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Uvodnik staronového predsedy

| PETR SOJKA I

Milé ¢tenarky a Ctenafi, priznivci kvalitni typografie sdzecim systémem TgEX,

otvirate prvni a posledni ¢islo Zpravodaje v roce 2016, ¢tyrcislo s ¢lanky roku
2016. Dovolte mi pri prilezitosti mého znovuzvoleni predsedou naseho zapsaného
spolku malou reminiscenci a zhodnoceni stavu (SI'UGu a Zpravodaje.

Ohlédnuti zpét

Jelikoz jsem predsedal (FI'UGu kromé obdobi 1995-2001 jiz posledni dvé volebni
obdob{ (2010-2016), je na misté malé ohlédnuti zpét, a dovolim si par myslenek
o nasem sdruzeni. Mnoho se od mého predani sdruzeni v roce 2001 kolegtim
Olsékovi (2001-2004) a Kubenovi (2004-2010) a za dobu mého pfedchoziho
predsedovani zménilo.

Pfed Sestndcti lety pii mém pieddvani statutarské stafety byl (SI'UG v poctu
¢lentt lokdlnich sdruzen{ uzivateli (LUG) na milién obyvatel na $pici pomyslného
pelotonu LUG. Dnes tomu tak jiz neni, a zdjem o Clenstvi ma trvale sestupnou
tendenci. Nase sdruzeni nevzkvéta. Celosvétovy TUG loni usporadal roéni kampan
s cenami za ziskdvani novych ¢lentt. Cleny se bez pobidek jiz nestévaji bézni
uzivatelé TEXu prosté proto, ze nemaji potfebu se organizovat ve spolku uzivatel
jak bylo diive bézné. LUG se spiSe stavaji profesnimi organizacemi, kde zistavaji
vesmés profesionalové TEXem se zivici, nebo dlouhodobi entuziasté stiedniho ¢i
vyssitho véku.

Je opravnéné se ptat, zda GFI'UG nabizi to, po ¢em je mezi desitkami tisic
radovych uzivateli TEXu poptavka. Je potfeba se ptat, jak plni své poslani
a slouzi ¢lentim. Nasnadé je otazka, zda je snizovani poc¢tu ¢lent dano objektivnimi
faktory, jako je snadna dostupnost informaci a TEXovych distribuci na Internetu,
existenci podpory TEXovych guru na platforméch typu StackExchange, zvySenymi
moznostmi vyziti a uplatnéni mimo zapsané spolky a obcéanské sdruzeni, jako je
&TUG, nebo neplnénim ocekavani ¢lent od LUG.

V tvodniku staronového predsedy ve Zpravodaji 2011-1 jsem avizoval sviij
minimalisticky program sdruzeni: kromé dodrzeni vSech zakonnych povinnosti
chodu neziskové organizace a dodrzeni slibii grantové financéni podpory jsem chtél
konsolidovat aspon vydavani naseho Zpravodaje. Nechdvam na ¢tenafi posouzent,
do jaké miry se to podarilo. Nepodarilo se také radné pripomenout a oslavit
ctvrtstoleti existence FI'UGu.

Sebekriticky jsem pro volby na dalsi obdobi hledal pro nehonorovanou a zod-
povédnou funkci statutdra GGI'UGu svého ndstupce. Pies veskeré usili se mi vSak
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nikoho nového s mladickym eldnem k prevzeti predsednické stafety premluvit
nepodarilo. Naopak, u nékterych ¢lentt vyboru to patrné vedlo k jejich rozhodnuti
radéji nekandidovat do vyboru vibec, a slibili se ddle angazovat nezavisle na
zévazku funkce v organizaci. Jelikoz jsem ze svého predchoziho dvanéctiletého
vedeni (T'UGu védél, o jak ndrocnou a zodpovédnou funkci se jednd, s kandida-
turou do vyboru — a tedy s hrozbou nédvrhu na predsedu sdruzeni — jsem dlouho
vahal.

Valné shromazdéni

Na obvyklé prednasky pred kazdoroénim valnym shromézdénim se mi podarilo
sehnat hned dvé predndsky svych studenti na Fakulté informatiky MU: Be. Vita
Novotného a Be. Davida Luptdka. Po uvedeni a vyslechnuti obou prednédsek
(¢lanky k obéma jsou v tomto ¢isle) a po rozhodnuti obou prednésejicich se stat
aktivnimi ¢leny sdruzeni jsem pojal divéru v budoucnost spolku zalozenou na
sikovnych a iniciativnich mladych ¢lenech. A poté, co Vit Novotny na shromazdéni
vyjadril i ochotu pomoci s dosud vaznouci technickQu redakei Zpravodaje (FTUG
a aktivné se nabidl prilozit ruku k dilu Honza Sustek, bylo rozhodnuto. Na
nésledné schiizi vyboru jsem s podminkou pozitivniho obratu a zmén koncepce
ve vydavani Zpravodaje souhlasil s opétovnym zvolenim do ¢ela spolku a stal se
tak staronovym predsedou sdruzeni.

Podékovani
Nelze nez podékovat predchozimu vyboru za to, ze sdruzeni a jeho tradice byla
udrzena, véetné minimalistického programu ¢innosti. Nejen ze byly udrzovany
diskusni listy a zpristupnovan archiv CTAN zrcadlenim do Brna, byl vytvoren
novy web sdruzeni. Césteéné byl redukovan skluz ve vydavani Zpravodaje sdruzent,
zejména péci jeho séfredaktora Zdenka Wagnera a jeho zastupce Tomase Haly.
Setrvavajici aktiva sdruzeni byla vyuzivana na podporu TEXovych projektii
doma i ve svété. (I'UG finanéné podporoval projekty fontd TEX Gyre, META-
POST, LuaTgX. Ty jsou na svété i diky finanénimu prispéni FTUGu. Diky
placeni kolektivniho ¢lenstvi GFI'UGu v TUGu bylo rozesildno osm cisel casopisu
TUGBoat do center TXového Zivota v Praze (knihovny MFF UK, FEL CVUT
a MU AV), Liberci, Ostravé (OU), Brné (Univerzita obrany), Bratislavé (MFF
UK) a Kogicich (UJS).

Zpravodaj

Od svého zaloZeni (FI'UG vydava primdrné pro komunikaci mezi svymi ¢leny
Zpravodaj (FI'UGu. Neddvno v tichu oslavilo periodikum ¢tvrtstoleti svého ne-
preruseného vydavani. V predchozim obdobi se nedafilo redakci casopis vydavat



pravidelné, jednak z divodu nedostatku nabizenych kvalitnich prispévki, jednak
kvili technické naroc¢nosti sesazeni jednotlivych ¢isel. Své sehrélo i pracovni vy-
tizeni protagonistu redakce, Séfredaktora a jeho zastupce, vzhledem k vysokym
ambicim, které se ale vcas nedarilo naplnovat a komunikovat.

Nova koncepce vydavani Zpravodaje
Vzhledem ke své pracovni zaneprazdnénosti na pozici séfredaktora Zpravodaje
rezignoval Zdenék Wagner. Hozenou $éfredaktorskou rukavici zvedl Honza Sustek,
ktery byl v této roli jednomyslné vyborem potvrzen. Dilezity bod jeho koncepce
vydavani jde vstiic autorum, ktefi na redakéni zpracovani svych clanku ‘v bufferu’
redakce diive ¢ekali nezvykle dlouho:
if médme v bfeznu v bufferu nemalo ¢lankd then
vydame ¢islo a vyprazdnime buffer
end if
if mame v Cervnu v bufferu nemélo ¢lanku then
vydame [jedno—dvoj]¢islo a vyprazdnime buffer
end if
if mame v zari v bufferu nemalo ¢lankd then
vyddme [jedno—troj|éislo a vyprazdnime buffer
end if
V listopadu vyddme [jedno—¢ty¥]éislo a vyprazdnime buffer.
PlIné se s timto programem ztotoznuji a toto ¢islo pripravené v rekordné kratkém
Case je prvnim hmatatelnym dukazem jeho napliovani. Diky! Vérim, ze prislib
pravidelnosti privede k zasilani ¢lankt nové autory, kteii se podéli o své zkusenosti
¢i zpracuji problematiku formou piehledového ¢lanku.

Na Valném shromazdéni, jakozto nejvyssim organu spolku, byla tato proble-
matika diskutovana. V diskusi s pfijetim role technického redaktora Zpravodaje
k mé velké radosti souhlasil Vit Novotny. Ze to byl dobry krok svédé i éfslo, které
drzite v rukou.!

Novéa pravidla vydévani sice bude jesté tfeba kolektivné dopracovat, zajistit
transparentnost procesu redakce, pravidla recenzniho Fizeni a otevienost zapojeni
odbornikt pfi technickych vyzvach sazby a pripravy Zpravodaje do tisku. Jste-li
ochotni prilozit ruku k dilu recenzemi, korekturami, ¢i svym know-how, ozvéte se
prosim redakci.

1Piikaz svn loglgrep vnovotny|wc -1 informujici o poétu revizi, které na tomto ¢éisle od
svého vstupu do (T'UGu pred valnym shromazdénim udélal, dava tticiferné ¢islo. To demonstruje
objem préace, ktery sesazeni a redakce takového cisla obnasi. Pfipadné nejednotnosti jdou na
muj vrub dany tlakem ¢islo rychle dostat ke ¢lentim a srovnat skluz ve vydavani.



Editorial éisla
Obsah tohoto ¢isla zac¢inad dvéma c¢lanky v anglictiné referujicimi o projektech,
které (ST'UG podporil finanéné: TEX Gyre a SWIGLIB.

Polsti kolegové podavaji zevrubnou zpravu o tom, jak po dvé dekady prispivali
i vyvoj matematickych fontd a OpenType verzi fonti. Doctete se o historii
Latin Modern fontt, dulezitosti kompatibility metrik fontd, vyvoji rodiny fontu
TEX Gyre nahrazujici komercni rozsirené alternativy zakladnich fonti Adobe,
a doplnujici pét rodin fontd kompletni podporou TEXové matematiky. Zavérem
jsou naznaceny sméry dalsiho vyvoje.?

Luigi Scarso referuje o svém projektu SWIGLIB, taktéz podpofeném finanéné
&I'UGem. Projekt umoznuje efektivni vyuziti binarnich knihoven v LuaTgXu,
zachovavaje standardni devizy TEXovych feseni, a to efektivitu a portabilitu.

Marek Pomp sdili své zkuSenosti s literarnim programovanim v jazyce R
vhodném pro statistické vypocty a pripravu diagrami.

Vit Novotny popisuje svij novy makrobalik Markdown umoznujici stejno-
jmenny jazyk pouzit v kterychkoli dokumentech I¥TEXu, plain TEXu a ConTEXtu.
Pomérné rozsiteny a tsporny jazyk tak nyni lze sazet kvalitnim sazecim strojem,
a také ve slozitéjsich dokumentech kombinovat se slozitéjsimi objekty nepodpo-
rovanymi ve znackovani Markdown. Clanek demonstruje vhodnost vyuziti do-
stupnosti Lua interpretu misto makroexpanze pro implementaci feSeni problému
parsovani textu v jazyce Markdown.

Problematikou elektronickych knih a jejich pripravy z klasicky znackovanych
dokumentti se zabyva ¢lanek Michala Hofticha. ReSen{ je postaveno na konverzi
do XML formatua elektronickych ¢tecek pomoci programu TEX4ht.

Neméné atraktivni a v komunité zadanou funkcionalitou je sazba bibliogra-
fickych citaci vyhovujicich normé ISO 690. V ¢lanku o baliku biblatex-iso690
BiBETEXu David Luptak informuje o vysledcich své bakalarské prace na Fakulté
informatiky MU, kterd umoznuje splnit pozadavky této nedavno aktualizované
normy. O poptévce a vyznamu prace sveédci rychlost, s jakou developerska komu-
nita po jeho feseni sdhla, mérend poctem vétvi v repozitafi projektu.

Cislo se uzavira prekladem dalf ¢asti seridlu Petera Wilsona o vyuziti TEXo-
vych nastroji pro cykly na praci s fetezci.

Podékovani ¢lentim, zejména kolektivnim
Nejvetsi ¢lenské prispévky pro finanéni zabezpeceni chodu sdruzeni tradi¢né
prinasi kolektivni clenové, za coz patii dik i jejich kontaktnim osobam. Jmenovité
jde o:

1. Bilkovéa Hana, Ustav informatiky AV CR, v.v.i.

2Na vyborové schiizi (GTUGuU byl odsouhlasen zévazek dalsf vyvoj fonti GUST E-foundry
v letech 2017-2019 finan¢né podporovat ¢astkou 1000 Eur roc¢né.




2. Bojar Stépan, Univerzita Karlova v Praze
3. Borkova Eva, Univerzita Toméase Bati ve Zliné, Fakulta aplikované infor-
matiky, Ustav matematiky
4. Busa Jan, Technicka univerzita v Kosiciach
5. Dvorsky Jiff, VSB-TU Ostrava, Fakulta elektrotechniky a informatiky
6. Gencéev Marian, VSB-TU Ostrava
7. Halir Jiri, Konzervator, Brno
8. Jakl Ondiej, Ustav geoniky AV CR, v.v.i.
9. Jurak Josef, Slezskd univerzita v Opaveé
10. Kuben Jaromir, Ministerstvo obrany CR
11. Nemoga Karol, Matematicky tustav SAV, Bratislava
12. Pisacka Jan, Ustav fyziky plazmatu AV CR, v.v.i.
13. Plch Roman, Ustav matematiky a statistiky P¥F MU
14. Pospisil Herman, Ustav makromolekuldrni chemie AV CR, v.v.i.
15. Rékosnik Jiff, Matematicky tstav AV CR, v.v.i.
16. Roupec Petr, Fyzikalni tstav AV CR, v.v.1i.
17. Rybicka Jiti, Mendelova univerzita v Brné, Ustav informaénich technologii
18. Sklendk Vilém, Vysoka skola ekonomickd v Praze, Fakulta informatiky
a statistiky
19. Sojka Petr, Masarykova univerzita Brno, Fakulta informatiky
20. Svoboda Vojtéch, Ceské vysoké uceni technické v Praze, Fakulta jaderna
a fyzikalné inzenyrska
21. Sustek Jan, Ostravské univerzita
22. Vanicek Petr, Ustav teorie informace a automatizace AV CR, v.v.1i.
23. Vesely Jiri, Univerzita Karlova, Matematicko-fyzikalni fakulta
24. Vyhnanek Jiff, Ceské vysoké uceni technické v Praze, Fakulta strojni,
Centrum pocitacovych sluzeb

Kolektivni ¢lenové casto deponuji ve svych knihovnach Zpravodaj sdruzeni,
a DVD TgXlive, nebot oboji dostavaji v nékolika kusech, a takto prirozené sdruzuji
uzivatele v centrech vzdélanosti na jednotlivych pracovistich. Pokud vite ve svém
okoli o organizaci, kterd TEX pouziva, prosim navrhnéte, aby zvazila své ¢lenstvi
v TUGu.

Prioritou mého predsednictvi v druhém ctvrtstoleti (FI'UGu bude kromé
zajisténi minimalniho chodu sdruzeni stabilizace vydavani Zpravodaje a pod-
pora aktivnich jednotlivel a projektti naplnujicich poslani sdruzeni. S ¢lenstvim
&GTUGu v CrossRef souvisi pfedavani metadat vydanych ¢lankd do této celo-
sveétové databaze, a to zpétné pro ¢lanky vydané od roku 1991, véetné seznami
citaci. To by mohlo zvysit viditelnost Zpravodaje a zatraktivnit i publikovani
ve Zpravodaji pro akademiky. Neméné dilezita bude prezentace (I'UGu na In-
ternetu, aktualni a udrzované webové stranky, funkéni administrativni rozhrani
databaze ¢lent, mailové diskusni skupiny a péce o ftp archiv CTAN a sdruzeni.



Aktivity sdruzeni stoji a padaji na ochotnych jednotlivcich. Mate-li co sdruzeni
nabidnout, at uz v souvislosti s vyse naznacenymi ¢innostmi sdruzeni, nebo byste
chtéli zacit novou aktivitu v duchu stanov sdruzeni, napiste prosim na adresu
vyboru z tiraze!

Budeme vdécni i za pomocnou ruku v ziskdvani novych ¢lent, propagaci
sdruzeni, editaci a redakci tematickych webovych stranek na webu sdruzeni, ale
i za konstruktivni naméty na dalsi aktivity ¢i pripominky ke stavajicimu chodu
sdruzeni.

Libi se mi tradice némecky mluvicich TpXistt DANTE zvand ,Stammtische*.
Priblizné jednou za meésic se ve nékterych méstech u jednoho stolu pravidelné
schazeji zadjemci o TEX a sdileji své zkuSenosti a znalosti. I to je mozné pficinou,
ze DANTE ma4 vice ¢lenta nez celosvétovy TUG. Pokud byste ve svém mésté chtéli
tuto tradici osobnich kontaktil zalozit, sméle do toho a (JT'UG jisté pomiize dat
misto setkani svym ¢lentim ve zndmost. Jen do toho!

Summary: Introductory Word by Once and Future
President

Editorial discusses (ST'UG’s past and future, membership issues and shaping the
organization in the Internet era, together with changes related to the publishing
of Zpravodaj (STUG.

Go forth and participate in (§I'UG to make the bright future of TEX & Friends
a reality! You can/

Masarykova univerzita, Fokulta informatiky, Botanickd 68a, 60200 Brno
sojka@ fi. muni. cz



GUST E-Foundry Font Projects

4{ BoGustAw JACKOWSKI, PIOTR STRZELCZYK, PIOTR PIANOWSKI I

In this paper, we present a summary of our work on the TEX Gyre fonts. We
also discuss inconsistencies in the existing fonts and encodings and show how
the problems are solved in the TEX Gyre fonts.

Keywords: TEX Gyre fonts, Latin Modern fonts, AFDKO, GUST e-foundry.

What is a document?

It is a sequence of rectangles containing a collection of graphic elements.
What is a font?

It is a sequence of rectangles containing a collection of graphic elements.

— Marek Ryc¢ko

1. Introduction

The Polish TEX Users Group (GUST) has paid attention to the issue of the
fonts since the beginning of its existence. In a way, it was a must, because the
repertoire of the diacritical characters of the Computer Modern family of fonts
(CM), “canonical” TEX family defined as the Metafont programs (see [5]), turned
out to be insufficient for the Polish language. The efforts of the GUST font team
(GUST e-foundry), led by Bogustaw Jackowski, were kindly acknowledged by the
professor Donald E. Knuth:
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Obviously, our first fonts were PK bitmap fonts programmed using Metafont. Alas,
the TEX/Metafont bitmap font format never became the world-wide standard.
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Therefore, the next step were fonts in the PostScript Type 1 format which fairly
soon became obsolescent and was replaced by the OpenType format (OTF, a joint
enterprise of Microsoft and Adobe, 1996, see [31]) which is actually a common
container for the Adobe PostScript Typel and Microsoft TrueType (TTF) formats.
In 2007, Microsoft extended the OTF standard with the capability of typesetting
math formulas, largely based on ideas developed for TEX, and implemented it
in MS Office. Soon, TEX engines were adapted to process such math OTF fonts.
Therefore our recent fonts are released in the OpenType format, which also makes
them easily usable outside of the TEX realm.

So far, no OTF successor is in sight, which is both good and bad (cf. Sec-
tion 7.4).

We published our partial results successively as the work progressed. This
paper provides an overall summary of our work: it describes the collections of
fonts prepared by the GUST e-foundry, deals with some technical issues related
to the generation of fonts and their structure and puts forward a few proposals
concerning future works.

This is not an overly strict report, but rather a story about our technical
work on fonts, illustrated by representative examples which, we hope, show the
essence of the matter. In order to keep our narration smooth, we decided not
to use formal captions with explanations to figures and tables (only numbers of
figures and tables are given). The relevant detailed descriptions always appear in
the main text.

2. Historical background

PostScript and TEX are genetically related: their common ancestor is the ingenious
idea of a programming language for the description of documents understood as
a sequence of rectangular pages filled with letters and graphics. Both projects
were devised nearly at the same time — at the turn of the 1970s to the 1980s.
And both are still alive and well, proving that the idea behind both projects was
indeed brilliant.

From our perspective, the most important thing in common, and at the same
time a key distinctive element, was the different handling of fonts and graphics;
in other words, both systems clearly distinguished illustrations from fonts. That
approach was justified by the computer technology at that time.

For both TEX and PostScript, fonts were external entities, both used metric
files plus files defining glyph shapes, both defined contours as Bézier splines
(planar polynomials of the 3¢ degree), and for both fonts were to be prepared
separately with dedicated font programs, prior to creating documents.

Formally, TREX was released a little earlier— TEX in 1982, PostScript in 1984, both with
earlier work.



And this exhausts the list of similarities.

TEX worked with binary metric files, TFM; its output, a device independent
file (DVI), was processed by so-called drivers which made use of the “proper”
fonts, that is, the relevant bitmap collections, and produced output that could
be sent to a printer or to a screen. The bitmaps were prepared independently
with the Metafont program(s) which interpreted scripts written in the Metafont
language and generated TFM and bitmap files.

