , which allowed
the mixing of left-to-right and right-to-left horizontal
texts in the same paragraph. This was done by us-
ing nested \beginL–\endL and \beginR–\endR pairs
to, respectively, embed left-to-right and right-to-left
texts. However, their work supposes that all pages
are left-to-right, so it is not suitable for true right-
to-left documents.

pTEX

Mixed horizontal and vertical typesetting was in-
troduced in the TEX world with pTEX [2], a tool
developed at ASCII Corporation in Japan. Still used
in Japan, pTEX allows a vertical or a horizontal list
to be begun with either of the \yoko and \tate

primitives. In \yoko mode, horizontal and vertical
boxes have the same meaning as in standard TEX. In
\tate mode, \hboxes are vertical and \vboxes are
horizontal.

CSS

The work on supporting multiple directions in Cas-
cading Style Sheets (CSS) for HTML [1] has intro-
duced some useful terminology:

Block flow direction: from first to last line;

Inline base direction: from first to last glyph;

Line orientation: direction towards “top” of line.

Omega

Omega was the first successor to TEX to attempt to
solve the multidirectional problem in its generality [3,
4, 8]. It assumes that a box or a font’s direction can
be designated by three characters, where each is one
of Top, Bottom, Left, and Right. These characters
absolutely designate one of the edges of the physical
page. Then a writing direction must designate:

Primary part. The “top” of each page.

Secondary part. The “left” of each line.

Tertiary part. The “top” of each character.

The secondary direction must be orthogonal to the
primary direction. The tertiary direction can take all
four values. Hence there are 32 possible directions.
Here are the most common ones:

TLT — Left-right (LR) scripts, horizontal CJK.

TRT — Right-left (RL) scripts.

RTT — Vertical CJK, upright LR scripts in vertical
CJK.

LTL — Mongolian and Uighur (MU).
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Figure 1: Example of Omega text in many directions. The main flow of text is from
left to right, but it includes parts that use a number of different directions. Each line
explains the general structure for the most common cases of mixing writing directions.

RTL — MU scripts in vertical CJK.
RTR — Rotated LR scripts in vertical CJK.
LTR — Rotated LR scripts in MU.
LTT — Vertical CJK in MU.

Figure 1 demonstrates the use of several of these
directions. In the text of a paragraph, a change of
\textdir, which respects TEX’s group nesting, will
change the writing direction. In addition, boxes
can have a direction definition, as can the page (for
headers and footers), the body (of the page), the
paragraph, and mathematics.

Notwithstanding the impressive number of possi-
ble writing directions, the proposed solution was not
sufficiently general, as it did not make provisions for
phenomena such as typesetting to a curve. Further-
more, it required different fonts for different writing
directions, despite the fact that many of them simply
involved rotating text.

3 The solution

In this paper, a completely separate approach, both
simpler and more general, is taken: when typesetting,
a particular writing style (there are three) is used,
and the text will be placed in a secondary (text) box,
of which there are eight kinds. Secondary boxes are
lined up in a primary box.

The three writing styles are as follows:

• In baseline left-to-right writing (BL), there is a
baseline which the glyphs are sitting upon or
hanging from, and successive glyphs are placed
to the right of previous ones. Most alphabetic
scripts use this form of writing.

This is baseline left-to-right writing.

• In baseline right-to-left writing (BR), there is also
a baseline, but successive glyphs are placed to

the left of previous ones. This form of writing
is used for Arabic and Hebrew, but one can
also consider the Uighur and Mongolian vertical
scripts to be using the same style.

Thisisbaselineright-to-leftwriting.

• In axial writing (A), there is an axis flowing
through the glyphs, typically in the middle, and
the glyphs are pinned onto the axis, one after the
other. The vertical typesetting used in Japan,
China and Korea is axial writing.
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The underlying assumption is that a writing
system should be invariant to rotation, and not be
defined by the box holding it. For example, typeset-
ting along a curve requires no boxes.

TEX’s \vboxes and \hboxes should be, respec-
tively, generalized to primary and secondary boxes.
Here, text will be placed in secondary boxes. Both
primary and secondary boxes have a direction and an
orientation. The direction is designated by one of T,
B, L, or R, and the orientation is either positive (+) or
negative (-), where positive or negative refers to the
angle made between the direction vector of text and
the normal vector pointing towards the part of the
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line where annotations such as footnotes are made.
Hence, English would normally be placed in a L+

secondary box, Arabic in a R- box, vertical Japanese
in a T+ box, and Mongolian in either a T+ or T- box,
depending on where the annotations are placed with
respect to the line.