In Metafont, the shapes of glyphs are defined as Bézier curves, stroked with a
“pen” and/or filled.

Basic PostScript fonts (i.e., Type 1; see [28]) employ contours defined as non-
intersecting closed Bézier outlines which can only be filled.2 The “filled outline”
paradigm relates also to the Microsoft TTF format and, thereby, to the OTF
format.

PostScript Type 1 fonts are usually (but not necessarily) accompanied by
corresponding ASCII metric files (AFM), not used by the interpreters of the
PostScript language. In the Microsoft Windows operating system, making an
already complex situation even more complex, binary printer font metric files
(PFM) were introduced for Windows drivers that used PostScript Type 1 fonts.

For a long time, only commercial programs for generating PostScript Type 1
fonts were available. Only in 2001, George Williams released his remarkable
FontForge program (initially dubbed PfaEdit; [25]). FontForge can generate
outline fonts in many formats, including PostScript Type 1 and OTF.

PostScript was promptly (and rightly) hailed as the standard for printers and,
more importantly, for phototypesetters, therefore a driver converting DVI files to
PostScript became necessary. Fortunately for TEXies, PostScript is equipped also
with Type 3 fonts; glyphs in Type 3 fonts can be represented by nearly arbitrary
graphic objects, in particular, by bitmaps, therefore the making of a PostScript
driver for converting DVI files to PostScript was possible already in 1986, when
Dvips, the first and still most popular driver was released by Tomas Rokicki. (It’s
a pity that the idea of Type 3 fonts was not supported and developed by Adobe.)

There were a few unsuccessful attempts to convert the basic TEX font col-
lection, CM, to the PostScript Type 1 format automatically, thus preserving the
parameterization. The main hindrance was the excessive usage of stroked (both
painted and erased) elements in the CM font programs, while, as was mentioned
previously, the PostScript Type 1 and OTF formats accept only filled shapes.

The “filled outline” paradigm was a convenient optimization at the beginning
of the computer typesetting era, when, for example, the generating of the complete

2The PostScript Type 1 documentation [28], p. 34, mentions the possibility of stroking: a
Type 1 font program can also be stroked along its outline when the user changes the PaintType
entry in the font dictionary to 2. In this case, overlapping subpaths will be visible in the output;
this yields undesirable visual results in outlined characters. In practice, this possibility is not
used.



collection of bitmaps for the CM fonts at resolution, say, 240 dots per inch (typical
for dot matrix printers) took a few days. Nowadays, the paradigm still thrives by
virtue of tradition: there is an abundance of such fonts and, and what is worse,
all operating systems support only this kind of font.

3. First steps

Taking the above into account, we made up our minds to design our own pro-
grammable system for generating fonts in “world-compatible” formats.

3.1. Our tools

Our primary tool was MetaPost [4], a successor of Metafont, which promised well
as a tool for making PostScript Type 1 fonts due to its native PostScript output.
We called our MetaPost-based package MetaType 1 [13]. It was instantiated
as a set of scripts using, besides MetaPost, T1utils, that is, Lee Hetherington’s
(dis)assembler for PostScript Type 1 fonts (cf. [3, 4]). A few scripts written
in Gawk and Perl were also employed.

On the one hand, such a simple approach turned out to be insufficient for
generating OTF fonts, in particular OTF math fonts. On the other hand, it
turned out to be flexible enough to include an extra external step for making OTF
fonts. For text fonts, we employed the Adobe Font Development Kit for Open-
Type (AFDKO [26]); for math fonts, the FontForge library governed by Python
seripts [15, 25]. In the future, we want replace AFDKO by a FontForge+Python
utility (cf. Section 7).

A set of MetaPost macros in the MetaType 1 package defines two important
procedures, essential for generating non-intersecting outlines and heavily used in
our font programs: finding a common outline for overlapping figures, known also
as removing overlaps, and finding the outline of a pen stroke, known as expanding
strokes or finding the pen envelope.

Another important feature, hinting, is implemented, but, in the end, we
decided to avoid manual hinting, since it is difficult to control and yields mediocre
results. Metafont has no notion of hinting—the Metafont language simply offers
rounding. Moreover, the language for describing outlines in PostScript Type 1
fonts cannot express even as trivial a mathematical operation as rounding.

For low-resolution devices, controlled rounding is crucial —hence the idea of
“hinting”, that is, controlled rounding. Alas, hinting algorithms remain undis-
closed, especially with regard to commercial typesetting devices such as photo-
typesetters. One can presume, however, that low-resolution devices are bound to
disappear sooner rather than later: the resolution of display devices has reached
almost 600 dpi and 1200 dpi (and more) for printers is nowadays nothing special.
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Therefore, running with the hare and hunting with the hounds, we decided to
hint our recently released OTF fonts automatically with FontForge.

3.2. Trying our tools out
We tested our newborn MetaType 1 engine against a simple example, namely,
Donald E. Knuth’s logo font [17]: the sources, originally written in the Metafont
language, were adapted to MetaType 1’s requirements. The distributed package
contains both MetaType 1 sources and the resulting PostScript Type 1 files for
the logo font [13].

The test proved the usefulness of the approach; hence, in 1999, we started
a larger project: the programming of the long-established Polish typeface An-
tykwa Poltawskiego as a parameterized font. The preliminary family of fonts was
released in 2000. Ten years later, prompted by the TEX community, we released
the enhanced version of Antykwa Pdéltawskiego with the relevant OTF files [7].
In parallel, Janusz M. Nowacki used MetaType 1 to generate several replicas of
Polish fonts, namely, Antykwa Toruriska, Kurier, Iwona, and Cyklop [22].

4. Latin Modern collection of fonts

Recall that the repertoire of diacritical characters in CM fonts was insufficient for
most languages using diacritical characters. The TEX accenting mechanism (the
\accent primitive), meant as a solution to this problem, was unsatisfactory —
for example, accents and hyphenation conflicted. The problem was recognized
relatively early and various approaches were used to remedy the situation.

For example, the Polish extension of CM in the PK format was prepared in
Poland (PL fonts, [8]), but this worked only for Polish TXies.

Also worthy of note is the Furopean Computer Modern Fonts (EC) project led
by Jorg Knappen and Norbert Schwarz, triggered during the TEX Users Group
conference in Cork, 1990, and finished in 1997 [16]. The EC metric files, however,
are slightly incompatible with CM metric files, by circa 0.025%.>

A rather general technique was applied by Lars Engebretsen, who attempted
to eliminate the necessity of using the \accent primitive by making virtual fonts,
dubbed Almost European (AE), containing quite a large set of the European
diacritical characters [1].

Hyphenation worked with AE fonts, though still unsatisfactorily — for example,
coinciding of such accents as cedilla or ogonek with a main glyph is inconvenient

3The reason behind this discrepancy is a peculiarity of Metafont arithmetic: the formula
1/36 * i yields different results than the formulas ¢/36 and 1/364; for example, for i = 3600 the
results are 99.97559 for the first formula and 100 for the latter formulas. The first formula was
used in the EC fonts (in the gendef macro).
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when a non-intersecting outline is required (for cutting plotters, for outlined
titles, and so on). Moreover, the virtual fonts are obviously unusable outside the

TEX realm.

4.1. Latin Modern fonts in the PostScript Typel format

In 2002, during the EuroBachoTEX meeting, a proposal of converting Engebret-
sen’s AE fonts into the PostScript Type 1 format and augmenting with them
the set of necessary diacritical characters was put forward by representatives of
FEuropean TEX user groups. We had no choice but to accept the proposal with
delight.

Our initial plan was to use the AE fonts as our departure point; we even wanted
to preserve the original name, Almost Furopean, coined by Lars Engebretsen. It
turned out, however, to be much more efficient to prepare the enhanced version
of the CM fonts from scratch, and so sticking to Lars Engebretsen’s name seemed
inadequate, because the differences were too essential.

All in all, inspired by both EC and AE fonts, we came up with the Latin
Modern (LM; see [11]) project which was accepted by the user groups.

Fortunately for us, freely available quality CM fonts in the PostScript Type 1
format already existed. In the 1980s and 90s, they were produced (from traced
bitmaps improved by very solicitous manual tuning) for commercial purposes by
Blue Sky Research and Y&Y. Nearly a decade later, they were released to the
public thanks to the efforts of the American Mathematical Society.*

We converted the PostScript Type 1 files of the CM fonts to MetaType 1 and
wrote the MetaPost software relevant for generating the characters we decided
to add (mainly diacritical letters). The work had already been partially done
by Janusz M. Nowacki, who prepared the PostScript Type 1 version of the PL
fonts in 1997. The official version of the LM fonts, 1.000, was eventually released
in 2006 (in the meantime, several unofficial versions were released for testing
purposes). The LM collection of fonts consisted of 72 text fonts, each counting
about 700 glyphs, plus 20 CM-like math fonts.

In 2009, an extensive revision of the LM fonts was carried out: the text fonts
now contain more than 800 glyphs each (altogether more than 60,000 glyphs)
and the glyphs conform to the changes introduced by Donald E. Knuth in 1992.

Almost all of the CM text fonts have counterparts in the LM family; the
exceptions are one monospaced font, cmtex10, emulating Donald E. Knuth’s
keyboard layout, and the rarely used cmff10, cmfi10, cmfib8, and cminch. So

4In 1997, a consortium of scientific publishers (American Mathematical Society, Elsevier
Science, IBM Corporation, Society for Industrial and Applied Mathematics, and Springer-
Verlag) in cooperation with Blue Sky Research and Y&Y decided to release these excellent
fonts non-commercially; in order to assure the authenticity of the fonts, copyright was assigned
to the American Mathematical Society. (http://www.ams.org/publications/typel-fonts).
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far, nobody has complained about this inconsistency. Instead, encouraged by
Hans Hagen, we decided to create 10 variants of typewriter LM fonts not having
counterparts in the CM family: 1mt1c10, 1mtk10, 1mt110, lmvtk10, and 1lmvt110
(monospaced light condensed and monospaced and variable-width dark and light,
respectively) plus their oblique variants 1mtko10, 1mt1010, 1mtlco10, lmvtko10,
and lmvtlo1O.

4.2. Latin Modern fonts in the OTF format

It was relatively easy to prepare the LM family of fonts in the OTF format using
the AFDKO package: it mainly necessitated preparing a few extra data files
in the OpenType Feature File Specification language [32]. Needless to say, the
experience gathered at this stage came in handy during the work on the TG fonts
(see Section 5).

There was trouble, however, with the 20 math fonts. We provided the re-
spective LM equivalents in PostScript Type 1 format. For compatibility with
the (obsolete) PL fonts, the symbol fonts, Imsy* and lmbsy*, contain two extra
glyphs: slanted greater-or-equal and less-or-equal signs, used traditionally in Pol-
ish math typography. As the math extension for OpenType did not exist yet, we
decided not to convert these fonts to OTF. We knew that the companies that had
invented and maintained the OTF standard, in cooperation with the American
Mathematical Society and the Unicode Consortium, were working on extending
the standard with math typesetting capabilities. We expected that by using the
enhanced OTF specification we would be able to create a TEX-compatible math
OTF collection. Alas, the Unicode Consortium report on Unicode support for
mathematics [37], followed by the initially confidential Microsoft specification [29],
snuffed out our hopes. It turned out that OTF math and TEX math cannot be
reconciled. More information on the interrelationships between OTF and TEX
math can be found in Ulrik Vieth’s thorough analysis [24].

4.3. Repertoire issues

Our primary aim was to provide a repertoire of diacritical letters rich enough
to cover all European languages. We thoroughly exploited Michael Everson’s
comprehensive study of European alphabets [2], as well as other sources. Several
other languages using Latin-based alphabets, such as Vietnamese, Navajo and
Pali, are covered.

Initially, contrary to the Latin Modern name, we considered including Cyrillic
alphabets also. Having thought the matter over, we decided, with regret, to
abandon this idea and concentrated our efforts on OTF math fonts.

Besides diacritical characters, the Latin Modern fonts contain also a number
of glyphs traditionally present in TEX fonts, such as Greek symbols, currency
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tabular (“normal”)

0112134156/7/89

proportional

0111213/4/5/6/718!9
0111234567180
3/4/5/0/7/319]

proportional old style
symbols, technical symbols, etc. Detailed description of the contents of the
fonts can be found in the document entitled The Latin Modern Family of Fonts.
Technical Documentation, included in the LM distribution package [11].

Two groups of glyphs are widely used in typography but neglected to a certain
extent in the CM fonts, namely, caps and small caps and old style numerals, also
known as text figures or nautical digits; the latter name originates from their
widespread use in tables in nautical almanacs at one time. For reasons hard to
explain, the caps and small caps were implemented in the CM family as a separate
font, while the old style numerals (upright!) are in the math italic font (cmmix*).

The LM fonts incorporated caps and small caps from the CM family, together
with its width idiosyncrasy: the 1lmcsc10 font, like cmcsc10, has capital letters
wider than the 1mr10 font by circa 8%. There are two caps and small caps
fonts in the LM collection, namely, the regular and typewriter specimen, lmcsc10
and lmtcscl10, as in CM, plus their oblique variants, Imcsco10 and lmtcscol0,
absent from CM. In principle, small caps glyphs could be transferred to other
fonts, but we decided to not alter the framing of the original CM family, more so as
CM has no sans-serif caps and small caps; however, the problem of extending the
LM family with bold counterparts of lmcsc10 and 1lmtcsc10 (and their oblique
variants), raised repeatedly by CM/LM users, needs serious consideration.

Concerning old style numerals, we could not accept the CM oddity and
included them in all text fonts of the LM family. Further, all numerals come in
2 ‘flavors’: normal (fixed-width a.k.a. tabular) and proportional (variable-width,
having balanced sidebearings) which altogether yields 4 variants—see Figure 1.

The TFM format contains only 256 slots for glyphs, thus, the whole repertoire
of glyphs cannot be accessed at once if TEX is used in a “traditional” way, that

Figure 1
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is, with TFM files. In particular, accessing the different kinds of numerals when
using PostScript Type 1 fonts plus TFM metrics turns out to be clumsy; as a
result, only tabular old style numerals are available in our package, in the TS1
encoding (see below). On the one hand, OTF fonts seem more convenient as they
do not impose such a restriction; for example, all numerals can be accessed by
using the OTF feature mechanism, more precisely, by the features onum, lnum,
pnum, and tnum [33]. On the other hand, OTF metric data cannot, in general, be
fully compatible with TFM metric data because the glyph widths in OTF fonts
must be represented by integer quantities. This should be considered a drawback
by TEXies—see Section 4.4.

Following the IXTEX tradition, we provided several encodings for the LM fonts,
namely:

CS (CS TUG) encoding (cs—*.tfm),

EC (Cork) encoding (ec-*.tfm),

L7X (Lithuanian) encoding (17x-*.tfm),

QX (GUST) encoding (gqx-*.tfm),

RM (“regular math”, used in OT1 and OT4) encodings (rm-*.tfm),
Y&Y’s TEX'n’ANSI a.k.a. LY1 encoding (texnansi-*.tfm),

T5 (Vietnamese) encoding (t5-*.tfm),

Text Companion for EC fonts a.k.a. TS1 (ts1-*.tfm).

S OO0 0

The ITEX support for all these encodings, due to Marcin Woliniski, is also part
of the LM distribution.

TFM files nominally representing the same encoding do not always define
the same set of characters; for example, the character sets of cmr10.tfm and
cmtt10. tfm differ. The original CM fonts comprise 7 different character sets, with
an idiosyncratic difference between the cmr10 and cmrb layouts. As a remnant
of the CM design, there are 5 different character sets of the LM text fonts:

1. 821 glyphs (basic set): 1mb10 1mbo10 1mbx10 lmbx12 lmbx5 1lmbx6 lmbx7
1mbx8 1mbx9 1mbxil0 1mbx010 1mdunh10 1mdunol0 1mr10 1mrl2 Imrl7
Imr5 Imr6 1mr7 1mr8 1mr9 Imril0 Imril2 Imri7 1mri8 1mri9 lmrol0
Imrol2 Imrol7 1mro8 1mro9 1mss10 1lmss12 Imss17 1mss8 1mss9
Imssbol0 1mssbx10 1mssdcl0 Imssdol0 1mssol0 1lmssol2 1mssol7
Imsso8 1msso9 1mul0 Imvtk10 1mvtkol0 1mvt110 1mvtlol0 1mvtt10
ImvttolO

2. 824 glyphs: 1mssq8 lmssqbo8 lmssqbx8 lmssqo8
extra characters: varI varIJ varIogonek

3. 814 glyphs: 1mcsc10 lmcscol0
missing characters: f_k ff £ffi £f1 fi f1 longs

4. 785 glyphs: 1mtk10 1mtko10 1mt110 1mtlc10 1lmtlcol0 1lmtlol0 1mtt10
Imtt12 Imtt8 Imtt9 Imttil0 1Imttol0
missing characters: £_k ff £fi £f1 fi f1 Germandbls hyphen.prop IJ ij
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permyriad servicemark suppress trademark varcopyright
varregistered zero.oldstyle zero.prop one.oldstyle one.prop
two.oldstyle two.prop three.oldstyle three.prop four.oldstyle
four.prop five.oldstyle five.prop six.oldstyle six.prop
seven.oldstyle seven.prop eight.oldstyle eight.prop
nine.oldstyle nine.prop

5. 784 glyphs: lmtcsc10 lmtcsol0
missing characters: as in 4, also longs

4.4. Compatibility issues

We did our best to provide outline fonts that can be used as a replacement for
CM fonts. To a certain extent, we managed to achieve this goal, namely, the
PostScript drivers which process TEX documents typeset with CM metric files,
can use either CM or LM PostScript Type 1 fonts — special map files for PostScript
Type 1 fonts are available for this purpose. The metric files, however, cannot be
used replaceably, because the typesetting algorithms are intrinsically unstable —
even tiny (rounding) errors may yield glaringly different results.

Therefore, LM users also cannot expect PostScript Type 1 and OTF fonts
to be used replaceably. Recall that the OTF format requires integer number
representation for glyph widths. The “reference” quantity is the em unit: 1 em =
2048 units for fonts using splines of the 2 degree, 1 em = 1000 units for fonts
using splines of the 3' degree (e.g., our LM and TG fonts). Therefore, in our case,
the difference in width is on average 1/2000 em (twice as large as the variation
in the EC widths), that is, circa 0.005 pt for 10-point fonts.

Because the MetaType 1 sources of the LM fonts are the result of conversion
from PostScript Type 1, the widths stored in the LM TFM files are not identical
to the respective original CM widths. They are closer, however, to the original
quantities by an order of magnitude compared to the EC and OTF widths. At
the cost of great effort (by referring to the Metafont sources), we might have
eliminated rounding errors in LM widths. But it would not cure the problem
of (non-)replaceability, as widths are not the only source of trouble. Differences
in heights and depths of glyphs may also yield unexpected behavior of the TEX
typesetting algorithm.

The problem of heights and depths in TEX turns out to be unavoidable, and
quite serious: the TFM format permits by design only 16 different heights and
depths, including the obligatory entries containing the value zero. If there are in
fact more heights and depths in a given font, their number is cleverly reduced
to 16 by Metafont (as well as by the MetaPost and TFtoPL programs). One of
the certainly unwanted results is that the same glyph in different encodings may
have different heights and/or depths! For example, the height of the letter ‘A’ is
6.88875 pt in the rm-1mr10.tfm file (this layout is an extension to 256 slots of
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the cmr10 layout), it is 6.99648 pt in the t5-1mr10.tfm file (Vietnamese layout),
while in the canonical cmr10.tfm file it is 6.83331 pt.

This is not the end of the list of possible sources of incompatibility between
CM and LM fonts. Positioning of the accents is also a long story. These and
related aspects are explained minutely in [12].

Finally, let us consider a somewhat atypical example of incompatibility be-
tween the LM and CM fonts related to Donald E. Knuth’s mistake in a CM
ligtable program, uncorrectable for obvious reasons but basically harmless;
namely, roman.mf contains the following:

% three degrees of kerning
k#:=-.5u#; kk#:=-1.5u#; kkk#:=-2u#;

ligtable "k":
if serifs: "v": "a" kern -u#, fi
"w": "e" kern k#, "a" kern k#,

"o" kern k#, "c" kern k#;

The culprit is the if serifs clause: the kern pair ‘ka’ appears twice in the TFM
files of serif fonts with the values —u# and —0.5u#, respectively, as is easily seen
in the following fragment of the cmr10.pl file (the respective lines are marked
with arrows):

(CHARACTER C
(CHARWD R 0.527781)
(CHARHT R 0.694445)

o

(COMMENT
(KRN C a R -0.055555)«
(KRN C e R -0.027779)
(KRN C a R -.027779) «
(KRN C o R -0.027779)
(KRN C ¢ R -0.027779)
)

)

Moreover, there are no ‘va, ‘vc’, ‘ve’, and ‘vo’ kern pairs in sans-serif fonts,
although there are ‘kc’, ‘ka’, ‘ke’, ‘ko’, ‘wa’, ‘wc’, ‘we’, and ‘wo’ kern pairs in
these fonts. We could not see the reason for ignoring ‘v’ in this context, thus we
decided to add the relevant kern pairs in the LM fonts; we also added quite a few
other kern pairs missing, in our opinion, from the CM fonts, for example, ‘€V’
and ‘kV’.

Summing up, we believed that we had good reasons for giving up the struggle
for a “100-percent compatibility” between LM and CM metrics, whatever that
would mean, and to confine ourselves to providing the mentioned replaceability
of outlines.
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5. The TEX Gyre collection of fonts

Heartened by the results of the LM enterprise, we accepted without hesitation
the next proposal: the “LMization” of the family of fonts provided by Ghostscript
as a replacement for the renowned Adobe base 35 fonts, generously released by
the URW++ company under free software licenses.

ITC Avant Garde Gothic (book, book oblique, demi, demi oblique)
ITC Bookman (light, light italic, demi, demi italic)

Courier (regular, regular oblique, bold, bold oblique)

Helvetica (medium, medium oblique, bold, bold oblique)

Helvetica Condensed (medium, medium oblique, bold, bold oblique)
New Century Schoolbook (roman, roman italic, bold, bold italic)
Palatino (regular, regular italic, bold, bold italic)

Symbol

Times (regular, regular italic, bold, bold italic)

ITC Zapf Chancery (medium italic)

ITC Zapf Dingbats

[ IR IR I e R B R R R

Since our aim was “LMization”, we excluded the Symbol and ITC Zapf Ding-
bats non-text fonts from the scope of our interest.

After a brief (but heated) debate, the name of the project and of its constituent
fonts were coined. The project was dubbed TEX Gyre (TG) and the following
names were accepted (the respective file name kernels, original Adobe names and
Ghostscript, that is, URW, names are given in parentheses):

TG Adventor (qag /ITC Avant Garde Gothic / URW Gothic L)

TG Gyre Bonum (gbk / ITC Bookman / URW Bookman L)

TG Cursor (qcr / Courier / Nimbus Mono L)

TG Heros (qhv / Helvetica / Nimbus Sans L)

TG Heros Condensed (ghvc / Helvetica Condensed / Nimbus Sans L
Condensed)

TG Schola (qcs / New Century Schoolbook / Century Schoolbook L)
TG Pagella (gpl / Palatino / URW Palladio L)

TG Termes (qtm / Times / Nimbus Roman No9 L)

TG Chorus (qzc /ITC Zapf Chancery / URW Chancery L)

(R R

OO0

We initially considered including Cyrillic alphabets, but, as in the case of the
LM fonts, we eventually abandoned this idea, also with regret, the more so as
the Ghostscript fonts at that time contained an (apparently unfinished) set of
Cyrillic glyphs.
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Figure 2

We expected that the main effort would be the making of extra glyphs plus
maybe correcting outlines here and there. To our surprise, quite a few glyphs
required tuning because of evident errors in outlines. One of the most striking
examples is the glyph ‘eight’ from the URW Schoolbook bold font® — see Figure 2.

Mostly, we removed redundant or wrong nodes (points) from the outline
definitions, deleting more than 5% of them in all. In the case of TG Pagella,
however, the insertion of extra nodes turned out necessary. The chart in Figure 3
shows some statistics for the upright TG fonts. The diagram concerns the version
of the Ghostscript fonts which we used as our starting point. We used circa 350
glyphs from each font. The total number of nodes in these glyphs varied from
circa 10,000 to 25,000 per font. In the current release, the TG text fonts count
almost 1100 glyphs each with the number of nodes varying from circa 30,000 to
65,000 (for sans-serif and serif italic variants, respectively; see [14]).

5.1. Repertoire issues
The difference in the number of glyphs between the TG and LM text fonts (the
former having circa 250 glyphs more per font) is due mainly to the presence of
small caps in the TG fonts (225 glyphs per font). Also unlike the LM fonts, each
TG font contains the complete Greek alphabet and a few technical glyphs, such
as ‘lozenge’ and ‘Iscript’.6 Except for these, the LM and TG fonts share the same
repertoire of glyphs and the same set of TFM encodings (see Section 4.3).

The ITEX support for these encodings was also provided by Marcin Woliriski.

5Recently, the font has been renamed to ‘C059 bold’; the bug was removed from the Ghost-
script distribution only in 2015, although the TEX Collection 2016 distribution still contains
(due to the legacy reasons) the faulty glyph.

6For historical reasons, the LM fonts contain a few additional variants of the base, left, and
right double quotes, absent from the TG fonts.
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5.2. Compatibility issues

The consistency of the widths of the original Adobe and the respective TG
glyphs was one of our main concerns, as the TG fonts were meant as potential
replacements for the Adobe fonts. It turned out, however, that the original font
metric files [27], contained apparent metric flaws which we decided, with some
hesitation, not to retain.

A typical example (concerning Helvetica, a.k.a. Nimbus Sans L, a.k.a. TG He-
ros) is depicted in Figure 4. Both Spanish ¢;’ and Scandinavian ‘@’ glyphs belong
to the Adobe Standard Encoding set, hence one can expect that they should be
considered important and thus unchangeable. Nevertheless, we could not see a
reason for using widths different from the ‘!” and ‘o’ widths, respectively, and
certainly there is no substantiation for the asymmetry of sidebearings, especially
in the case of ‘g’; therefore, we decided to alter the metrics.

Fortunately, there are few such cases in the TG collection; each is mentioned
in the documentation of the TG fonts [14].

Because the original widths for the TG fonts, unlike in the LM collection, were
integer numbers, there is no metric discrepancy between the PostScript Type 1
and OTF font formats, as far as widths are concerned. Heights and depths,
however, are subject to the same restrictions as discussed in Section 4.4.
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Figure 4

6. OTF math fonts

The chronic problem of lack of math support for the TG collection became the
impetus for our third venture: math fonts for the LM and TG collections in the
OTF format. The recent update of the LM and TG fonts took place at the end
of 2009. The math extension for the OTF format ([29]) had been released and
there existed the FontForge font editor ([25]) capable of generating such fonts.
So we embarked upon an expedition into unknown regions —since then we have
focused our attention on the work on OTF math fonts, again with the benevolent
encouragement and support from the TEX users groups.

As we should have expected, the task turned out interesting and absorbing,
and, according to Hofstadter’s Law,” we spent more time on it than we expected.
From the very beginning, we aimed at making a collection of mutually consistent
math OTF fonts and we underestimated the heterogeneity of the sources of
additional alphabets and the problem of interrelationships — works on subsequent
fonts entailed moving backwards to the fonts which we had prematurely considered

"Hofstadter’s Law: It always takes longer than you expect, even when you take into account
Hofstadter’s Law—Douglas R. Hofstadter.
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ready. Nevertheless, in 2011, we happily announced the release of our first math
OTF font, namely, Latin Modern Math. Altogether, six math fonts have been
released by the GUST e-foundry so far [9, 10]:

o TG Latin Modern Math
TG Bonum Math
TG Schola Math
TG Pagella Math
TG Termes Math

o TG DejaVu Math
This amounts to nearly half of all OTF math fonts released in the world. Besides
these, the following OTF math fonts have been released: Asana by Apostolos Sy-
ropoulos, Neo-Euler and XITS by Khaled Hosny, STIX by the STI Pub companies,®
Cambria Math by Microsoft,” Lucida Math by Bigelow & Holmes, and Minion
Math by Johannes Kiister; the latter three fonts are distributed commercially.

S OO0

6.1. OTF math font contents

Math OTF fonts, as we expounded in [10], are truly nasty beasts. In accordance
with [35] and [37], they are expected to contain a plethora of glyphs: letters,
arrows, math operators and delimiters, geometrical shapes, technical symbols,
etc. The presence of some of them, particularly the (over)abundance of peculiar
geometrical shapes and arrows, is hard to substantiate in our opinion.

Initially, we planned also releasing the math companion to the TEX Gyre
sans-serif fonts, TG Adventor and TG Heros, but the Unicode specification for the
contents of math fonts, [37], turned out definitely “serif-oriented”. Let us take,
for example, the arrangement of the LM Math font shown in Table 1: following
the cited specification, we combined several LM source fonts into a single complex
font. As the table clearly shows, the basic subsets, that is, plain, bold, italic and
bold italic are assumed to consist of serif glyphs by default. It is not obvious how
the table should be adjusted to suit sans-serif math fonts. Work on this issue is
in progress.

The original CM fonts, and thus the LM fonts, do not contain the complete
sans-serif Greek. We generated the missing glyphs using modified Metafont
sources in order to generate outlines instead of bitmaps and tuning the result
manually, if required.

8The STIX project began through the joint efforts of American Mathematical Society (AMS),
American Institute of Physics Publishing (AIP), American Physical Society (APS), American
Chemical Society (ACS), Institute of Electrical and Electronic Engineers (IEEE), and Elsevier
Science; these companies are collectively known as the STI Pub companies.

9Cambria Math was the first math font published, conforming to the specification MATH —
The mathematical typesetting table [29]. It was released by Microsoft in 2007, along with a
MS Office version equipped with the capability of handling the math font and editing math
formulas.
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category charset source fonts
plain (upright, serif) L* G,D lmr, Immi (upright)
bold L,G,D 1mbx, lmmib (upright)
italic L, G 1mmi
bold italic L, G 1mmib
sans-serif L,D 1lmss
sans-serif bold L,G,D 1mssbx
sans-serif italic L lmsso
sans-serif bold italic L,G 1lmssbo
calligraphic L eusn (slanted)
bold calligraphic L eusb (slanted)
Fraktur L eufm
bold Fraktur L eufb
double-struck L,D bbold (by Alan Jeffrey)
monospace L, D Imtt

L, G, D— Latin, Greek and digits, respectively

L* — contains also diacritical letters and punctuation
All the alphanumeric glyphs specified in the table,
except for the “plain” ones (first row), are given
special mathematical Unicode slots — see [37]

Table 1

Moreover, a math font is bound to contain many other characters, most notably
glyphs used for subscripts of the 15* and 2™9 order, used also for superscripts;
we’ll refer to them shortly pars pro toto as subscripts. They are accessed by the
OTF feature mechanism, more precisely by the math extension feature ssty [33].

Extensible symbols, like large brackets or radicals, are another important
group of math-oriented glyphs. An extensible symbol consists of a collection of a
few components (the left part of Figure 5) assembled by the typesetting engine
into a seemingly single character (the right part of Figure 5).

First, a glyph of adequate size is searched for in the so-called chain of glyph
variants (here: the three leftmost curly braces). If a proper glyph is not found, the
typesetting engine assembles a respectively large symbol from the relevant pieces
using a fairly complex algorithm — everybody who has attempted unsuccessfully
to fit braces around a formula according to one’s desire probably knows it.

In the case of the radical symbol, the situation is still more complex, because
the OTF and TEX geometric structure, as well as the relevant metric data of
the components differ, as is shown in Figure 6 which visualises “stages” of the
assembling of an extensible radical symbol.

In both cases, the radical symbol is assembled from glyphs taken from a
relevant font and a line (rule) drawn by the typesetting program at the top of
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the symbol (marked with a gray color). The thickness of the rule, however, is
given explicitly as a parameter in math OTF files, while it is inferred from the
height of the top element of the radical symbol in TEX (recall the problem of the
limited number of heights in a TEX metric file).

There is an important difference between the TEX and OTF math font specifi-
cation concerning extensible glyphs: TEX is equipped with the ability to assemble
compound glyphs from pieces only vertically, while the OTF format offers both
horizontal and vertical assembling. In TEX (i.e., in the plain TEX format), such
glyphs as horizontal braces are defined by special macros using rules and a few
glyphs from a relevant font:

\def\downbracefill
{$\m@th \setbox\z@\hbox{$\braceld$}’,
\braceld\leaders\vrule height\ht\z@
depth\z@\hfill\braceru
\bracelu\leaders\vrule height\ht\z@
depth\z@\hfill\bracerd$}
\def\upbracefill [...]

Figure 6
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Incidentally, it seems that diagonal extensible glyphs have not yet been invented.
Could it be that the conundrum is too difficult to solve?

More on the differences between the TEX and OTF specifications of the
structure of math fonts can be found in Ulrik Vieth’s survey [24].

In the case of LM Math, we were fortunate to have well-known clean sources
for a base, already containing 7-point and 5-point variants, suitable for typesetting
subscripts, and components for assembling extensible glyphs.

We have to confess, however, that we were not especially delighted with the
Computer Modern calligraphic script. More pleasingly designed, to our eyes, are
the calligraphic letters of the renowned Euler family. Therefore, we decided to
transfer the glyphs from the Euler fonts (slanting them slightly) to the LM Math

font:
ABCPQTABCPQT Computer Modern
AB GTQTABGTQT Euler
AB@?QTAB@.TQT Latin Modern Math

In the case of the TG math fonts, the situation was slightly worse. The basic
sources, that is, the text fonts, were already improved by us, but the sources of
the relevant additional character sets were highly heterogeneous. We used freely
available fonts of the best possible quality as our base; nevertheless, much manual
tuning was necessary (recall the tuning of the sources of the TG text fonts).

Moreover, not all suitable fonts had acceptable free licenses. In a few cases,
we had to contact the authors personally. It should be emphasized that in all
cases the authors, if we managed to reach them, courteously agreed to make their
fonts available for our purposes. The following external fonts were used in the
TG math fonts project (in alphabetical order):

o Lato by Lukasz Dziedzic (TG Schola Math)

o Kerkis by Apostolos Syropoulos and Antonis Tsolomitis (TG Bonum Math)

o Leipziger Fraktur replica by Peter Wiegel (TG Bonum Math and
TG Termes Math)

Math Pazo by Diego Puga (TG Pagella Math)
Odstemplik by Grzegorz Luk (gluk) (TG Pagella Math)
¢ Theano Modern by Alexey Kryukov (TG Schola Math)

We are most grateful to all the authors for their prominent aid.

S O

6.2. Visual issues

Observe that the same monospaced alphanumeric characters (excerpted from TG
Cursor) are shared by TG Bonum Math, TG Schola Math, and TG Termes Math.
In such cases one must be carefully check whether the size of the glyphs being
included fits the size of the basic set of glyphs. Nominally, all fonts (both in the
PostScript Type 1 and OTF formats) have the same design size, 10 typographic
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points (recall that 1 point = 1/72 inch; cf. Section 4.4). Working on the TG
math fonts, we had to adjust the size of the subsets a few times. For example, we
enlarged the borrowed monospaced glyphs to circa 112.5% in TG Schola Math;
otherwise the monospaced alphabet looked too small in combination with Schola’s
brawny glyphs.

The visual harmonizing of the supplementary alphabets with the main font
face concerns not only alphanumeric glyphs. Even essentially geometrical shapes
should also reflect the characteristic features of the main font, for example, the
thickness of stems, the ending of arms, etc. Seemingly trivial glyphs, such as
arrows, serve as a convenient example: they have slightly different shapes in each
of our math fonts —see Figure 7.

Another example is the shape of integrals. Historically, the integral symbol
originates from the letter ‘long s’'® which is nowadays identical with a barless ‘f’
Therefore, we did our best to preserve some characteristic features of the letter
‘t” in the design of the integral shape —see Figure 8.

10The cursive long ‘s’ for denoting an integral operation, i.e., infinite summation, was intro-
duced by Gottfried Wilhelm Leibniz in 1675 in an unpublished paper Analyseos tetragonistice
pars secunda (Second part of analytical quadrature).

26



We are not going to dwell on the visual aspects of the math font design, as
the number of details relevant for a font with over 4000 glyphs (and counting)
would perhaps become rather overwhelming. Notwithstanding, one aspect needs
emphasizing, namely, the problem of sidebearings and kerning for alphanumeric
symbols.

It is generally accepted by typographers that math symbols should have larger
sidebearings than the respective text glyphs. In particular, TEX math italic
glyphs are a little bit broader and have larger sidebearings than the text italic
glyphs. It is not obvious, however, how large such sidebearings should be. We
have already experimented with a few sizes but further tuning will probably be
necessary. Of course, the broadening of sidebearings should not be applied to
the basic font, that is, regular upright, because of multiletter names of functions
and operators, such as ‘sin’ or ‘max’, which are traditionally typeset with regular
upright letters.

As regards the problem of kerning, we decided not to include kerns in math
fonts, although providing kerns for the upright regular alphabet might be reason-
able. Actually, we consider introducing special math kerning (so-called “staircase”
kerns a.k.a. “cut-ins”; see Section 7). Thankfully, nobody has complained yet
because of the lack of kerning in our math OTF fonts.

6.3. Repertoire issues

At present, a common standard for the repertoire of characters that should be
present in an OTF math font does not exist. After several debates (mostly during
TEX conferences) and many experiments, we came up with the tentative repertoire
scheme presented in Table 2, which can be considered a detailed specification of
Table 1.

We would like all TG math fonts (Bonum, DejaVu, Pagella, Schola, and
Termes) to share this pattern. For LM Math, however, we adopted another
scheme because of legacy concerns. Currently, LM Math contains circa 4800
glyphs while the remaining fonts contain circa 4250 glyphs each. LM Math
contains more subscripts, as the original sources already provided them. On the
other hand, the TG math fonts contain more size variants of integral symbols.
This yields circa 550 glyphs more (net) in LM Math. At the moment, TEX Gyre
DejaVu Math contains (in accordance with Table 2) subscript variants for bold
upright glyphs, while the remaining TG math fonts need to be complemented with
these glyphs. It is a typical instance of the frequently occurring “backtracking”
procedures: the final decision was undertaken only after a few fonts had been
released.
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B — basic letters, A — accented letters, G — Greek letters,

D — digits, O — other symbols, P — punctuation

B A G D (0] P
plain (upright, serif) +s +s +d + + +s
italic +s +s
bold +s +3 +s
bold italic +s +s
sans-serif ar ar
sans-serif italic T
sans-serif bold 4 aF A
sans-serif bold italic T aF
calligraphic +
bold calligraphic +
Fraktur I
bold Fraktur +
double-struck + A
monospace aF +

Table 2

Concerning subscripts, it should be emphasized that subscript glyphs for the
TG math fonts are obtained using the approach applied in the Metafont sources
of the Euler family of fonts, that is, by non-uniform rescaling of the respective
normal-size glyphs. In a way, such “optical scaling” can be considered undesirable;
nevertheless, it proved acceptable for the Euler fonts, thus we decided to apply it

d —digamma excluded from relevant Unicode blocks
s— subscripts are to be added

also to the TG math fonts.

Some rather quirky characters which received Unicode slots are spaces. Uni-

code [35] defines quite a few space-related glyphs:

0008
*0020
*00A0
*2002
*2003

1361

1680
*2004
*2005
*2006
*2007
*2008
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BACKSPACE (<control>)
SPACE

NO-BREAK SPACE

EN SPACE

EM SPACE

ETHIOPIC WORDSPACE
OGHAM SPACE MARK
THREE-PER-EM SPACE
FOUR-PER-EM SPACE
SIX-PER-EM SPACE
FIGURE SPACE
PUNCTUATION SPACE




*2009 THIN SPACE

*200A HAIR SPACE

*200B ZERO WIDTH SPACE

*202F NARROW NO-BREAK SPACE

*206F MEDIUM MATHEMATICAL SPACE

2408 SYMBOL FOR BACKSPACE

2420 SYMBOL FOR SPACE

3000 IDEOGRAPHIC SPACE

303F IDEOGRAPHIC HALF FILL SPACE

*FEFF ZERO WIDTH NO-BREAK SPACE

1DA7F SIGNWRITING LOCATION-WALLPLANE SPACE
1DA80 SIGNWRITING LOCATION-FLOORPLANE SPACE
E0020 TAG SPACE

We decided to include a subset of the Unicode-defined spaces (marked with
asterisks in the above list), even though their meaning and usage seems vague.
The problem of spaces touches a general problem of the relation between the
Unicode standard and typography. We discuss this topic in more detail in the
next section.

The next two pages show the representative subset (for LM Math and TG
Termes Math) of the repertoire we adopted as the GUST e-foundry “private
standard”; gray squares denote zero-width characters. As one can see, the
repertoires are very similar. One can assume that the difference in the repertoire
will be imperceptible in practical applications.

6.4. Unicode: the typographer’s friend or enemy?

An important subject, closely related to the contents and repertoire issues, is
briefly mentioned in Sections 4.2, 6.1, and 6.3: the problem of the character set
defined by the Unicode standard [35], and specified for math fonts in Unicode
Technical Report #25 [37].

The Unicode Consortium claims that “the Unicode standard follows a set
of fundamental principles” and gives, among others, the following “principle”:
characters, not glyphs and semantics. We are not able to reconcile these principles
with the cases discussed in this section.

It should be emphasized that not all glyphs used extensively in typography, in
particular, in or out of math formulas, are assigned Unicode numbers. Examples
of such glyphs are small caps and old style numerals. Nothing in these two classes
of glyphs has received Unicode numbers, although there are codes for much more
narrowly used double struck characters or monospaced and sans-serif digits.