Any piece of text should be embeddable into a
text of another style, and into any kind of secondary
box. However, when doing so, the text must “adapt”
to the box in which it will be placed, possibly by
being mirrored or rotated so that it can fit therein.

4 Example embeddings

In this section, we will consider a number of possible
embeddings of a text A in a text B, where the two
texts are using different writing styles. In all cases,
these texts are:

A: pneumonoultramicroscopicsilicovolcano-
coniosis

B: I am glad · · · is not well known.

Text A was chosen because it is long, with many
possible hyphenation points.

Embedding a baseline text in another
baseline text

We consider two main cases. In the first, texts A
and B are of the same style. In this case, depending
on the fonts, vertical adjustment of the baseline of
the embedded text may be necessary.

I am glad pneumonoultramicroscopicsilico-
volcanoconiosis is not well known.

In the second case, texts A and B are of opposite
orientation. There are two subcases. In the first,
text A is mirrored to resemble the style of text B.

Iamgladpneumonoultramicroscopicsilico-
volcanoconiosisisnotwellknown.

In the second subcase, the TEX– TEX bidirec-
tional paragrapher is used to embed text A.

Iamgladpneumonoultramicroscopicsilico-
volcanoconiosisisnotwellknown.

Embedding an axial text in a baseline text

We consider two main cases. In the first, with two
subcases, the axial text is rotated, 90◦ or −90◦.

I am glad P N E U M O N O U L T R A

M I C R O S C O P I C S I L I C O

V O L C A N O C O N I O S I S is not
well known.

I am glad
PNEUMONOULTRA

MICROSCOPICSILICO

VOLCANOCONIOSIS

is not
well known.

In the second case, the axial text is not rotated,
but an inner paragrapher is called upon to create a
set of lines perpendicular to the lines of the outer
paragraph. For this to work, the length of these
inner lines is declared. There are two subcases.
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Embedding a baseline text in an axial text

In the first case, the embedded text is rotated.
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In the second case, the embedded text is not
rotated, and an inner paragrapher is called. Once
again, the length of the lines of the inner paragraph
must be stated.
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5 The importance of box orientation

The direction of a secondary box is not sufficient
to completely describe it. Consider the following
segment of an example presented by Ken Nakano [7]:

萬
延
元
年
三
月

八

鷹
司
殿
・
近
衞
殿
・
　（
實
萬
、
前
內
大
臣
）

三
條
殿
等
　

〔
御
落
飾
御
愼
〕

御
愼
御
落
飾
被
遊
候
樣
取
計
、
其
他
諸
大
夫
始
　

〔
メ
〕何
一
ツ
罪
科
無
之
　〔者〕もの
を
召

捕
、
關
東
　〔へ〕江　〔指〕差下
し
、
　〔それ

そ
れ
〕

夫
々
非
道
之
　〔處〕所置
　〔致し

〕
い
た
し
、
專
　

〔
ら
〕虎
狼
　

〔
の
〕　〔猛
〕
之
威
　〔を〕ヲ以
　

〔
て
〕天
下
を
屛
息
せ
し
め
、
畿
內
之
開
港

邪
敎
寺
取
建
等
　（
安
政
六
年
九
月
十
三
日
、
幕
府
、
日
米
修
好
通
商
條
約
批
准
ノ
爲
外
國
奉
行
等
ヲ
米
國
ニ
派
遣
ス
）

本
條
約
　〔指〕差許
　〔し且

ハ
〕

候
得
は
、
　（

尊
融
親
王
、
安
政
六
年
十
二
月
七
日
、
退
隱
・
永
蟄
居
）

靑
蓮
院
宮
樣
　

〔
之
〕御
英
邁
を
奉
忌
御
失
德
有
之
樣
申
觸
　

〔
し
〕、
御
寺
務
取
　〔し

〕
放

幕
府
ハ
無
實
ノ

罪
ニ
テ
鷹
司
以

下
處
罰
ス

本
條
約
ヲ
許
可

シ
尊
融
親
王
ヲ

幽
閉
ス
ル
ハ
北

條
足
利
ノ
暴
橫

ニ
等
シ

奉
幽
閉
候
所
業
、
乍
恐
　
玉
　〔體〕躰
二
　〔可

〕
も
奉
迫
候
　〔之機

〕
趣
顯
然
二
而
、
　（
義
時
、
承
久
三
年
後
鳥
羽
上
皇
ノ
軍
ヲ
破
ル
）

北
條
・
　（尊氏

、
後
醍
醐
天
皇
ニ
叛
ク
）

足
利
之
暴
橫
二
均
　

〔
し
〕く
、
　〔共に

天
を
戴
か
ざ
る
〕

不
共
戴
天
之
國

と
　〔いふ

〕
云
へ
し
、
嗚
呼
此
儘
二
打
過
な
八
、
赫
々
た
る
神
州
、
一
兩
年
を
不
出
、
內
地
之
奸
民
邪
敎
二
靡
　〔き〕キ、
彼