Another example of “unicodeless” glyphs are the pieces used for assembling
extensible characters (cf. Section 6.1, Figures 5 and 6).
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Glyph repertoire of Latin Modern Math

AsCll: 1" #3%&'()*+,-./0123456789:;<=>7Q@QABCDEFGHIJKLMNOPQR
STUVWXYZ[\]A_‘abcdefghijklmnopqrstuvwxyzﬂ}

Latin-1: m£n¥§"©wﬁ®*j;pﬂ MAAAAAAEQEEEEHHBNOOOOOX

Latin-1 Supplement: AaAaAQCcCchDEeEeEQEeGgGgIlIlllllUuKkLlLlLlLanNnNn
Ny0c06EeRIRIRE SsS§SsT§TtUuUuUuUquYZzZzszOdUuSsTtJ “““““ L
Combining Diacritical Marks: © @S Emmsafoafoirrnoournooy Wmm

Greek: ABI‘AEZH@IKAMN”OHPETT@X\I’QOLBW65 (nOLeAprvEorpcoTvpxb
wﬁd)w%g@e

AAAAAAAAAAAAAAAAAAAAAAAAAAA

General Punctuation: —— H _ o L9 Tt e %o %o NN / VA
Currency Symbols: € €
Combining Diacritical Marks for Symbols: = LR CK> A mfefenmn®

Letterlike Symbols: C"CE"F}[ﬁ[HhhJJL'(NN”@p[PQW%[RRS“T”ZQUBKABCQS?W[ND
YTugl NEDded

Arows: T = L IN SN\ AT HIB TSP uardb3Idrhn~»ygo—
M=l sENSsteer et e\ A\ esvvet= 413
Mathematical Operators: VCE)HE@AVE¢69§§BIHHZ—-T-4—/\*OO\/ocooL44<IHHH/\\/ﬁ

VSIS FHFEGovnsmmvrmmnmmn g g amoxonsssie
=2oa el o >SS S AAFLESRARS LR SERE
%}CD¢$CD@@CDUUUEjEjﬂu@@@@@@@@@EE&DF4TLW#WW¢¥
Jt}’Hrﬁ<1|><l>o—-o—o—o—'—T\//\\/bA/\\/ﬂU<> FHEMKARNKLY AEDIMUH <> 3> S
%#lﬂgwﬁiisﬂ%ﬂ%
MlscellaneousTechmcal.QTTH /j ~— >(| K\ I)[ H J (4 LI }

)Y“Ld“w\"" -

Box Drawing, Block Elements: 7\ rq Wby 4o B

Geometric Shapes: M- mo AAPD YT <00 @00

Miscellaneous Symbols, Dingbats: # Q<> e (O @ 4 &b d b i faojov W | =

Miscellaneous Mathematical Symbols-A: L | T dFd-o——— o<+« [] () () ()
Supplemental Arrows-A, B: @ ¢— — = = = <= = H e v A B
Supplemental Mathematical Operators: O @ @ WU X [[ff  x <> 52 <> 5%
Miscellaneous Symbols and Arrows: <> «=§ § « $ g e

CJK Symbols and Punctuation: [[ )] Alphabetic Presentation Forms: fF fi fl ffi ff1

Mathematical Alphanumeric Symbols: ABCDEFGHIJKLMNOPQRSTUVWXYZabcdefg
hijklmnopqrstuvwxyzABCDEFGHIJKLMNOPQRSTUVWXYZabcde fgijkl
mnopqrstuvwryzABCDEFGHIJKLMNOPQRSTUVWXYZabcde fghijk
ImnopqgrstuvwaeyzACDGIIKNOPILSTUVWIXYZABCDEFGHIFJIK LM
NOPQRSTUVWIXYZABDEFHIRALMNOPACSTULWXYabedefghijtlmnop
qustuowrn; ABDEFGIJKLMOSTUVWXYabedefghijklmnopgrstuvwzxyz2AB ED E
FOEHITIIJARALMNOPORSTUVWXY 3abecdefghijtimnopqrstuvwry; ABC
DEFGHIJKLMNOPQRSTUVWXYZabcdefghijkimnopqrstuvwxyzABCDEFGHIJ
KLMNOPQRSTUVWXYZabcdefghijklmnopqrstuvwxyzABCDEFGHIJKLMN
OPQRSTUVWXYZabcdefghijklmnopqrstuvwxyzABCDEFGHIJKLMNOPQRST
UVWXYZabcdefghijklmnopqrstuvwxyzABCDEFGHIJKLMNOPQRSTUVWXYZabcd
efghijklmnopqrstuvwxyz:J)ABTAEZHOIKAMNEOIIPOYXTY X POV
BNdelmOLrAprEompsoTveXVwdednbew ABIAEZHOIKAMNEOIIPEXT
YOXUNRVafydel(ndiripuvéonpsotvoxypwdednpow ABIAEZHOIKAMNEZEO
ITPOYTY® XUV apydelnOitripvéonpsoTvpoxpwdednpowABIAEZHO
IKAMNZONPOEITTOXWVQVapyde{nbeApvionpsoTvexPwdedudow
ABITrAEZHOIKAMNZOMNPOETTOXVRVapydelnbeeipvionpsoTvex
PwieIndppw01234567890123456780012345678901234567890123456789

VIA
AIV
A
\Y
A
Y



Glyph repertoire of TEX Gyre Termes Math

ASCI: 1"#$% &' ()*+,-./0123456789:;<=>?2?@ ABCDEFGHIJKLMNOPQRSTU
VWXYZ[\]"_"abcdefghijklmnopqrstuvwxyz{|}~

Latin-1: [¢£R¥!§ ©*«-® °+ pny-,°>; AAAAAAZECEEEEIIIIDPNOOOOOXx@UU
UYI)Béééﬁéaeegeeeeuuéﬁbéé()ﬁ Q)uuuuypy

Latin-1 Supplement: AaAaAqCcCch’DdEeEeEQEeGgGgll111111IJlekLlLlLl’LlNﬁNp
an]OoOo(EoeRrRrRrSsS§SsI;TtUuUuUuUquYZzZzszdeUu’SsTtJ”“' 7
Combining Diacritical Marks: =@ @2 f i fa ooy oonnn

Greekk ABTAEZHOIKAMNE OHPZTT‘PX\IlQaByéagnelkkpvéorrpgoTU

q)xwwﬁcbm%gGe

(@Y

Z<

e s T e .

,"ﬁUaUﬁUﬁUaUuYyYyYyYy

General Punctuation: e — L e Go0%o00” NN N G Y A G
Currency Symbols: CENWA€P G

Combining Diacritical Marks for Symbols: = & i 5 75 2 0 Q}:)”A\ Il 1111

Letterlike Symbols: C°CE°F g 96 SHhh T I $€NN0®KJ]P’Q%CRRRSMTMZQUBKA%Q'P@%
FMoRIX Ty TIlY Ddeij

Atows: « T ol O IR AN e B el 2| < adlp e PP e qPdLb I d Y00« « M1

—=ll2NSENIUS2¢ssctslolnivvEDewnwelT=]1T003

Mathematical Operators: VC@HE(DAVeséeaséslH]_[Z F+/\#oeJoxool £ L« ||H/\\/muf

ﬂ‘fﬂ‘gﬂ#g#fg?¢ Ht A~ OAlA TS EEEEAEEA SO SSESimnn2say Xl
L SFI<rErsr«»li4PEES2E2S252<> <P FCOEICDEPC20UY

E:lE:I|‘||_|EBe®(Z)(D@@@@EﬂEHZIEl)——|TJ_|—I:I:I}—|||—||:V#Mﬁﬂé<l><1l>oew—0-:-T¥KVb,A

AVNU-e *XMxxxA_YACDHU#<><<<>>>§>Z$ >%#%f‘:3<252 PARE
M|scella|neousTechnlcal.®AAH[J.—'—“LJ[‘.Jf\v((< }[| Ifr (W JITL”H

|
Box Drawing, Block Elements: — | 1 4 |4 +++ I B
Geometric Shapes: BO s o= = AAPD ¥ 4<00 @O
Miscellaneous Symbols, Dingbats: @ O < & © @ 4 & M b i faojov HH =
Miscellaneous Mathematical Symbols-A: L | T ko — oo <[] () (N ()
Supplemental Arrows-A,B: @ «— — > &= = S o EHE w S =
Supplemental Mathematical Operators: O@@UUHHXﬂff}ﬁXU< S2s2s532
Miscellaneous Symbols and Arrows: ¢ =1 | & $ i <— o
CJK Symbols and Punctuation: [ ) Alphabetic Presentatlon Forms: fffifl ffi i
Mathematical Alphanumeric Symbols: ABCDEFGHIJKLMNOPQRSTUVWXYZabcdefghijklm
nopqrstuvwxyzABCDEFGHIJKLMNOPQRSTUVWXYZabcdefgijklmnopgrstuvwxy
ZABCDEFGHIJKLMNOPQRSTUVWXYZabcdefghijklmnopqrstuvwxyz A€ 2GS F
KNOPQFPTUYVWXEYZabed fhijhtmnpgrituvwrys oBCDEFEG
WIFFHLAMNOPQRFPT UV W XY Labedef ghijhlmnopgrst
wowxryzABDETEIREMROPOSIUBWEYabedefghijtimnopqrstuvmwxy; AB
DEFGIJKLMOSTUVWXYabcdefghijklmnopqrstuvwxyzd3¢€CDE
FEHIFREMROPORGCIUBWEY3abcedefghijfimnopgqrstuomwxy; ABCDEFGH
IJKLMNOPQRSTUVWXYZabcdefghijkimnopqrstuvwxyzABCDEFGHIJKLMNOPQ
RSTUVWXYZabcdefghijklmnopqrstuvwxyzABCDEFGHIJKLMNOPQRSTUVWX
YZabcdefghijkimnopqrstuvwxyzABCDEFGHIJKLMNOPQRSTUVWXYZabcdefghi
jkImnopqrstuvwxyzABCDEFGHIJKLMNOPQRSTUVWXYZabcdefghijklmnop
grstuvwxyziJABTAEZHOIKAMNZEZONPOXTY XY QVaBydelnOdrxi
RviéompcoTveyyYywdeb2PppwABI' AEZHOIKAMNEOINPOEXTYdPXY¥ QV
afydelnbrixipuvéiéompsotvp yywiecdxpow ABI'AEZHOIKAMNZOI P
OXTYPXVY 2VaPBydelinbrkipuviompsotve yyodectxpgo ABTrAEZH
OIKAMNZONPOZTYPXWVWQVaAPBYSETNOLKAPVEOTIPGOTUPXYWIEIHOPEDA
BrAEZHOIKAMNZONPOETYPXYQVapPyselnbtkApuvEonmpgotuex
YywdedHppo01234567890123456789012345678901234567890123456789
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It is not so bad if whole blocks of characters are included or excluded. The
worse situation is an inconsistency of including only some glyphs. The above-
mentioned double struck glyphs are a good example of such a situation. Here
is the group of double struck glyphs assigned Unicode slots, without apparent
rhyme or reason:

2102 DOUBLE-STRUCK CAPITAL
210D DOUBLE-STRUCK CAPITAL
2115 DOUBLE-STRUCK CAPITAL
2119 DOUBLE-STRUCK CAPITAL
211A DOUBLE-STRUCK CAPITAL
211D DOUBLE-STRUCK CAPITAL
2124 DOUBLE-STRUCK CAPITAL
213C DOUBLE-STRUCK SMALL PI
213D DOUBLE-STRUCK SMALL GAMMA

213E DOUBLE-STRUCK CAPITAL GAMMA
213F DOUBLE-STRUCK CAPITAL PI

2140 DOUBLE-STRUCK N-ARY SUMMATION
2145 DOUBLE-STRUCK ITALIC CAPITAL D
2146 DOUBLE-STRUCK ITALIC SMALL D
2147 DOUBLE-STRUCK ITALIC SMALL E
2148 DOUBLE-STRUCK ITALIC SMALL I
2149 DOUBLE-STRUCK ITALIC SMALL J

N O '"w=m-mQ

The remaining letters of the alphabet (upper and lower case) and digits received
mathematical codes (1D538 —1D56B), with gaps at the glyphs above.

Another notable example are sub- and superscripts, theoretically not needed
in math fonts, because the sub- and superscript characters (“unicodeless”) are
accessed there by the OTF feature mechanism (the ssty feature, cf. Section 6.1).
In practice, for legacy reasons, sub- and superscript glyphs are expected to be
present in a text font, and, consequently, in the basic (plain) charset of a math
font too—see Table 1. The Unicode standard [35] enumerates the following Latin
letters in this context:

1D62 LATIN SUBSCRIPT SMALL LETTER
1D63 LATIN SUBSCRIPT SMALL LETTER
1D64 LATIN SUBSCRIPT SMALL LETTER
1D65 LATIN SUBSCRIPT SMALL LETTER
2090 LATIN SUBSCRIPT SMALL LETTER
2091 LATIN SUBSCRIPT SMALL LETTER
2092 LATIN SUBSCRIPT SMALL LETTER
2093 LATIN SUBSCRIPT SMALL LETTER
2094 LATIN SUBSCRIPT SMALL LETTER SCHWA
2095 LATIN SUBSCRIPT SMALL LETTER H

omeE <o oEH
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2096 LATIN SUBSCRIPT SMALL LETTER
2097 LATIN SUBSCRIPT SMALL LETTER
2098 LATIN SUBSCRIPT SMALL LETTER
2099 LATIN SUBSCRIPT SMALL LETTER
209A LATIN SUBSCRIPT SMALL LETTER
209B LATIN SUBSCRIPT SMALL LETTER
209C LATIN SUBSCRIPT SMALL LETTER
2C7C LATIN SUBSCRIPT SMALL LETTER J

2071 SUPERSCRIPT LATIN SMALL LETTER I
207F SUPERSCRIPT LATIN SMALL LETTER N

Hn= =2 X

Besides the somewhat surprising presence of the ‘schwa’ character and the
striking asymmetry between the number of sub- and superscripts, most ques-
tionable here is the incompleteness of the Latin alphabet. So far, we have not
included these glyphs in neither text nor math fonts.

Another example concerns math italic symbols. The Unicode standard reads:

1D44E MATHEMATICAL ITALIC SMALL
1D44F MATHEMATICAL ITALIC SMALL
1D450 MATHEMATICAL ITALIC SMALL
1D451 MATHEMATICAL ITALIC SMALL
1D452 MATHEMATICAL ITALIC SMALL
1D453 MATHEMATICAL ITALIC SMALL
1D454 MATHEMATICAL ITALIC SMALL

1D456 MATHEMATICAL ITALIC SMALL
1D457 MATHEMATICAL ITALIC SMALL
1D458 MATHEMATICAL ITALIC SMALL
1D459 MATHEMATICAL ITALIC SMALL
1D45A MATHEMATICAL ITALIC SMALL
1D45B MATHEMATICAL ITALIC SMALL
1D45C MATHEMATICAL ITALIC SMALL
1D45D MATHEMATICAL ITALIC SMALL
1D45E MATHEMATICAL ITALIC SMALL
1D45F MATHEMATICAL ITALIC SMALL
1D460 MATHEMATICAL ITALIC SMALL
1D461 MATHEMATICAL ITALIC SMALL
1D462 MATHEMATICAL ITALIC SMALL
1D463 MATHEMATICAL ITALIC SMALL
1D464 MATHEMATICAL ITALIC SMALL
1D465 MATHEMATICAL ITALIC SMALL
1D466 MATHEMATICAL ITALIC SMALL
1D467 MATHEMATICAL ITALIC SMALL

=

=7

N~<MNMsS<ccHWToOoOU"vOoO=Z2=CNuH QMmoo aaw
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Math italic ‘h’ is apparently missing. In fact, the Unicode Consortium decided
to leave the slot 1D455 unused forever and “inflate” the meaning of the slot
formerly assigned to the Planck constant:
210E PLANCK CONSTANT

= height, specific enthalpy,

* simply a mathematical italic h;
this character’s name results
from legacy usage

More on Unicode’s ambiguities, inconsistencies, riddles, curiosities, etc. con-
cerning typography applications, especially math typesetting, can be found in
Piotr Strzelczyk’s ruminations [23].

From the typographer’s point of view, the enumeration of all signs used in
the world does not seem to be a good idea. Therefore, it should be no surprise
that it turned out to be impossible to create a math OTF font that has an
internally logical and coherent structure and, at the same time, is practically
useful. Conforming rigorously to the mentioned specifications does not help too
much — it would lead, in our opinion, to fonts containing mostly seldom used
glyphs. Needless to say, research examining which characters from the Unicode
repertoire are actually used in practice, would be welcome. Lacking such empirical
data, we adopted Cambria Math as our “reference point”. Cambria Math contains
circa 6500 glyphs; we decided to reduce this number to at most 4500 for the TEX
Gyre series of math fonts. We can reluctantly consider proposals for suitable
extensions, if truly needed.

6.5. Compatibility issues

We already explained why 100-percent compatibility of the LM text fonts with
the parent Computer Modern fonts is unfeasible; thereby, the same applies, even
to a greater extent, to the LM Math font (cf. the case of horizontal extensible
braces in Section 6.1).

Recall that we used an alternative calligraphic alphabet in LM Math (Sec-
tion 6.1). This incompatibility can be relatively easily patched, by including two
calligraphic scripts in the font and using OTF ‘stylistic sets’ features, implemented
as the OTF features ss01—ss20 (see [33]).

There is, however, a flaw shared by both Computer Modern and Euler cal-
ligraphic alphabets and thus inherited by the Latin Modern Math: the lack of
a corresponding lower case alphabet. The Unicode specification assigns slots to
lower case mathematical calligraphic letters, implying that they are expected to
be present in math fonts.

We could not find a calligraphic font with a proper license optically matching
Euler or Computer Modern upper case calligraphic letters, and we gave up in
advance the idea of designing the respective matching lower case letters ourselves.
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abede fghijllmnopgrstuvwryz
ABCOEFCHIJKCMNCPRRSTUVWXYLZ
abedefghigjhklmnopqgrstuvwzryz
ABCODEFCHIJKCMNOCPARSTUVWXYCL
abedefghigjlklmnopgretuvwryz
ABCOEFCHIJKCMNOPGRST UTWXYZ
abedefghiglelmnopgrstuvwrzyz
ABCOEFCHIJKCMNOPARST UVWXYL

Figure 9

Instead, we began to consider the inclusion of yet another stylistic set, a “home-
made” calligraphic font inspired by (but not based on) the original Computer
Modern calligraphic script. Although we would never dare to make a text
calligraphic font without close cooperation by a professional type designer, we
took a chance and attempted to prepare a symbol calligraphic font for TG DejaVu
Math.

There was an additional reason for doing our own calligraphic script. An-
ticipating future work (see Section 7 below), we looked for a calligraphic script
matching a sans-serif font. Having not found any, we decided to prepare our own.
Because our calligraphic alphabet for TG DejaVu Math was, of course, defined by
a parametric MetaType 1 program, it was possible to prepare a sans-serif (linear)
variant of the calligraphic script with reasonable effort. A tentative, experimental
linear calligraphic alphabet is shown in Figure 9: the calligraphic script used in
TG DejaVu Math (top) and its linear variant to be used in a sans-serif math font
(bottom).

Fortunately, there is no issue of compatibility regarding the TG math fonts,
as there are no predecessors. The only question is the similarity of repertoire
between the LM and TG math fonts. As explained in Section 6.3, the repertoires
are bound to differ slightly, for the usual legacy reasons.

For the same reasons, some technical details of the font structure also cannot
be implemented similarly. Worthy of mentioning in this context is a peculiar
difference between the LM and TG math fonts related to integrals; namely, the
TG math fonts contain extensible integrals, which are definable within the OTF
math format—but we are not aware of any typesetting engine that can take
advantage of this possibility.
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7. Plans for the future

7.1. Testing and maintenance

Tasks that are important today and will be forever important in the future are
maintenance and testing. There is, of course, neither a single tool for testing nor
a unique maintenance procedure. Each case demands a specific approach.

It is Piotr Pianowski who is responsible for testing fonts and preparing ade-
quate tools. Tests refer to both the appearance of the fonts and their internal
structure. In particular, the intermediate PostScript Type 1 code needs checking.
The following example shows a case where the inspection of the code revealed an
error in the parenright.ex procedure (describing an extender of the extensible
right parenthesis, which should be just a rectangle), probably due to the wrong
rounding procedure: the number ‘1’ means that the line drawn by the command
rlineto is not strictly vertical. The left column contains the correct code for
the corresponding component of the extensible left parenthesis:

/parenleft.ex { /parenright.ex {
143 609 hsbw 338 609 hsbw
127 418 rmoveto 128 418 rmoveto
-127 hlineto -128 hlineto
-418 vlineto 1 -418 rlineto
127 hlineto 126 hlineto
closepath closepath
endchar endchar
} ND } ND

It is next to impossible to perceive such a tiny deformity on a printout of glyph
shapes, which does not mean that the bug should not be fixed.

The next example, Figure 10, shows one of the tests we use for checking a
vexing problem regarding Greek letter names. Some Greek letters have a shape
variant, and there is an unfortunate discrepancy between TEXies and the rest of
the world (the rightmost two columns marked with asterisks) as to which glyphs
are considered “normal” and which “variant”.

Almost every time we deal with the Greek alphabet, a mistake in variant
names tries to creep in. Without tests of this kind we would be lost.

The last example concerning maintenance and testing issues, Figure 11, shows
a typical test of the structure of extensible characters, “embellished” horizontal
arrows in this case: ‘vh 2’ means that there are 2 size variants, ‘ch 3’ and ‘ch 5" —
that there are 3 and 5 horizontal components of a given glyph, respectively. Tests
of this kind are essential for maintaining uniformity across a font collection as
well as inside a single font.

As a result of remarks to date from the users of our fonts, we gathered a list of
recommended fixes and improvements —some trivial, like reports on malformed
glyphs or wrongly assigned Unicode slots, some fairly difficult, like suggestions to
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texgyredejavu-math.otf

normal var normal* var*

\mstd €Pp0O cppY cppb e€ppl
\mem €@PO edbpY edpb e€epp
\nit €@Pp0O cpY cppb e€ppI
\mbft €@PO ePppY ePppO eppP
\mbi €PPO Y PO epp¥
\mbfss EPPO €@PPI £@epO €dppd

E \mitss EQ PO P9 cppb e€ppl
2 \mbiss EP PO £QPI9 £opO €Ppp9
texgyredejavu-math.otf
—
un1219Avh2*ch5 é-./.._
uni21A9 vh 2 H ch 3 e—J
E’J uni21AB vh 2 H ch 3 € -P

implement anchors or math staircase kerns.

The latter two potential improvements are still pending, mainly because
of vague specification and the question of practical application. Being unsure
whether all relevant typesetting programs would be able to handle such improve-
ments, we preferred to linger till the engines would become stable. It seems that
the time is ripe to attempt these extensions, especially as the staircase kerns were
ultimately implemented in XHIEX in the middle of 2014.

We are also not sure which OTF features should be present in math fonts.
At the moment, only math-oriented OTF features are implemented. Perhaps we
should consider the inclusion of text-oriented OTF features too, like the mentioned
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onum, 1num, pnum, and tnum for switching between numeral variants, or stylistic
sets for switching between calligraphic alphabets.

Also as suggested by users, we consider excerpting a number of glyphs, mostly
geometrical shapes and arrows but also selected math operators and relational
symbols, etc. (but excluding extensible and subscript characters), from math
fonts and transferring them into the respective text fonts. Such glyphs, though
prepared for math-oriented applications, can also be fruitfully used in conventional
fonts, that is, those not equipped with the MATH table, for the typesetting of
technical documents. This, obviously, requires a proper specification and careful
selection of the glyphs in question. This is, in fact, one of the planned stages of
work on new fonts.

Of course, MetaType1 itself also requires maintenance: enhancing, modifying,
fixing, etc. For example, we had to extend the otherwise stable set of MetaPost
macros used in MetaType 1 in order to handle the math extension of the OTF
specification.

Commencing our works for the GUST e-foundry, we underestimated the
inexorable Hofstadter’s Law (see footnote 7 on page 21) which apparently applies
not only to time resources. We believed that MetaType 1 could be kept simple:
just MetaPost, a few trivial Gawk scripts and a stand-alone, stable converter to
PostScript Type 1 fonts, Tlutils, and that’s all. In accordance with Hofstadter’s
Law, the task has unavoidably turned out to be much more complex than we
expected and the implementation — too heterogeneous.

In order to remedy this, we intend to unify MetaType 1 by eliminating Gawk,
Perl, T1utils, and, as we mentioned in Section 3.1, AFDKO. We aim at employing
two basic “subengines”, namely, MetaPost (for generating outlines) and Python
(for arranging the MetaPost output) plus one external, possibly replaceable,
“subengine”, for now, the FontForge Python library (for generating OTF fonts
and the theoretically obsolescent but still widely used PostScript Type 1 fonts).

7.2. More GUST e-foundry fonts
In the nearest future, we would like to elaborate and release three experimental
math fonts, namely: bold math, sans-serif math, and monospaced math. These
fonts fit neither the Microsoft nor Unicode specifications ([29] and [37], respec-
tively). Therefore, we have to start by working out an altered specification,
adjusted to our purposes, for these non-standard cases. For example, it is not at
all clear what to do with the sans-serif alphabet in a sans-serif math font: should
it be omitted, left intact, or modified somehow (how?).

Bold math fonts can be used in titles containing math formulas, as shown in
Figure 12 (a tentative version of TG Termes Bold Math is used).

Nowadays, many documents are being typeset in sans-serif, even schoolbooks.
Computer presentations may serve as another example. For such applications
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1. Equivalence of the integral (#asE -dS = 0)
and differential (V-E = 0) formulas

In this section, we shall prove that the integral and
differential forms of Maxwell’s equation known as
“Gauss’s law for magnetism”, i.e.:

# E-dS=0 (1)
9S
™ and
® V-E=0 (2)
=
20 a
3 are equivalent.
Various notations for continued fractions
The integers ag, a; etc., are called coefficients
or terms of the continued fraction. One can ab-
breviate the continued fraction
ag + E
0 1
a;+ ——
a+ —
2 e
in the notation of Carl Friedrich Gauss as
3
1
X =ag+ K =
i=1 aj
or in the notation of Alfred Pringsheim as
= 1, 1], 1]
] X=ag+ —+ —+ —.
2 lai  |az a3
<9 source: http://en.wikipedia.org/wiki/Continued_fraction

sans-serif math seems plausible. An example of such an application is shown in
Figure 13 (a tentative version of TG DejaVu Sans Math is used).

TEX users are accustomed to the use of control sequences for math-oriented
glyphs such as \infty, \sum or \pm. Some of these glyphs can be accessed (typed
in and displayed) directly in text editors, provided the font used by the editor
contains the relevant glyphs. The lion’s share of nominally math-oriented glyphs
can also be prepared as monospaced glyphs, usable in text editors, provided they
are assigned Unicode numbers. One can expect that it will improve the legibility
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\section{Anroput™M pe KacTtenbe}

3apaHuii MHorouneH bepHwTenHa $B$ cTtyneHs $n$
3 OonopHuMMKM To4vkamun $Be,..,Bn$
$$

B(t) = Y"i-0 Bib {i,n}(t),

pe $b$ — 6asmc MHorouneHa bepHwTeiHa, MHOrO4YMEH
B Touuyi $teo$ Moxe O6yTM BU3HA4YeHMW 3a LOMOMOT OO
pPeKYPEHTHOr0 CniBBifQHOWEHHS:
$$\eqgalign{

Bi(®)& = Bi \mbox{, } i=0,..,n\cr

B:i™{(j)}& = Bi~{(j-1)}(1-te) + Bi+1"{(j-1)}te

\mbox{, } i=0,..,n—j \mbox{, } j=1,..,n\cr

}$$

Topi BM3HayeHHs $B$ B Touui $to$ Moxe OyTwH
BM3HA4YeHO B $n$ KPOKiB anropuTMy.
PesynbtaTt $B(te)$ paHo 3a:

B(to)=Bo("’.
$$
Takox, KpuBa be3be $B$ Moxe b6yTu po3pineHa
B TOo4yui $te$ Ha OBi KpuBi 3 BignoBipgHMMK
ONOPHMMKU TOYKAMM :
$$
Bo(®),Bo(1),..,Bo(")
Botr),Brtn-1) . ,Bn(®)
$$

source: https://uk.wikipedia.org/wiki/Anropnt™m_ne KacTtenbe

Figure 14

of sources and, thereby, the efficiency of preparation of such documents—see
Figure 14 (a tentative version of TG DejaVu Mono Math is used).

Note that treating subscripts incoherently by the Unicode Standard (Sec-
tion 6.4) may prove to be a significant impediment in the latter case, that is, for
fonts without full subscript support. Perhaps the defining of the complete set
of subscripts and superscripts (partially “unicodeless”) and accessing them via
stylistic set features (ss01-ss20) can be a solution, provided a given text editor
handles the relevant OTF features.

7.3. Legal issues

The problem of copyrights and licenses has clung to us like a leech from the very
beginning and still persists. We are not copyright experts and we do not want to
be. Being sick of trouble with releasing our work due to discussions about legal
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aspects of distributing free fonts, we coined a pun lice-sense. Just one example:
the release of TG DejaVu Math was delayed by about a year because of doubts
raised concerning legal matters.

Having said this, we should emphasize that it does not mean that there has
been no activity from the side of the GUST e-foundry regarding legal issues.
On the contrary, our magnificent liaison officer, Jerzy Ludwichowski, has made
Herculean efforts in order to provide appropriate licenses for GUST fonts. In
particular, he prepared a proposal of a license for the URW fonts that would
suit GUST e-foundry needs, managed to contact in person the URW++ managing
director, Dr. Peter Rosenfeld, and, after long negotiations, received the gracious
approval for the additional license.

All the fonts released so far are licensed under the GUST Font License (GFL;
see [30]), except for TG DejaVu Math which has a somewhat complex license
(see [9], the Manifest file for TG DejaVu Math). Recently, many fonts are being
released under the SIL Open Font License (OFL; see [34]); therefore, we consider
dual-licensing GUST fonts (GFL+OFL).

More details concerning legal matters relevant to GUST e-foundry fonts can
be found in a series of publications by Jerzy Ludwichowski — see, for example [18,
19, 20, 21].

7.4. Constraints of tradition vs. our dreams

We are not particularly enthusiastic about font technology nowadays, but we are
not going to spit into the wind, and try to make the best of what is available. This
does not mean, however, that we are going to relinquish dreams of a successor to
the currently prevalent “Knuth —Gutenberg” model of typesetting, that is, the
model of stiff rectangles (types) arranged within a larger rectangle (page; a series
of pages being called a document), deeply ingrained in Johannes Gutenberg’s
technology of movable type, and transferred by Donald E. Knuth, among others,
to the realm of computers.

Computers facilitate some operations, such as kerning and ligatures, thereby
accelerating work on documents. The ease of use of affine transformations is also
considered an advantage of computers by many graphic designers. We are inclined
to consider both these aspects as being of rather equivocal benefit. Leaving aside
these philosophical questions and a far-reaching yet obvious idea, in fact also
philosophical, that a font could be defined as a structured collection of general
purpose object programs, we confine ourselves to pointing out two examples of
aspects that might be improved within the framework of the contemporary edifice
of typesetting.

Shrinkable and stretchable spaces, as in TEX, would supposedly be convenient
also in OTF fonts and seem not too hard to implement. This simple problem
touches on a fairly general and not in the least trivial problem which could be
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called “the conflict of competence”: which “knowledge” should be implemented
in a font and which —in a typesetting program.

Another improvement, this time hard to implement, is related to a naive
question: why must additional alphabets be embedded into a single math font?
The answer is simple: operating systems are poorly designed with regard to font
management. In particular, a user is not allowed to define a “private” family
of fonts— the commonplace pattern “regular, regular italic, bold, bold italic” is
very difficult to dislodge. One can imagine other variants of this idea, namely,
borrowing components for extensible characters or kerns from several fonts. As
far as we know, such an approach has not been implemented in any typesetting
program or any operating system. TEX is no exception (unless virtual fonts are
used); note, for example, that changing fonts within a word switches off the TEX
hyphenation mechanism.

It should be emphasized that several such problems were tackled in LuaTgX
by Hans Hagen and team; it does not seem, however, as if amendments of this
kind are to be introduced worldwide in any near future. This is understandable,
as the constraints of tradition and compatibility usually slow down the innovative
processes. For example, recently announced advancements in the OTF format
specification (see, e.g., [6]), can actually be considered a step backward towards a
previously abandoned idea, temporarily as it turns out, of multiple master fonts.
Anyway, this announcement augurs both ill and well for us: it means, on the
one hand, that we will probably have to reimplement MetaType 1 in order to
keep pace with the surrounding world and, on the other hand, that we still have
something to do and something to think about.
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The SWIGLIB Project

l LUIGI SCARSO I

The SWIGLIB project aims to show a way to build and distribute shared libraries
for LuaTEX by means of SWIG. This paper depicts the infrastructure that has
been created and the rationale behind it. Simple examples are shown.

Keywords: LuaTgX, SWIGLIB, SWIG, external libraries

Introduction

The Lua language is well-known for its simplicity and compactness, and also
for its easy integration into an existing project. This integration refers both
to compilation—TEX Live currently provides binaries for 21 platforms and all
of them have a luatex executable—and in a more general sense the relatively
small amount of time required to get acquainted with its constructs and data
structures.

Analogous to the \usepackage macro of KTEX, it is easy to extend the
built-in features of Lua by means of external Lua modules, usually loaded with
load("(module name)"). What perhaps is less well known is that the same
is also available for binary modules; for example, a C library compiled in the
native format of the platform. This is due to the double nature of Lua, as both
an interpreted language and a library that can be linked with an application
(see IERUSALIMSCHY, 2013, p.249):! the interaction of the Lua library and the
application must follow the application programming interface (API) of Lua.

While for LuaTgX there is currently no official C API—it is a program,
not a library—the Lua API is completely described in the Lua manual (http:
//www.lua.org/manual) and it counts 245 items, including constants, macros,
functions and standard libraries. They consistently use a stack to exchange data
(and hence several functions are dedicated to the stack manipulation) and use an
opaque data structure to store the current state, but the stack is accessible only
by the state and sometimes it is confused with it. By design (related to the choice
of ANSI C for the implementation language) the Lua state is not thread-safe,
but the library is carefully designed to avoid destructive interference in global
variables and in some cases multithreading with a single shared state appears to
be possible (SCARSO, 2014). In any case, the best solution is to avoid sharing the

1By design the standard Lua library is written in ANSI C and it is precisely for this reason
that integration into disparate platforms is easy.
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-- a Lua function that adds two numbers
function add ( x, y )
return x +y

/* The C code that calls the Lua function; */
/* we suppose that the state L */

/* is already initialised. */

/* Lua headers */
#include <lua.h>

int lua_add ( int x, int y ){

int sum;

lua_getglobal(L, "add"); /* function name */
lua_pushnumber(L, x); /* first argument */
lua_pushnumber (L, y); /* second argument */
lua_call(L, 2, 1); /* call the function

with 2 arguments, return 1 result */
sum = (int)lua_tointeger(L, -1);/* get resultx*/
lua_pop(L, 1); /* clear the stack */
return sum; /* return the sum */

Figure 1: Calling a Lua function from C.

state between multiple threads—the library can in fact safely manage different
states, at the price of more complex code.

Every “well done” C library exposes its services by means of an API which is,
of course, completely unrelated to the Lua API. Communication between the two
can happen in either direction: when the application library wants to execute a
Lua function it has to follow the Lua API as shown for example in Figure 1, and
similarly when a C function is called by the Lua interpreter (see Figure 2)—and
this latter case is the subject of this paper. It is clear that if an application
library has tens or hundreds of functions, writing the corresponding code can
take a considerable amount of time.

Before discussing the tools and the infrastructure used, it is worth mentioning
at least these three scenarios where an application library can be useful:

e pre/post processing of data, typically pre- processing images (i.e. conversion)

and post- processing PDFs;

e cxtending LuaTEX, for example to connect to a database at runtime;

e cxtending the application with LuaTEX as a scripting language—probably

a less common, but still important, use.
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/* Example C function to be called from Lua. */

/* Lua headers */
#include <lua.h>
#include <lauxlib.h>
#include <lualib.h>

int c_add (int x, int y) {
return x+y;

}

int _wrap_c_add (lua_State *L) {

int x,y, sum;

x = (int)lua_tointeger(L, -1); /* first arg =/
y = (int)lua_tointeger(L, -2); /* second arg */

sum = c_add(x,y); /* call c_add */
lua_pushnumber (L, sum); /* push result */
return 1; /* return sum */
}

static const luaL_Reg myapplication [] = {

{"add", _wrap_c_add}, /* register c_add */
{NULL,NULL} /* sentinel */
I

int luaopen_myapplication(lua_State *L) {
lual_newlib(L,myapplication);
return 1;

}

-- Calling c_add from Lua
local myapplication = require("myapplication")
print (myapplication.add(2,3))

Figure 2: Calling a C function from Lua.
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The SWIG tool

As described above, to connect an application library with the Lua interpreter a
third layer which acts as interface is needed. This layer, called wrapper code, must
know the application API and, of course, the Lua API. In Figure 2, c_add is the ap-
plication function, and the wrapper code items are _wrap_c_add, myapplication
and luaopen_myapplication; the local Lua variable myapplication is the bind-
ing. Under Linux the compilation is straightforward:
$ gcc -I/usr/include/lua5.2 -fPIC \

-o myapplication.o \

-c myapplication.c
$ gcc -I/usr/include/luab.2 -shared \

-o myapplication.so myapplication.o \

-1luab.2

where —fPIC tells the compiler to generate position independent code, given that
myapplication.so is a shared library. From this elementary example we can
identify the following issues:

e how to generate a wrapper for a rich and complex application API?

e how to compile the wrapper to obtain a suitable binary module?

e how to distribute the module?

The next subsections will try to address these questions.

Generate a wrapper
After a initial period of experimentation the following assumptions have emerged
as suitable for a project that aims to serve the TEX community:

1. the wrapper code should be generated in an automatic fashion preserving
as much as possible the meaning and the names of the functions and data
structures of the application API;

2. the application and Lua API should be freely accessible.

The tool chosen is SWIG, the Simplified Wrapper and Interface Generator program
available for different platforms, including Linux, Windows and MacOSX. Its web
site is http://www.swig.org; for a quick overview, see also http://www.ibm.
com/developerworks/aix/library/au-swig. SWIG has a powerful C/C++
preprocessor and can analyse? a header file and produce the wrapper code. For
example, given the C API

2SWIG works particularly well with C libraries, while with C++ libraries usually the
developer has to manually write some customisation, e.g. to manage function overloading or
multiple inheritance. For C++, in fact, “at the lowest level, SWIG generates a collection of
procedural ANSI C-style wrappers”; see http://wuw.swig.org/Doc3.0/SWIGDocumentation.
html#SWIGPlus_nn2.
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/* myapplication.h */
#include <lua.h>
#include <lauxlib.h>
#include <lualib.h>

extern int c_add (int, int);

the SWIG interface file to create the wrapper is:
/module core

W

/* code included in the wrapper */

#include "myapplication.h"

YA

/* header to analyse */

%include "myapplication.h"

The wrapper itself (by default core_wrap.c) is generated with
$ swig -lua core.i
and, supposing that the application header and the shared library myapplication.so
live in the current directory ./, the binary module core.so is compiled as below
(again for the Linux platform):
$ gcc -I/usr/include/lua5.2 -I./ -fPIC \

-0 core_wrap.o \

—C core_wrap.cC

$ gcc -L./ -Wl,-rpath,’$0RIGIN/.’ -shared \

-0 core.so core_wrap.o \

-lmyapplication -1luab.2
and loaded in Lua with

local myapplication = require("core")
print (myapplication.c_add(2, 3))

This example shows all the basic components used in the SWIGLIB project.
A practical interface file is in fact only a bit more complex: here is one for the
cURL library, a free and easy-to-use client-side URL transfer library (http:
//curl.haxx.se/libcurl):?
/module core
#ifdef SWIGLIB_WINDOWS
%include <windows.i>
#endif

/* Section for utilities, such as */
/* built-in wrappers for C arrays, */
/* C pointers, function pointers. */

3The real file has a few more directives, but this example shows the important pieces.
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/* API */
W
#include "curl/curl.h"

%}

/* Headers to generate the wrapper */
Y%include "curl/curlver.h"

%include "curl/curlbuild.h"

%include "curl/curlrules.h"

%include "curl/curl.h"

%include "curl/easy.h"

Y%include "curl/multi.h"

/* Customisation  */
%include "native.i"
%include "inline.i"
%include "luacode.i"

Each binary module of the SWIGLIB project is named core, so each needs
to be saved into a specific directory, as will be shown later. Next, there is a
section to eventually include the wrappers that SWIG supplies by default for
the basic C types such as char, int, long, etc. (useful, for example, when a
parameter of a function is an array or a pointer to a basic type). After that is
the section that includes the application API into the wrapper and generates
the wrapper; the order of the %include directives is not random, but reflects
the dependencies between the headers.* Finally, the native.i file is used when
the developer wants to replace the standard SWIG wrapper of a function with a
custom implementation; the inline.1i file is useful to add new members to the
application API; and the luacode.i file to add Lua code when the module is
initialised at loading time.