一
兩
年
ノ
內
ニ

ハ
國
內
邪
敎
ニ

ナ
ビ
キ
奸

ハ

彼
ニ
從
屬
ス
ル

ハ
明
ラ
カ
ナ
リ

　〔か〕＠勢
焰
を
助
け

皇
國
之
奸

平
身
低
頭
し
て
彼
か
正
朔
を
奉
す
る
事
、
掌
の
上
二
視
る
か
如
し
、
苟
　〔も〕モ人
心
有
之
　〔者〕もの
、
實

二
痛
哭
長
大
息
に
不
堪
事
な
ら
ず
や
、
雖
然
、

東
照
宮
之
　

〔
御
〕德
澤
未
　

〔
だ
〕地
に
　〔不墜

〕
墜
ず
、
御
三
家
御
一
門
二
は
尾
張
殿
・
水
戶
殿
・
一
橋
殿
・
　（
松
平
慶
永
、
前
福
井
藩
主
）

越
前
　〔殿〕家・
　（蜂須

賀
齊
裕
、
德
島

阿
波
家
・
　（
池因

　田
慶
德
、
鳥
取
藩
主
）

　藩主
）
州
家
之
如
き
　
德
川
家
輔
佐
之
良
將
も
有
之
、
外
諸
侯
二
も
薩
州
・
仙
臺
・
福
岡
・
佐
賀
・
長
州
・
土
　〔佐〕州・

宇
和
島
・
柳
川
等
天
下
之
爲
忠
憤
之
念
日
夜
　〔怠ら

ざ
る
〕

不
怠
、
有
名
之
諸
侯
も
不
少
候
　〔へ〕得
ハ
、
內
は
則
　

〔
ち
〕御
　〔家〕加門
方
　
將

內
ハ
家
門
方
將

軍
家
ヲ
補
佐
シ

內
政
ヲ
修
メ
外

ハ
諸
侯
武
備
ヲ

整
へ
神
州
ノ
恥

辱
一
洗
シ
叡
慮

ヲ
安
ゼ
ン

軍
家
を
奉
補
佐
專
　

〔
ら
〕內
政
を
　〔修〕脩め
、
外
は
則
有
名
之
諸
侯
一
意
　〔「二

」
ナ
シ
〕

二
忠
力
を
盡
し
武
備
を
　〔へ

〕
整
な
八
　
神
州
之
恥
辱

を
一
洗
し
て
、
　
叡
慮
を
奉
　〔安〕要候
事
天
地
神
明
に
誓
　〔て〕ひ疑
　〔ある

へ
か
ら
ず
〕

有
ま
し
、
依
之
當
今
事
態
　〔之〕々槪
略
を
記
し
て
天
下

之
公
論
折
衷
を
待
　

〔
ち
〕、
左
袒
し
て
天
下
を
興
起
せ
ん
と
欲
す
る
所
　〔なり

〕
也
、
周
　〔の〕之衰
る
婦
人
す
ら
不
恤
諱
し
て
周
家
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延
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九