Normally, these .1i files are empty but it turns out that our example of the
cURL API has several functions that take a variably-typed argument—either a
pointer to a long or a pointer to a char, etc.; in any case, a finite set of types
as described in the documentation of the API. Here the inline.i file defines,
for each variation of such functions, several C helper functions with the third
argument fixed; i.e. one function with a pointer to a long, a second with a pointer
to a char, etc. The 1luacode. i file has the single Lua function that calls the helper
functions with the right third argument: of course this means that a lot of code
is hand-written, given that a single function can have 3 or 4 helper functions—it
sounds complicated but it is not especially difficult.®

4gcc -H can be used with a header file to print out its dependencies.
5 Although the chapter “Variable Length Arguments” at
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In most cases this simple organisation of the interface file is enough, but it
can be extended in two ways: first, to build a helper module that consists solely
of SWIG directives as in
/module core
#ifdef SWIGLIB_WINDOWS
%include <windows.i>
#endif
%include "carrays.i"

%include "cpointer.i"
%include "constraints.i"
%include "cmalloc.i"
%include "lua_fnptr.i"

%{ /* array functiomns */ %}
farray_functions(char, char_array);
%array_functions(unsigned char, u_char_array);
%array_functions(char*, char_p_array);
farray_functions(unsigned char*, u_char_p_array);
/* Several other SWIG directives ...x/

Second, by adding C functions and data structures to the inline interface a
user can build a custom usermodule, eventually using other application libraries.
In other words, SWIG also supports interface files usercore.i, usernative.i,
userinline.i and userluacode.i and hence a usercore binary module that
stays in the same directory as the core application.

Compilation of a wrapper
Compilation of binary modules is not as difficult as it seems at first sight: given an
application header and the corresponding shared library, SWIG generates ANSI
C wrapper code, which is usually both portable and easily compilable. Of course
much depends on the application library, but currently all the modules provided
are compiled for 64-bit Linux (Ubuntu 14.04 LTS) with the GCC toolchain and
cross-compiled for Microsoft Windows 32-bit and 64-bit using the Mingw-w64
toolchain; it is also possible under Linux to use the native compiler suite for
Windows from http://tdm-gcc.tdragon.net

In this way the application headers and library match among different plat-
forms (only two in this phase) which in turn means that at the LuaTgX level
the interface to the application library is the same. While the compilation of an
application module almost always uses the configure script generated from the
GNU Autotools, SWIGLIB uses for the wrapper simple bash scripts; for example,
for curl under Linux:

http://www.swig.org/Doc3.0/SWIGDocumentation.html#Varargs does start with a.k.a. “The
horror. The horror.”
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trap ’echo "Error on building library"; exit $7’ ERR
echo "building for : linux 64bit"
## SWIG
swig -I$(pwd)/resources/include64 -lua -o core_wrap.c ../core.i
## Compile wrapper
rm -f core_wrap.o
gcc -03 -fpic -pthread -I$LUAINC -I./resources/include64/ \
-C core_wrap.c —O COre_wrap.o
## Build library
rm -f core.so
CFLAGS="-g -03 -Wall -shared -I./resources/include64
-L./resources/1ib64"
LIBS="-1lcurl -1ssh2"
gcc $CFLAGS -Wl,-rpath,’$0RIGIN/.’ core_wrap.o $LIBS -o core.so
## End
mv core.so resources/lib64
rm core_wrap.o
rm core_wrap.c

and for Windows 64-bit it is almost the same:

trap ’echo "Error on building library"; exit $7’ ERR

## SWIG

swig -DSWIGLIB_WINDOWS -I$(pwd)/resources/include64 \

-lua -o core_wrap.c ../core.i

## Compile the wrapper

rm -f core_wrap.o

$GCCMINGW64 -03 -I$LUAINC -I./resources/include64/ \

-C core_wrap.Cc —O COre_wrap.o

## Build the library

rm -f core.dll

CFLAGS="-03 -Wall -shared "

LIBS="$LUALIB/$LUADLL64
resources/1ib64/1ibssh2-1.d11
resources/1ib64/z1ibl.d11
resources/lib64/libcurl-4.d11
resources/1lib64/ssleay32.411
resources/1ib64/libeay32.411 "

$GCCMINGW64 $CFLAGS \

-Wl,-rpath,’$0RIGIN/.’ core_wrap.o $LIBS -o core.dll

## End

mv core.dll resources/lib64

rm core_wrap.o

rm core_wrap.c

A simple bash script should be easily ported to different platforms: the GNU
Autotools are well suited for Unix-like systems, but Windows has its own toolchain
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and such a shell script can be translated in a batch script without much effort,
giving a good starting point (see CALCOTE, 2010, p. 3).

A binary module can easily depend on other binary modules. Under Windows,
these modules are searched first in the same directory of the wrapper, but in Linux
(and hopefully on other Unix-like systems too) that “local” search is enforced with
the linker option -Wl,-rpath,’$0RIGIN/.’. We do this to keep the wrapper
module and its dependencies as much as possible self-contained in a TDS tree.

In spite of the efforts to mask the differences between the systems, at some
point they emerge and it is not always possible to find a nice way to manage them.
One of these differences is symbol resolution and collision: when an application
module has a reference to an external symbol (i.e. a function or a data item),
under Linux this reference is resolved at run-time while in Windows it must be
resolved at build-time, when the module is compiled.

Given that an application module always needs to resolve the Lua API symbols,
the first consequence is that the luatex Windows binary must be compiled with a
dynamic link to an external Lua library (a Lua DLL) and the same DLL must be
used at build-time for the application module. Under Linux the Lua API symbols
are unequivocally resolved inside the luatex binary, but if the application module
needs a symbol from another API (for example, a function from 1ibpng, which is
part of luatex) it must resolve that symbol to an external auxiliary library and
not inside the luatex binary: with Windows this happens automatically because,
by default, the symbols are not visible if not explicitly marked as such, but in
Linux the situation is just the opposite. The luatex binary must be compiled
with the gcec flag ~fvisibility=hidden—this will be the default starting with
TEX Live 2015:° hence, all the Linux binaries before this date are not safe.

Another fundamental difference is that Linux 64-bit and Windows 64-bit do
not use the same data model. Linux uses the so-called LP64, where the type
long and a pointer are both 64 bits, while Windows uses LLP64, where a long
is 32 bits and a pointer 64 bits. As a consequence, if a program under 64-bit
Linux uses a long to store an address, it cannot be automatically ported to 64-bit
Windows. Although the 64-bit Windows version could use the type long long,
this is a C99 extension and it is not supported by the Microsoft Visual C compiler.
The situation is no better in C++: the following example that uses GMP 6.0.0
fails to compile with Mingw-w64 but works with GCC under Linux"—and in
both cases sizeof a returns 8.

#include <gmpxx.h>
#include <iostream>
using namespace std;

6Peter Breitenlohner has done incalculable work in implementing the symbol visibility and
the build of shared versions of the TEX-specific libraries.

7And the fork MPIR, 2.7.9 compiles correctly under Mingw-w64 and gives the same result as
Linux!
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int main(void) {
size_t a = b;
mpz_class b(a);
cout << b.get_ui() << endl;
cout<< sizeof a <<endl;
return O;

Deployment

The SWIGLIB project is hosted® at http://swiglib.foundry.supelec.fr with
a public readonly Subversion source repository accessible at http://foundry.
supelec.fr/projects/swiglib. The root has currently the following applica-
tion modules:
trunk
|_ attic
|— basement
|— curl
|- experimental
|- ghostscript
|- graphicsmagick
|- helpers
leptonica
|— 1libffi

|_ lua

|- luarepl

|- mysql

|- parigp

|- physicsfs
|- postgresql
|- apdf
R

|- salite
|- swig

|- usermod
L~ zeromq
COPYRIGHT
build.sh

Each application module has the following layout (here shown for curl):

curl
L. 7.40.0

8Thanks to Fabrice Popineau for his invaluable support.
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|_ docs

|— linux

resources
include32

|— include64

- curl
1ib32

L. 1ib64
test
build-linux-x86_64.sh
- osx
L. resources
|_ include32
|— include64
|_ 1ib32
L- 1ib64
- windows
|_ resources
|_ include32

L curl
I_ include64

L~ curl
I— 1ib32

L- 1ib64
test
build-mingw32.sh
build-mingw64.sh
build-msys32.sh
build-msys64.sh
core.i

inline.i
luacode.i
native.i

where 1ib64 (1ib32) hosts the application API and 1ib64 (1ib32) the binary
module. The osx directory is a placeholder—currently it is empty. The lua
directory contains the Lua API and the binaries for Linux 64-bit, Windows 32-bit
and 64-bit:

L- luatex-beta-0.79.3.1
|_ include
|— lauxlib.h
|— luaconf.h
lua.h

|_
|- 1lua.hpp
|_

lualib.h
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|- patch-01-utf-8
|- patch-02-FreeBSD
L~ patch-03-export
- linux
L- luatex
— w32
|- libkpathsea-6.d11
luatex.exe
L- texluab2.dl1l
- w64
|- libkpathsea-6.d11
luatex.exe
l— texluab2.dll

Application module location in the TDS

The natural location of a binary module inside a TDS directory is under bin/.
The current layout looks like the following (for Linux 64-bit):

tex

- texmf-linux-64

L- bin
l— 1ib
L~ luatex
- lua
L~ swiglib
- curl
L. 7.40.0

core.so
L- 1libcurl.so

SWIGLIB doesn’t require a particular method to load a wrapper module,
because this is a task of the format. The tests in the Subversion repository use
the low-level Lua function load, but they need to know the system and the full
path of the module; on the other hand, CONTEXT has a global swiglib function
(see util-1lib.lua and HAGEN, 2016) that is independent from the system and

the path—but it doesn’t use the kpse library.

Conclusions

Without a doubt, building a wrapper module requires a working knowledge at
least of the C language, for which KERNIGHAN AND RITCHIE (1988) is still a
pleasure to read; useful information on shared libraries is also in DREPPER (2011)
and LEVINE (1999) while for Linux (KERRISK, 2010) is still one of the best
references, as RUSSINOVICH (2012a) and RUSSINOVICH (2012b) are for Windows.
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Moreover, having a working wrapper is only half of the story: the rest is a
working Lua/TEX layer that suits with the format in use—and this cannot be
part of the underlying SWIGLIB. The example with GMP 6.0.0 shows that an
application module that compiles well and passes all the tests can still fail to
compile an apparently innocuous program. The C code itself is not always easy
to understand, as for example with the following program
/* test.c */
#include <stdlib.h>
void foo(int *x){

int y = *x;

if (x == NULL)

return;

}
int main(){

int *x;

x = NULL;

foo(x);

return O;

}

which gives a segmentation fault if compiled with gcc without optimisation
(gcc -o test test.c), but it is ok with optimisation (gcc -03 -0 test test.c).”?
Portable multithreading also looks problematic, due to the lack of support in
ANSI C and hence in Lua. Of course the Linux and Windows platforms are
not the only ones to consider and the absence of MacOSX is the most notable;
FreeBSD as well, which seems to be rather easier to add.

Despite these issues, SWIG is an exceptionally flexible program, and it can
adapted to manage almost any situations. If an interface file is complicated, it can
often be simplified with an auxiliary C module; if a user needs to customise an
application module, this can be done by adding a set of Lua functions and/or C
functions—and all this while always formally writing an interface file. A possible
objection is that LuaTEX does not have a read-eval-print loop (“repl”) program
as standard Lua does, but SWIGLIB has a pure Lua module luarepl that
mimics the original one quite well. This means that it is possible to use LuaTgX
as a general-purpose scripting language, i.e. to manage the installation of TEX
packages.

Regarding LuaJITTEX (SCARSO, 2013): even when it is possible to use
the same interface file, the API and the luajitex libraries are not the same.
Furthermore, LuaJIT users seem to prefer the use of the LuaJIT ££fi module,
which is roughly similar to SWIG. It should still be doable to implement in SWIG
via a new backend LuaJIT-ffi that emits ££fi chunks instead of the LuaJIT C

9y = *x results in undefined behaviour when x is NULL, but the optimisation -03 is able to

detect that y is never used and it deletes it.

99



API, effectively eliminating the need for a C compiler. Clearly work for the
future.

Some practical examples of applications are shown in HAGEN (2016) and
SCARSO (2011). These will also be the subject of a future paper.

References

CALCOTE, JOHN. Autotools: A Practitioner’s Guide to GNU Autoconf, Au-
tomake, and Libtool. 1. ed. San Francisco : No Starch Press, 2010.
xxiv 4+ 332 pp. ISBN 978-1-59327-206-7.

DREPPER, ULRICH. How to Write Shared Libraries [on-line]. 2011. [cit. 2015-03-
05]. Available at: http://www.akkadia.org/drepper/dsohowto.pdf.
HAGEN, HANS. SWIGLIB basics [on-line]. 2016. [cit. 2016-12-25]. Available at:
http://www.pragma-ade.com/general/manuals/swiglib-mkiv.pdf.
IERUSALIMSCHY, ROBERTO. Programming in Lua. 3. ed. Rio de Janeiro :

Lua.Org, 2013. 366 pp. ISBN 978-85-903798-5-0.

KERNIGHAN, BRIAN W.; RITCHIE, DENNIS M. The C Programming Language.
2. ed. Englewood Cliffs (NJ) : Prentice Hall, 1988. xii + 272 pp.

ISBN 0-13-110370-9.

KERRISK, MICHAEL. The Linux Programming Interface: A Linux and UNIX
System Programming Handbook. 1. ed. San Francisco : No Starch Press,
2010. 1552 pp. ISBN 978-1-59327-220-3.

LEVINE, JOHN R. Linkers and Loaders. 1. ed. San Francisco : Morgan Kaufmann
Publishers, 1999. 256 pp. ISBN 1-5586-0496-0.

RussinovicH, MARK E., SoLoMON, DAvID A., IoNESCU, ALEX. Windows
Internals, Part 1: Covering Windows Server 2008 R2 and Windows 7. 6. ed.
Redmond : Microsoft Press, 2012a. 752 pp. ISBN 978-0-7356-4873-9.

RussINOVICH, MARK E.; SOLOMON, DAVID A.; IONESCU, ALEX. Windows
Internals, Part 2: Covering Windows Server 2008 R2 and Windows 7 (Win-
dows Internals). Redmond : Microsoft Press, 2012b. 672 pp.

ISBN 978-0-7356-6587-3.

ScARrso, Luicl. Extending CONTEXT MKIV with PARI/GP. ArsTgXnica, 2011,
Vol. 11, p. 65-74. (ISSN 1828-2369.)

Scarso, Luicl. LuaJITTEX. TUGboat, 2013, Vol. 34, No. 1, p. 64-71.

(ISSN 0896-3207.)

Projekt SWIGLIB

Clének se vénuje tématu piistupu k bindrnfm knihovnam v LuaTeXu. Popisuje
problémy s piistupem ke sdilenym knihovnam na rozdilnych platformach a tvorbou
rozhrani zpristupnujicich tyto knihovny pro programy v jazyce Lua.
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Pro zjednoduseni tvorby rozhrani pro bindrni knihovny je navrhnut projekt
SWIG, ktery umoznuje jejich poloautomatickou tvorbu za pomoci konfigurac-
niho souboru a analyzy hlavickovych soubori zpracovavanych knihoven. Projekt
SWIGLIB pak tesi zptisob kompilace tohoto rozhrani na rozdilnych platforméach
a umisténi vyslednych binarnich knihoven tak, aby byly piistupné LuaTeXu.
Pro nahrani knihoven je tfeba upravit nahravaci rutiny v Lue. Existuje podpora
v ConTeXtu, pro ostatni formaty musi podpora teprve vzniknout.

Klicova slova: LuaTgX, SWIGLIB, SWIG, externi knihovny
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Dobie dokumentované statistické vypocty
‘l MAREK Pomp I

Clanek popisuje implementaci metody dobfe dokumentovanych programt v pro-
stfedi pro statistické vypocty. Specidlné se vénuje balicku Sweave uréeném pro
psani dynamickych dokumentu, jejichz vypocty se provadéji za pomoci statistic-
kého programu R.

Klicova slova: literarni programovani, reprodukovatelny vyzkum, Sweave, ja-
zyk R.

Uvod

V roce 1981 Donald E. Knuth formuloval svou ideu literarniho programovani, na
jejimz principu bylo vytvofeno mnoho nastroju usnadiujicich vytvéreni dobte
dokumentovanych programiu. Tento trend se dotknul i systému pro statistické
vypocty, viz napf. (GANDRUD, 2013).

V poslednich letech zacali statistikové v Siroké mife pouzivat statisticky pro-
gram R, volné Sifitelnou implementaci jazyka S. V roce 2002 Friedrich Leisch vy-
tvortil systém Sweave, ktery umoziiuje kombinovat I TEXovsky text se zdrojovym
kédem, ktery je vyhodnocen programem R, viz (LEISCH, 2002) a (LEISCH, 2008).

V roce 2012 navazal na balicek Sweave Yihui Xie svym programem knitr,
viz (XIE, 2013), ve kterém obohatil zékladn{ moznosti Sweave a integroval vypocty
programu R také do dalsich znackovacich jazyku, jako je HTML nebo Markdown.

Sweave, principy

Zakladem pii préaci s balikem Sweave je kombinace I4TEXovského zdrojového
souboru s vypocty a procedurami programovaciho jazyka R, podle pravidel noweb
(viz RAMSEY, 1994). Smés textu pro ITEX a zdrojového kédu pro R je obvykle
ulozena v souboru s pfiponou Rnw. Zdrojovy soubor Rnw se nejprve predlozi pro-
gramu R. R jako preprocesor muze mit dvé funkce. Bud’to vyhodnoti vSechny
vypocty a pozadované vysledky prevede na sekvence, kterym rozumi TEX. Vysle-
dek prace programu R je ¢isty soubor uréeny pro zpracovani KTEXem, tomuto
procesu fikame weave. Druhou variantou je, Ze ze souboru Rnw je extrahovan jen
zdrojovy text pro program R, tzv. proces tangle! (viz obr. 1).

1Proces tangle spousti funkce Stangle, kterd ze souboru Rnw vybira jen kéd uréeny pro-
gramu R a ukldda jej do souboru s pfiponou R.
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(pdf)latex

*.tex *,pdf
BTEX +vysledky nebo *.dvi

Sweave/‘
* . Rnw
kéd BTEX + R

St ang]&«

*.R
kéd R

Obrazek 1: Schéma prace se Sweave a Stangle

Kompilace souboru *.Raw (viz obr. 2) v programu R provadi funkce Sweave,
ktera do souboru s piiponou tex beze zmény opiSe vSechen kéd uréeny pro
TEX. Kéd urceny pro program R nechd vyhodnotit a zapise do stejného souboru
vysledky tohoto vyhodnoceni spolu s dalsimi TEXovymi formétovacimi pifkazy.?

> Sweave("prvni.Rnw")
Writing to file prvni.tex
Processing code chunks with options ...
1 : echo keep.source term verbatim (prvni.Rnw:5)

You can now run (pdf)latex on ‘prvni.tex’

Vysledny soubor (na obr. 3) je mozné béznym zpusobem zpracovat pomoci IWTEXu.
Prostredi Schunk, Sinput a Soutput, ktera formatuji vystupy, jsou definovana
v baliku Sweave.sty, ktery je soucasti béznych distribuci KTEXu.

Funkci Sweave a nasledné KTEX muzeme spoustét oddélené, Sweave v pro-
stiedi R a nésledné TEX v opera¢nim systému. Vhodnéjsi ovSem je oba kroky
spojit dohromady. Jedna z moznosti, je spoustét oboji na pitkazovém tadku
v operaénim systému, napi. v Linuxu® pomoci pifkazi
$ Rscript -e "Sweave('prvni.Rnw')"; pdflatex prvni
nebo v ekvivalentni formé
$ R CMD Sweave prvni.Rnw; pdflatex prvni

VVVVVV

2Piikazovou fadku programu R znaéime promptem >.
3Piikazovou Fadku operaéniho systému znaéime promptem $.
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prvni.Rnw
\documentclass{article}
\usepackage [ut£8] {inputenc}
\begin{document}

VypoZet aritmetického pruméru z posloupnosti &isel.
<<echo=TRUE, results=verbatim>>=

x <= ¢(1,2,3,4)

mean (x)

c]

\end{document}

Obréazek 2: Zdrojovy soubor prvni.Rnw, kéd pro INTEX opatteny blokem s kédem
pro program R

prvni.tex

\documentclass{article}
\usepackage [ut£8] {inputenc}
\usepackage{Sweave}
\begin{document}

VypoZet aritmetického prum&ru z posloupnosti &isel.
\begin{Schunk}
\begin{Sinput}

> x <- c(1,2,3,4)

> mean(x)

\end{Sinput}
\begin{Soutput}

[1] 2.5

\end{Soutput}

\end{Schunk}

\end{document}

Obrazek 3: Vysledek préce preprocesoru Sweave, soubor prvni.tex

prvni.pdf
Vypocet aritmetického pruméru z posloupnosti ¢isel.

x <- ¢(1,2,3,4)
mean (x)
[1] 2.5

Obrazek 4: Vysledek zpracovani souboru prvni.tex pomoci KTEXu, vystup
v DVI nebo PDF
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Dalsi moznosti je spoustét Sweave i IXTEX z piikazové fadky programu R.
Ke spusténi TEXu slouzi utilitka texi2dvi z baliku tools, ktera spousti XTEX
a BIBTEX az do spravného vyhodnoceni vSech kiizovych odkazu.

> Sweave("prvni.Rnw")
> tools::texi2dvi("prvni.tex", pdf=TRUE)

V neposledni fadé je mozné vyuzit k editaci a nasledné kompilaci nékteré
z komplexnich prostfedi pro editaci TEXtu. Styl pro Sweave je podporovan ve
vétsiné textovych editort jako je napf. Emacs, vim, WindEdt nebo TpXnicCenter.
Samoziejmost{ je podpora pro LyX. Za zminku stoji také R-Studio (viz RSTUDIO
TEAM, 2015), propracovany nastroj primarné urceny pro praci s programem R
a vytvareni dokumentu obsahujicich kéd jazyka R.

U souboru s jinym kédovanim nez ASCII rozpoznd Sweave typ kdédovéni
z IXTEXovského \usepackagel...]{inputenc}, ale je mozné kédovani vnutit
funkci Sweave parametrem encoding, napf.

$ Rscript -e "Sweave('prvni.Rnw', encoding='utf8')"

Blok kédu a jeho zakladni parametry

Do IXTEXovského zdroje se ¢asti uréené programu R vkladaji jako tzv. chunks
— bloky kodu. Podle zvyklosti v noweb je blok kédu na zacatku omezen radkem
obsahujicim posloupnost znaku <<parametry>>= a na konci fadkem s jedinym zna-
kem @. Parametry v hlavicce bloku uréuji jeho dalsi chovéani, obvykle formatovani
vystupu. Piiklad zdrojového souboru s jednim blokem kédu pro R je na obr. 2.
Tento blok mé dva parametry echo=TRUE a results=verbatim. Oba parametry
jsou v tomto piikladu nadbyteéné, protoze uvedené hodnoty parametru jsou ve
Sweave pfednastaveny a chovani bloku by bylo stejné, jako kdyby byla hlavicka
prazdnd <<>>=.

Pro ortodoxni EXTEXisty je mozné blok R-kovského kédu uzaviit do prostiedi
Scode.

\begin{Scode}{parametry}
kod pro R
\end{Scode}

Aby Sweave spravné rozpoznal syntaxi pro zapis bloki, mél by soubor s bloky
vymezenymi prostiedim Scode mit piiponu Rtex. Typ zapisu pro bloky lze ménit
prubézné v jednom souboru. Zménu syntaxe ozndmime piikazem

\SweaveSyntax{SweaveSyntaxLatex}
nebo

\SweaveSyntax{SweaveSyntaxNoweb}
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Popisme ty nejuzivanéjs{ parametry pro blok R-kovského kédu. (Hodnoty
parametru jsou uvedeny v zdvorce, prvni z uvedenych hodnot je ve Sweave
standardné pfednastavena. V piikladech je vlevo blok, tak jak je zapsany v souboru
*.Rnw a vpravo vystup ve findlnim *.pdf souboru.)

echo (TRUE/FALSE) — ukéze/skryje zdrojovy kéd pro R.

<<>>= > x <- c¢(1,2,3,4)
x <- ¢(1,2,3,4) > mean(x)

mean (x) 1] 2.5

Q@

<<echo=FALSE>>= [1] 2.5

x <- c¢(1,2,3,4)

mean (x)

Q@

results (verbatim/tex/hide) — vypiSe vysledky vypocta bud’to v prostiedi
Soutput, nebo (results=tex) vysledky vlozi jako ¢isty text bez jakéhokoliv pro-
stredi, presné tak, jak je vypisuje program R (vhodné napf. pro predformatované
tabulky viz str. 73), anebo nevypisuje zadny vysledek (results=hide).

<<results=hide>>= > x <- c(1,2,3,4)
x <- ¢(1,2,3,4) > mean(x)

mean (x)

@

label (text) — jeden z parametru muze byt ndvest{ pro blok. Naveésti slouzi
k odkazum na obsah bloku na jiném misté dokumentu, nebo jako nézev pro
obrazky v bloku vytvorené a pod. Odkaz na blok se vytvaii posloupnosti znaku
<<label>>.

Je-1i 1abel uveden jako prvni z parametru, muzeme vynechat klicové slovo
label a psat jen samotné navesti.

<<a, echo=FALSE, results=hide>>=
x <- ¢(1,2,3,4)

mean (x)

Q

<<>>= > 1+1

1+1

<La>> f11 2

@ > x <- c¢(1,2,3,4)
> mean(x)
[1] 2.5
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keep.source (FALSE/TRUE) — v zdkladnim nastaveni Sweave upravuje kéd
pro R tak, ze vynechd komentafe a zméni fadkovani a odsazeni. V piipadé
keep.source=TRUE piepisuje instrukce pro R presné tak, jak jsou formatoviny
ve zdrojovém textu.

<<keep.source=FALSE>>= > x <- c(1, 2, 3, 4)
x <- c(1, 2, > mean(x)

3,4)

mean(x) # vypocet [1] 2.5

c]
<<keep.source=TRUE>>= > x <- c(1, 2,
x <- c(1, 2, + 3,4)

3,4) > mean(x) # vypoclet
. mean(x) # vypocet [1] 2.5

eval (TRUE/FALSE) — povoli/zakdze vyhodnocen{ zdrojového kédu v R.

split (FALSE/TRUE) — ulozi vystupy kazdy zvlast’ do jednotlivych soubor,
které jsou pak do hlavniho souboru *.tex nacitany piikazem \input. Nazev
pomocnych souboru je odvozen z nazvu hlavniho Rnw souboru, bud’to priddnim
¢isel, nebo se za nazev pripoji obsah proménné label (viz obr. 5).

Pro globdlni zménu prednastavené hodnoty parametru, pouzijeme v BTEXov-
ském zdrojovém souboru ptikaz \SweaveOpts, v jehoz argumentu jsou uvedeny
pifslusné parametry a jejich hodnoty (oddélené ¢drkou). Napi.
\SweaveOpts{split=TRUE, keep.source=TRUE}

Tyto hodnoty parametru se pouziji ve vSech nésledujicich blocich kédu pro R.

Vysledky mezi textem v odstavcovém maédu

Vysledky po vyhodnoceni bloku jsou vkladany do textu mezi odstavce v prostiedi
Schunk. Pro vkladani jednotlivych ¢isel piimo do textu v odstavci slouzi piikaz
\Sexpr{uvgraz v R}. Argumentem tohoto ptikazu je jediny vyraz jazyka R, obvykle
to byva jedna proménnd, kterd je zavedena na jiném misté.

<<results=hide>>= > x <- c(1,2,3,4)
x <- ¢(1,2,3,4) > m <- mean(x)
m <- mean(x)

o Aritmeticky prumér vektoru z je 2.5.

Aritmeticky prumér
vektoru $x$ je \Sexpr{m}.
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Uvedeno v souboru prvni.Rnw

<<split=TRUE>>=

x <- 1:6
mean (x)
Q

<<sd-chunk, split=TRUE>>=
x <= 7:10

sd(x)

e

Byl vytvofen soubor prvni-01.tex
\begin{Schunk}

\begin{Sinput}

> x <- 1:6

> mean(x)

\end{Sinput}

\begin{Soutput}

[1] 3.5

\end{Soutput}

\end{Schunk}

Byl vytvofen soubor prvni-sd-chunk.tex

\begin{Schunk}
\begin{Sinput}
> x <= 7:10

> sd(x)
\end{Sinput}
\begin{Soutput}
[1] 1.290994
\end{Soutput}
\end{Schunk}

V souboru prvni.tex je vlozeno

\input{prvni-01}

\input{prvni-sd-chunk}

Obrézek 5: Pouziti parametru split
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Je dulezité si uvédomit, ze ackoliv v R funkce Sweave vyhodnoti argument
piikazu \Sexpr, funkce Stangle jej ignoruje. Zatimco pii zpracovani funkei
Sweave je tedy mozné pouzit konstrukci
\Sexpr{(a <- 2+2)}
kterda v R do proménné a vlozi soucet, vyhodnoti a vypiSe ¢&islo 4, pricemz
proménnda a bude k dispozici pro dalsi vypocty na jiném misté, stejna konstrukce
zpracovana za pomoci Stangle bude vypisovat chybovou hlasku o chybéjici
proménné a.

Obrazky

Obrézky a ilustrace vytvarené programem R je do XTEXovského souboru mozné
zaclenit volbou parametru fig a include.

fig (FALSE/TRUE) — piiznak pro vytvafeni grafického vystupu. Nézvy sou-
boru s obrézky jsou odvozeny z ndzvu hlavniho souboru pfiddnim ¢isel, nebo
obsahu proménné label.

width, height (6, ¢islo) — rozméry obrdazku v palcich.

pdf, eps (TRUE/FALSE) — pfiznak pro typ grafického vystupu. Uplatni se jen,
pokud je nastaveno fig=TRUE.

Ukazme si pifklad bloku, jehoZz vysledkem je obrézek. (Vysledny obrazek viz
obr. 6.)

<<fig=TRUE, echo=FALSE, include=TRUE, width=3.5, height=2>>=
boxplot(iris, main="Kvé&ty kosatcu")
c]

Zatazeni obrézku pfinasi dva hlavni problémy. Bézné utility programu R pro
tvorbu obrazku ani do soubori PDF ani do PostScriptu nevklddaji fonty, coz
ztézuje prenositelnost vyslednych souboru vzniklych kompilaci TEXem. S tim
okrajové souvisi druhy problém, nesoulad ve velikosti a typu pisma v obrazku
a v bézném textu. Obé tyto potize lze pfekonat pouzitim vhodné grafické knihovny
programu R. Grafickou knihovnu pouzitou funkci Sweave nastavime v parametru
grdevice.

grdevice (text) — nézev funkce pouzité pro vytvaieni grafického vystupu ve
Sweave. Je nezdvisly na parametrech pdf a eps.

Jeden z dostupnych grafickych néstroju v R je napt. knihovna Cairo, jejiz
pouziti s fonty LatinModern je v néasledujici ukazce.

<<results=hide, echo=false>>=
require(Cairo)
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Kvéty kosatcl
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Obrazek 6: Bézny graficky vystup z programu R

mainfont <- "lm roman 10"
CairoFonts(

regular = paste(mainfont, "style=regular", sep=":"),
bold = paste(mainfont, "style=bold", sep=":"),
italic = paste(mainfont, "style=italic", sep=":"),
)
my.Swd.pdf <- function(name, width, height, ...) {
CairoPDF(file = name,
pointsize=10,
width = width, height = height
)
}
Q

Nésledné je nutné nastavit parametr grdevice.
\SweaveOpts{grdevice=my.Swd.pdf}

V popiscich obrazku z predchoziho piikladu jsou nyni nastaveny fonty Latin-
Modern v piislusné velikosti (viz obr. 7).
Parametr grdevice muzeme pouzit i lokdlné jako jeden z parametri v jednom

bloku.

V nékterych instalacich programu R je nejprve tieba LatinModern fonty
jednordzové zavést do programu R.

> install.packages("extrafont")
> library(extrafont)
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Kvéty kosatci
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Obrazek 7: Obrazek s popisky ve fontu v LatinModern

> font_import(pattern = "lmodernx")

V kazdém nasledujicim pouziti programu R uz budou LatinModern fonty k dis-
pozici.

Obrazky jsou funkei Sweave vygenerovany do pracovniho adreséfe a vkladany
piikazem \includegraphics do TEXovského souboru bezprostfedné na misto, kde
je blok umistén. Nazvy obrazku jsou odvozeny z nazvu hlavniho *.Rnw souboru
a poradového ¢isla bloku, resp. z parametru label. Jiné umisténi obrazku v textu
umozni parametr include.

include (TRUE/FALSE) — vloz vystup bezprostiedné na misto, kde je blok
s kédem uveden, nebo v pripadé FALSE nevklada Sweave do souboru *.tex nic
a je mozné vlozit vystup manudalné.

Napiiklad v souboru clanek.Rnw uvedeny blok

<<obrl, echo=FALSE, results=hide, include=FALSE>>=
par(mar=c(2,2,2,0))

boxplot(iris, main="Kvéty kosatca")

e

vytvori obrazek s ndzvem clanek-obrl.pdf, ale nikam do TEXovského souboru
nevklada piikaz \includegraphics. To je nutné udélat ruc¢né kdekoliv v souboru
clanek.Rnw.
\begin{figure} [ht]

\includegraphics{clanek-obril}

\caption{Popis obrazku}
\end{figure}
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Pouziti specidlniho adresafe, do kterého se ukladaji obrazky, umozni parametr
prefix.string.

prefix.string (text) — obsah proménné prefix.string se pouzije pri
tvorbé ndzvu soubort pifi nastaveni split=TRUE nebo f£ig=TRUE namisto ndzvu
hlavniho souboru Row.

Nastaveni prefix.string=obrazky/fig ulozi vSechny obrazky do adresate
obrazky a ndzvy obrizka budou slozeny ze znaku fig- a ndveésti (resp. porado-
vého ¢&fsla) bloku. Adresat obrazky musf v souborovém systému existovat.?

Funkce Sweave nemad piehled o tom, jak grafickd knihovna vytvaii obrazky,
takze neni mozné v jednom bloku vytvéret vice obrazku najednou. Tj. konstrukce
podobna nasledujici neni pripustna.
<<include=TRUE, fig=TRUE>>=
x <- rnorm(30)
boxplot (x)
hist (x)
¢]

Obrézky muzeme seskupit tak, ze kazdy z obrazki vykreslime ve zvlastnim
bloku s parametrem include=FALSE a vlozime je na spravnou pozici pomoci
includegraphics a moznosti ITEXu. Skupinu obrazku lze také vytvofit s vy-
uzitim vlastnosti programu R pomoci parametru mfrow
<<include=TRUE, fig=TRUE, width=4, height=1.5, echo=FALSE>>=
x <- rnorm(30) # generujeme ndhodnd data
y <- rnorm(30)
par(mfrow=c(1,2)) # obrazky zakreslime do matice

# s jednim Fadkem a dvéma sloupci

boxplot (x)
boxplot (y)
c]
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nebo funkce layout.
<<include=TRUE, fig=TRUE, width=4, height=2.5, echo=FALSE>>=

4Uzivatele TEXu nepiekvapi UNIXové notace pro oddélovace vnofenych adresaii.
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layout (matrix(c(1,1,2,3), byrow=TRUE, nrow=2))
# obrazky zakreslujeme do matice 2x2, kde prvni obrazek
# vypliiuje cely prvni radek a druhy a tfeti obrazek jsou
# umistény vedle sebe na druhém Fradku

plot(y ~ x)
boxplot (x)
boxplot (y)
c]
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Jako dalsi ptiklad pouziti funkce layout by mohlo slouzit napf.
> layout(matrix(c(1,3,2,1,4,4), byrow=FALSE, nrow=3))

kterému odpovidd schéma obrazka o dvou sloupcich a ti{ fadcich vyplnéné nasle-
dovné

1 1 1. obréazek
3 4 tj. 3. obrazek 4. obrézek
2 4 2. obrazek | O 0

Jak pro parametr mfrow, tak pro funkci layout se redukuje velikost fonta
v obrdzku. Napf. pro parametr mfrow programu R se v seskupenich 2 x 2 obrazku
velikost fontu nésobi koeficientem 0,83, pro tfi a vice fadka (sloupcu) se pouzije
koeficient 0,66.

Tabulky, matice

Pékné zformdtované tabulky a matice by mély byt samoziejmosti v kazdém
dokumentu vytvoreném TEXem. Balicek Sweave zZadnym zptusobem nefesi problém
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vytvareni tabulek a nechdva tuto ¢innost jinym specializovanym utilitdm. Piestoze
tento ¢lanek je vénovan zejména baliku Sweave, je vhodné vytvareni tabulek
v programu R alespon ¢astecné nastinit.

V R je podporovéan vystup tabulek do TEXu nékolika baliky. Asi nejpouzi-
vanéjsi by mohl byt balicek xtable. Funkce xtable objekty v R konvertuje na
TEXovské tabulky v prostfedi tabular. Lze takto napi. v R vytvofit tabulku
testu ANOVA (pifkaz aov) a pomoc{ xtable ji konvertovat.

<<echo=FALSE, results=tex, include=TRUE>>=
library(xtable)

xtable(aov(Petal.Width ~ Species, data=iris))
¢l

Do TgXovského souboru je vlozen kéd

% latex table generated in R 3.3.2 by xtable 1.8-2 package
% Tue Jan 3 17:17:03 2017
\begin{tablel} [ht]
\centering
\begin{tabular}{lrrrrr}
\hline
& Df & Sum Sq & Mean Sq & F value & Pr($>3$F) \\
\hline
Species & 2 & 80.41 & 40.21 & 960.01 & 0.0000 \\
Residuals & 147 & 6.16 & 0.04 & & \\
\hline
\end{tabular}
\end{table}

pfipraveny pro komplilaci TEXem s vysledkem:

Df Sum Sq Mean Sq F value Pr(>F)
Species 2 80.41 40.21  960.01 0.0000
Residuals 147 6.16 0.04

Funkci xtable lze vytvaret i jiné objekty IATEXu nez tabulky, napf. matice.
Vyuzijeme parametr tabular.environment funkce print.xtable. Ve funkci
xtable musime vymazat vypis zarovnani sloupcu (parametr align), zakdzat
vypis hlavicek u sloupcu a radku, zakdzat meziradkové linky a nedovolit, aby
vysledny objekt byl vnofeny do plovouciho prostiedi.
$$
<<echo=FALSE, results=tex, include=TRUE>>=
matice <- matrix(1:9, nrow=3)

Xmatice <- xtable(matice, align=rep("", ncol(matice)+1))
print (Xmatice,
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tabular.environment="pmatrix",
include.colnames=FALSE,
include.rownames=FALSE,
hline.after=NULL,
floating=FALSE)

W N =
O U
© 00

Problematika tabulek by zcela jisté zaslouzila podrobnéjsi pojednani.

Nacéitani dalSich souboru

Naéitani dalsich *.Rnw soubort pomoci TEXovského piitkazu \input neni mozné,
takto se da nacist jen Cisty TEXovsky kéd bez bloku. Pro nacteni noweb soubort,
které budou predlozeny programu R jako preprocesoru, je nutné pouzit sekvenci
\SweaveInput{soubor}. Vysledky po zpracovini programem R budou vSechny
vlozeny do jediného souboru *.tex. Program R samoziejmé bere v ivahu zmény
proménnych, které jsou provedeny podle zadani v nac¢itaném souboru.

Pokud piikazem \SweaveInput nac¢itidme soubory, které nejsou jen ¢isty ASCII
text, je tfeba nastavit typ kddovani pii volani funkce Sweave, tj. pouzit
Sweave ('soubor.Rnw', encoding='utf8")
nestaci jen pouzit v hlavnim *.Rnw souboru EXTEXovskou sekvenci
\usepackage [utf8] {inputenc}

Dalsi nastaveni

Funkce Sweave ukladd do souboru s piiponou tex obsah a vysledky vyhodnoceni
bloku (s parametry echo=TRUE, nebo results=verbatim) obklopené prostiedim
Schunk, coz je jen upravené prostiedi trivlist.
Pro vypis kédu na vstupu a vystupu pouzivd Sweave prostiedi Sinput

a Soutput zalozené na baliku fancyvrb a prostfedi Verbatim. Jejich tprava
je tedy pro uzivatele jednoduchd. Napft. nastaveni vypisu vysledku v tomto doku-
mentu je
\DefineVerbatimEnvironment{Soutput}{Verbatim}{%

fontshape=sl,

xleftmargin=0pt,

formatcom={\color{black}},

}

(0]



Pro ptehlednéjsi kod je dobré zmeénit chovani R pti vypisu rozdélenych dlou-
hych vstupnich fadka. V zdkladnim nastaveni se v R pokracovaci fddky na vstupu
znaci znakem +.

<<keep.source=TRUE>>= > x <- c(1,2,

x <- ¢c(1,2, + 3,4)
3,4)

Q

Lépe by bylo nastavit pokracovaci prompt ve vystupech na (dvé) mezery. Kéd
bude c¢itelnéjsi a v elektronické podobé lze kéd bez pokracovaciho promptu snadno
kopirovat a spoustét v programu R.

<<echo=FALSE, results=hide>>=
options(continue = " ")
@

a dostaneme

<<keep.source=TRUE>>= >x <- c(1,2,
x <- c(1,2, 3,4)
3,4)

¢l

V ¢eském jazykovém prostiedi je také vhodné pouzivat desetinou ¢arku na-
misto desetinné tecky, ¢ehoz docilime nastavenim
<<echo=FALSE, results=hide>>=
options(OutDec=",")
¢]

Pro uzivatele ,chytrych® programu na prohlizeni vystupu, propojenych s edi-
torem tak, aby na kliknuti mysi editor nastavil zdrojovy soubor na pozadované
misto (pfi kompilaci pdflatex --synctex=1), je urcen parametr

\SweaveOpts{concordance=TRUE}

ktery ulozi informace o tom, které fadky souboru Rnw odpovidaji za kterou oblast
souboru tex, aby propojeni bylo funkéni z prohlizece az ke zdrojovému textu
Rnw, a ne jen k mezistupni v souboru tex.