之
亡
　

〔
る
〕　〔「

事
」
ナ
シ
〕

事
を
　〔憂ひ

し
に
〕

憂
し
に
、
ま
し
て
三
千
年
余
之
　〔天〕君恩
を
戴
き
、
　〔二〕貳百
年
來

東
照
宮
之
恩
澤
に
沐
浴
す
る
　〔者〕もの
誰
歟
報
效
　〔の〕之念
な
　

〔
か
〕ら
ん
　

〔
や
〕、
草
仗
之
小
臣
痛
憤
切
齒
之
　〔餘〕余　〔「
り
」
ナ
シ
〕

り
寢
⻝
を
　〔不安

〕
安
ん
せ

す
日
夜
遺
憾
　〔を吞

て
〕
て
時
勢
を
憂
　

〔
ひ
〕し
か
、
彼
　〔の〕か罪
惡
追
日
增
長
　〔「す

」
ナ
シ
〕

す
、
豈
唯
　
德
川
家
之
罪
人
　〔のみ

〕
而
已
な
ら
ん
や
、
實

彼
ハ
德
川
家
ノ

罪
人
神
州
ノ
逆

ナ
リ

　〔「二
」
ナ
シ
〕

二
神
州
　〔の〕之逆

　〔也〕なり
、
　〔「然

則
」
ナ
シ
〕

然
則
天
地
神
人
同
憤
之
時
二
乘
し
、
天
下
諸
藩
之
同
志
と
　

〔
合
力
〕同
心
し
て
天
下
之
　〔奸〕姦

を

天
下
諸
藩
同
志

ト
共
ニ
天
下
ノ

姦

ニ
神
罰
ヲ

加
フ
ル
者
也

誅
伐
し
、
神
罰
を
蒙
ら
　〔しむ

る
者
〕

す
る
も
の
也
、

§
§
§
§
§
§
§
§
§
§
§
§
§
§
§
§
§
§
§
§

（
卷

紙
）

二

三
月
三
日

大
老
井
伊
直
弼
掃
部

頭

屆
書
（
案
）

○
史
料
編
纂
所
所
藏
「
幕
府
沙
汰
書
」
ハ
、
一
、
狼
藉
應
戰
屆
書
、
二
、
同
屆
書
別
紙
（
彥
根
藩
士
死
傷
者
書
上
）、
三
、
水
戶
藩
士
死
骸

引
取
屆
ノ
三
通
ヲ
收
載
ス
、
一
ト
本
案
ト

言
ノ
異
ナ
ル
箇
所
ヲ
注
記
セ
リ
、
又

紙
添
付
位
置
ハ
元
來
ノ
モ
ノ
カ
後
考
ヲ
要
ス
、

今
朝
登

今
朝
登
城
中
外

櫻
田
門
外
ニ
テ

狼
藉
者
駕
ヲ
襲

擊
ス

城
　〔
掛
〕ケ

、
外
櫻
田
　〔「
御
門
外
」
ナ
シ
〕

御
門
外
松
平
　（
親
良
、
杵
築
藩
主
）

大
隅
守
門
前
＠
上
杉
　（
齊
憲
、
米
澤
藩
主
）

彈
正
大
弼
辻
番
所
迄
之
間
二
而
、
狼
藉
者
鐵
炮
打
　〔

ケ
〕

掛
、
凡

　〔
二
十
〕
貳
拾
人
餘
り
拔
連
、
駕
　
〔
籠
〕を
目

ケ
切
込
候
二
付
、
供
方
之
者
共
防
戰
致
し
、
狼
藉
者
壹
人
討
留
、
其
餘
手
疵
深

一
人
討
取
ル
モ

其
外
逃
亡
ス

手
等
爲
負
候
二
付
、
悉
く
逃
去
申
候
、
　

〔
拙
者
儀
捕
押
方
等
指
揮
致
候
處
怪
我
致
し
候
二
付
一
ト
先
歸
宅
致
し
候
〕

尤
供
　〔
方
始
〕

頭
初
卽
死
手
負
之
者
　
〔
別
紙
之
通
二
〕

何
人
御
座
候
、
此
段
御
屆
　
〔
被
〕申

逹
候
、
以
上
、

供
頭
等
手
負
ア

リ
右
御
屆
申
逹

There are two annotation lines, one to the right, one
to the left. The box orientation is positive, so the
annotation line to the right (resp. to the left) would
be considered to be the major (resp. minor) one.

Note that here, there are three parallel streams,
each with its own rules for line breaking. This is in
fact a special case of multiple interacting streams.
See [6] for a more general discussion.

6 Implementation

Adapting existing TEX engines to implement this
proposal should be relatively straightforward. There
would be a limited number of primitives (text mir-
roring, clockwise and counterclockwise rotation, ver-
tical and horizontal displacement), using a limited

set of parameters: numeric (baseline shift), Boolean
(to mirror or not, to rotate or not, clockwise or
counterclockwise), and direction (text, mathematics,
paragraph, page body, page).

I think that pTEX, X ETEX and LuaTEX can
all be extended in these ways, and that much of
the relevant code from the Omega project is still
useful. The approach is also extendable to new writ-
ing styles, e.g., axial bottom-up writing, or to new
kinds of text embeddings. The new algorithms to be
added include a paragrapher within the paragrapher
(straightforward), and a line-breaking algorithm for
multiple simultaneous streams (non-trivial).
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