Zavér

Systém Sweave umoznuje psat dokumenty, ¢lanky nebo zpravy, obsahujici vy-
sledky vypoctu, tabulky a obréazky, které dynamicky méni podobu v zavislosti na
vstupnich datech. Pokud autor takovych dokumentu dd komunité k dispozici zdro-
jovy kéd dokumentu a vstupni data, je obrovskou vyhodou moznost opakovani
vypoctu a ovéreni spravnosti vysledku. Tento pristup je uziteény pii tymové praci
na vzniku dokumentu, kdy kazdy ¢len tymu ma k dispozici na jednom misté cely
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postup od dat az k findlni podobé ¢lanku. Po publikaci by pak zvefejnéni tohoto
dokumentu a dat mohlo zpruhlednit vznik celé védecké préce a usnadnit revizi
zavéru. V neposledni fadé mé také autor archivovany vSechny kroky a postupy
na jediném misté a nemusi spoléhat na vlastni pamét’, odkud pochazi ta ktera
hodnota, tabulka, ¢i obrazek v textu.
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Sazba textu oznackovaného v jazyce Markdown
uvnitlr TEpXovych dokumentt

l Vit NOovOTNY I

Clanek pojednéva o novém makrobaliku pro formaty odvozené od plain TEXu,
ktery umoznuje do sdzenych dokumenti primo vkladat pasdze v odlehceném
znackovacim jazyce Markdown. Autor popisuje motivaci pro vznik baliku a zpu-
sob, jakym balik pracuje. Pouziti je ilustrovano na piikladech.

Klicova slova: Markdown, odlehcené znackovani, Lua, plain TEX, ETEX,
ConTEXt, Pandoc

Uvod

TEX a pridruzené programy jsou vhodnym néastrojem pro sazbu mnoha druhu
dokumentu, nemusi vsak nutné byt vhodnym jazykem pro piipravu jejich ob-
sahu. Znackovaci jazyky zalozené na SGML a XML umoznuji zachytit strukturu
dokumentu, aniz by hrozilo riziko vneseni chybného ptikazu, ktery znemozni
sazbu, jako je tomu u TEXu. Podstatnou vyhodou je i fakt, ze dokumenty lze dale
publikovat a zpracovavat i mimo TEXovy svét. Pri pripravé hladsiho materialu
lze pak vyuzit i tzv. odlehcené znackovaci jazyky. Heslem dne je zde vizudlni
Cistota, snadny zapis a maly pomér znackovani vici textu. Jednim z odleh¢enych
znackovacich jazyk, pivodné urcenym pro pfipravu HTML dokumentd, je Mar-
kdown (GRUBER, 2013). Typickym néstrojem pro prevod Markdownu (a jeho
nejruzngjsich dialekti) do formatt TEXu je Pandoc (MACFARLANE, 2016).

Pandoc je viceticelovy nastroj, ktery umoznuje v prvni radé prevod Markdownu
na obecnéjsi jazyky (jako je BTEX, ConTEXt!, HTML nebo XML Docbook) a do
fady vystupnich formatu (jako je ODF, OOXML nebo PDF). Konfigurovat parametry
prevodu a priddvat dodatecna metadata lze skrz parametry zaddvané na prikazové
radce a skrz metabloky v jazyce YAML zapsané v zahlavi dokumentu. Pti prevodu
na obecnéjsi jazyky je Pandoc schopny generovat budto pouze fragmenty, které
uzivatel nasledné vlozi do téla svého dokumentu, nebo ucelené dokumenty. V dru-
hém piipadé dochazi k vyuziti Sablon, uvnitt kterych lze pouzivat i jednoduchy
makrojazyk; ten mé pristup k metadatim zadanym na prikazové fadce a v YAML
metablocich. Detailni rozbor schopnosti Pandocu ve vztahu k TEXu lze nalézt ve
starsim ¢ldnku z TUGboatu (DOMINICI, 2014).

1Program Pandoc podporuje pouze pievod do TEXovych forméatt ConTEXtu a IATEXu.
Jazyk Markdown je vSak natolik oblibeny, ze existuji i programy pro jeho prevod na makra
alternativnich makrobalikti. Takovéto podpore se t&s{ napf. balik OPmac (HORACEK, 2016).
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Pandoc je bezesporu silny a uziteény nastroj pri pripravé dokumentt s fadou
vystupnich formati. Z pohledu uzivatele, pro kterého je hlavnim vystupnim
formatem TEX, m4 vSak i mnozstvi slabin. P¥i pfevodu napriklad nelze jednoduse
ovlivnit vystupni makra. Pro nasledujici text v Markdownu:

# Uvod {#uvod}

[...]

Po zkuSenostech s~ndstrojem *Pandoc* jsem se rozhodl pripravit
\TeX ovy makrobalik, ktery by netrp&l neduhy zminénjymi

v~ [avodu] (#uvod) .

vygeneruje Pandoc 1.17.0.3 nasledujici X TEXovy vystup:

\hypertarget{uvod}{\section{Uvod}\label{uvod}}

[...]

Po zkuSenostech s~ndstrojem \emph{Pandoc} jsem se rozhodl
pripravit \TeX ovyj makrobalik, kterjy by netrpé&l neduhy zmin&njmi
v~\protect\hyperlink{uvod}{avodu}.

Uzivatel muze makra \hypertarget, \section, \label, \protect a \hyperlink
lokélné zadefinovat tak, aby jednotlivé markdownové znacky odpovidaly zamys-
lenému uziti; nema vSak garantovano, ze tento vystup zustane zachovan i v bu-
doucich verzich nastroje.

TEXové piikazy a jejich parametry jsou ve vystupnim dokumentu zacho-
vany beze zmény, coz autorovi umoznuje vnést do textu dokumentu chybné
prikazy, které znemozni sazbu. Pri pouziti stroje LualgXu bez volby -safer,
nebo TEXového stroje s povolenym pristupem k piikazové radce operacniho sys-
tému se pak jedna i o bezpecnostni riziko. Pro detekci TEXovych prikazi a jejich
parametru je pouzita heuristika; v textu, ktery neni vyhodnocen jako TEXovy
piikaz, jsou veSkeré specidlni znaky plain TEXu (véetné vinek) nahrazeny ké-
dem, ktery je v prislusném TEXovém formatu vysazi. Toto komplikuje vkladani
TEXovych piikazi, které nejsou ve forméatu \p¥ikaz{(parametr)}, a diky vyuziti
heuristiky neni garantovano, ze stejny vystup zlstane zachovan i v budoucich
verzich nastroje. Stejny problém suzuje i matematiku ve vstupnim dokumentu.

Knuthuv TEX je od roku 1989 pouze udrzovan. Dokumenty psané ve stabilnim
formatu, jako je plain TEX, a nezavislé na externich makrobalicich proto pfi pfe-
kladu TEXem davaji stejné vysledky nezavisle na verzi TEXové distribuce. Pokud
uzivatel vyuzije aktivné vyvijené TEpXové formaty, makrobaliky a stroje, vyzaduji
jiz dokumenty tdrzbu a s novymi verzemi TEXové distribuce se mtiize ménit jejich
vystup. Pokud vsak uzivatel ve svych dokumentech nevyuziva systémové fonty
ani makrobaliky spoustéjici programy mimo TEXovou distribuci, mél by obdrzet
pii prekladu se stejnou verzi TEXové distribuce stejné vysledky. Pandoc je externi
nastroj, ktery neni obsazen v TpXovych distribucich. Pfi jeho vyuziti tedy nedéva
ani verze TEXové distribuce garanci stabilniho vystupu prekladaného dokumentu.
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Dalsim z neprijemnych dusledkii odtrzeni Pandocu od TgXovych distribuci je
jeho absence na platformach vybudovanych nad TEXovymi distribucemi. Sluzby
jako http://overleaf.com/ a http://www.sharelatex.com/ umoznuji spolu-
praci nékolika autori na jednom IXTEXovém dokumentu v redlném case. Podobné
jako na wiki sitich, i zde by casto dévalo smysl vyuzit oklestény, ale snadno
pristupny format Markdownu.

Vznik makrobaliku Markdown

Po zkuSenostech s nastrojem Pandoc jsem se v listopadu roku 2015 rozhodl
ptipravit TEXovy makrobalik, ktery by netrpél neduhy zminénymi v tvodu.
Balik mél umoznit volné prokladat TEXovy zdrojovy kdéd textem naznackovanym
v Markdownu. Vykreslovani jednotlivych markdownovych znacek pak mélo byt
tizeno TEXovymi makry. Ty by sice obsahovaly rozumnou vychozi definici pro
prislusny TEXovy format, ale byly by snadno predefinovatelné uzivatelem.

Prvotni otédzkou bylo, jakou technologii pro vyvoj makrobaliku pouzit. V ra-
nych fazich ndvrhu jsem vytvoril prototyp pro plain TEX, ktery pomoci aktivnich
znaku rozpoznaval redukovanou variantu jazyka Markdown. Podobné baliky jiz
existuji (LUCK, 2015), ale typicky rozpoznédvaji pouze jednoduché reguldrni a LL(k)
gramatiky garantujici ¢asovou slozitost O(n) a prostorovou slozitost O(k). Jazyk
Markdown vsak obsahuje ostie kontextové prvky. Existujici parsery reprezentuji
jazyk PEG gramatikami, nebo provadi rekurzivni sestup, a na vybranych vstu-
pech dosahuji diky backtrackingu ¢asové slozitosti O(2"), nebo diky memoizaci
prostorové slozitosti O(n) (FORD, 2004, sekce 6).

Alternativou bylo napsat parser oddélené v jiném programovacim jazyce,
pripadné pouzit jiz existujici parser. Inspiraci mi byl ETEXovy makrobalik min-
ted (POORE, 2016), ktery slouz{ k zvyraznovan{ syntaxe zdrojovych kédu. Minted
predava zvyraznovany kod pythonové knihovné Pygments, kterd jej rozparsuje,
zvyrazni a vystup v ETEXu navrati zpét makrobaliku minted. Komunikace pro-
bihé skrz pomocné soubory a vystupn{ proud 18 (piikaz \writel8), pres ktery
moderni TEXové stroje zpristupnuji prikazovou fadku operac¢niho systému. Na-
misto Pythonu jsem vSak chtél pouzit jazyk Lua, jehoz interpret texlua se jiz
nachézi v TpXovych distribucich. V pripadé pouziti LuaTEXu by navic bylo
mozné kod spoustét primo, aniz by bylo tfeba vyuzivat \write18, jehoz povoleni
je bezpecnostnim rizikem.

Zacal jsem se pidit po existujicich parserech Markdownu psanych v jazyce Lua.
Podstatné pro mé bylo, aby parser zavisel vyhradné na knihovnach, které jsou
staticky prilinkované k stroji LuaTgXu, aby jej bylo mozné upravit a sublicencovat
pod LPPL 1.3 a aby parser vyhovoval specifikaci jazyka Markdown. Jako vyhovujici
se ukdzal balik Lunamark (MACFARLANE, 2012), ktery je shodou okolnosti dilem
autora nastroje Pandoc. Lunamark zévisel na knihovndch LPeg, Cosmo, Selene
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Unicode a Alt-getopt, z nichz klicovymi pro fungovani parseru byly LPeg a Selene
Unicode. Obé tyto knihovny byly staticky pfilinkovany k stroji LuaTgXu (LUATEX
DEV. TEAM, 2016, sekce 3.3). K6od baliku byl zaroven uvolnén pod permisivni
licenci MIT a mél k sobé pripojenou sadu kvalitnich regresnich testi.

Lunamark sestaval z 44 souboru v jazyce Lua. Jednalo se o moduly pro vystupni
formaty, spustitelné soubory tvorici rozhrani pro prikazovou radku a soubory
s pomocnymi definicemi. Z neaktivity na repozitarich Lunamarku a komunikace
s autorem bylo zfejmé, ze balik je jiz pouze udrzovan; mohl jsem tedy provést
vyrazné zmény, aniz bych si zaviral cestu k zaclenovani budoucich aktualizaci.
Balik jsem zredukoval na jeden Lua soubor vhodny pro zaneseni do TgXovych dis-
tribuci. Parser bylo tieba déle upravit tak, aby ve vstupu nerozpoznaval HTML kod
a aby na vystupu misto materidlu k sazbé navracel syntakticky strom vstupniho
dokumentu predstavovany TpXovymi makry. Na vyvoj byly vyhrazeny prostredky
v ramci programu pro podporu studentskych vyzkumnych a vyvojovych projektu
na Fakulté informatiky Masarykovy univerzity v Brné. Kolem pfepracovavaného
baliku jsem zacal budovat makrobalik pro TEXovy format plain TEXu a v zdjmu
uzivatelské piivétivosti i pro formaty ETEXu a ConTEXtu ve verzich Mark II
a Mark IV. Makrobalik jsem nazval Markdown. Prvni vefejnou verzi jsem na
archiv http://ctan.org/ umistil v ¢ervnu roku 2016 (NOVOTNY, 2016).

Architektura a pouziti makrobaliku Markdown

Rozhrani pro jazyk Lua

Na nejnizsi urovni je mozné balik vyuzivat z jazyka Lua. Rozhrani poskytuje
metody pro konverzi textu v kddovani UTF-8 a v jazyce Markdown do zdrojového
textu plain TEXu a je implementovano v souboru markdown . lua. Pokud vytvorime
soubor skript.lua s nasledujicim obsahem:

#/usr/bin/env texlua

local kpse = require"kpse"
kpse.set_program_name'"kpsewhich"

local markdown = require'"markdown"

local convert = markdown.new()

print (convert"Makrobalik jsem nazval *Markdownx.")

a prelozime jej piikazem texlua skript.lua, méli bychom obdrzet vystup v na-
sledujicim tvaru:

\input"./1cc0428cde58007078df6dfa2818ef75.md.tex" \relax

Soubor vklddany piikazem \input pak obsahuje nasledujici kod:

Makrobalik jsem nazval \markdownRendererEmphasis{Markdown}.\relax
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Uzivatel

I I

Rozhrani pro ConTEXt Rozhrani pro I TEX

I I

Rozhrani pro plain TEX

I

Rozhrani pro jazyk Lua

Obrazek 1: Blokovy diagram znézornujici architekturu baltku Markdown

Nasledujici kéd pak ilustruje pouziti rozhrani pro jazyk Lua v rdmci stroje
LuaTeXu pri pouziti TpXového formatu KTEXu:

\documentclass{minimal}

\usepackage{fontspec}

\begin{document}
\let\markdownRendererEmphasis=\emph
\directlua{

local markdown = require"markdown"
local convert = markdown.new()
tex.sprint(convert[[

Makrobalik jsem nazval *Markdownx.
1D}

\end{document}

Pokud dokument ulozime do souboru priklad.tex, pak pii pfekladu ptrikazem
lualatex priklad obdrzime na vystupu dokument obsahujici text: ,Makrobalik
jsem nazval Markdown.

Metodé markdown.new() lze jako prvni argument predat tabulku obsahujici
parametry prekladu z Markdownu. Dilezitym parametrem je volba hybrid, kterd
umoznuje konfigurovat, jakym zpusobem se parser chova k specialnim znaktm
plain TEXu ve vstupnim textu. Ve vychozim nastaveni parser veskeré specialni
znaky ve vstupu nahrazuje makry \markdownRenderer(Znacka), coZ je idedln{
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pro zpracovani externich dokumentii, kterym nechceme povolit spoustét TpXové
prikazy. Naopak pri ruc¢ni pripravé dokumentd nam mutze prijit vhod hybridni
rezim, ve kterém parser specidlni znaky plain TEXu ponechdvi beze zmény.
Nésledujici kéd v jazyce Lua:

#/usr/bin/env texlua
local kpse = require'kpse"
kpse.set_program_name'"kpsewhich"

local markdown = require'"markdown"

local convert_safe = markdown.new()
local convert_unsafe = markdown.new({ hybrid = true })
local input = [[

Vime, Ze $1+2=3$, ale \TeX{} nam to umozZni i~nadhernéd vysazet.

1]

print(convert_safe(input))
print (convert_unsafe (input))

nam dava pri prekladu interpretem texlua na vystupu dvojici dokumentt. V prv-
nim jsou veskeré vyskyty specidlnich znaku plain TEXu nahrazeny makry:

Vime, Ze \markdownRendererDollarSign{}1+2=37
\markdownRendererDollarSign{}, ale \markdownRendererBackslash{}/
TeX\markdownRendererLeftBrace{}\markdownRendererRightBrace{}

ndm to umozni i\markdownRendererTilde{}nadherné vysazet.\relax

Druhy je pak az na zavérecny \relax totozny se vstupem.

Nabidka znacek v zékladnim Markdownu je zna¢né omezend. Skrze parametry
prekladu lze proto aktivovat i rtznoroda rozsiteni syntaxe. V dobé piipravy
¢lanku balik podporuje rozsiteni pro citace, poznamky pod ¢arou, zdrojové kody
s vyznac¢enim nazvu programovaciho jazyka a defini¢ni seznamy:

#/usr/bin/env texlua
local kpse = require'kpse"
kpse.set_program_name'"kpsewhich"

local markdown = require'"markdown"
local convert = markdown.new({

citations = true, -- RozSiTent pro citace

footnotes = true, -- RozSirTeni pro pozndmky pod carou

fencedCode = true, -- RozSiTent pro zdrojové koédy

definitionLists = true, -- RozSirTeni pro definicéni seznamy
b
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local input = [[
0doe09 tvrdi, Ze Casovd slozitost nasledujiciho TFadiciho
algoritmu je linedrné& logaritmicka[“sleepsort]:

“TT sh
#!/bin/sh
for N; do
(sleep $N; echo $N) &
done

["sleepsort]: Kvadraticka, pokud uvdZime praci planovace jadra.
Zaba

slizka

zelena [viz -@smithl12, s. 123]

kvakajici

1]

print (convert (input))

Pri prekladu interpretem texlua pak obdrzime nasledujici dokument:

\markdownRendererTextCite{1}+{}{}{doe09} tvrdi, Ze Casova
sloZzitost nésledujiciho Fadiciho algoritmu je linedrné
logaritmicka\markdownRendererFootnote{Kvadraticka, pokud uvazZime
préaci planovaée jadra.}:\markdownRendererInterblockSeparator
{}\markdownRendererInputFencedCode{./04602c8f5c223967cfe7aa8282d/
6£82f . verbatim}{sh}\markdownRendererInterblockSeparator
{}\markdownRendererD1BeginTight\markdownRendererDlItem{Z&abal}/
\markdownRendererDlDefinitionBegin slizka/
\markdownRendererDlDefinitionEnd
\markdownRendererDlDefinitionBegin zelena \markdownRendererCite
{1}-{viz}{s.\markdownRendererNbsp{}123}{smith12}/
\markdownRendererD1DefinitionEnd
\markdownRendererDlDefinitionBegin kvakajici/
\markdownRendererDlDefinitionEnd\markdownRendererD1ItemEnd
\markdownRendererD1EndTight\relax

Vyéet zndmych parametri nalezneme v dokumentaci (NOVOTNY, 2016, sekce 2.1.2).

84



Rozhrani pro plain TEX
Pokud zamyslime vystup parseru bezprostredné sazet, mizeme s vyhodou vyuzit
plainTEXové rozhrani, které nas odstini od komunikace s interpretem jazyka Lua.
To ocenime predevsim pri praci s TEXovymi stroji, které skriptovani v jazyce Lua
piimo neumoziuji (pdfTEX, XqTEX). PlainTEXové rozhrani je implementovano
v souboru markdown.tex, ktery zavedeme pomoci ptikazu \input markdown.
Rozhrani definuje makra \markdownRenderer(Znacka), kterd se mohou na-
chazet ve vystupu metod luového rozhrani. Makra \markdownRenderer(Znacka)
implicitné expanduji na makra \markdownRenderer(Znacka)Prototype, kterd
pak obsahuji vychozi definici pro jednotlivé markdownové znacky. Toto rozdéleni
mé nésledujici vyznam: makra \markdownRenderer(Znacka) jsou urcena k pre-
definovani{ uzivatelem, zatimco makra \markdownRenderer(Znacka)Prototype
jsou urcena pro tvirce makrobaliki. Ti jim mohou nastavit vychozi hodnoty,
které povazuji za rozumné, aniz by mohlo dojit k prepsani uzivatelovy konfigurace:

/4 Tento makrobalik slouZi pro sazbu kuchafskjch recepti.

\def\nadpis#1{Recept: #1}

Zl...]

\ifx\markdownVersion\undefined\else
\let\markdownRendererHeadingOnePrototype=\nadpis

\fi

Uplny vycet znacek lze nalézt v dokumentaci (NOVOTNY, 2016, sekce 2.2.3).
PlainTgXové rozhrani rovnéz poskytuje piistup k parametrim piekladu z lu-

ového rozhrani. Konkrétné plati, Ze pro libovolny (parametr) je dostupné makro

\markdownOption(Parametr), které muze uzivatel predefinovat a ovlivnit preklad:

\def\markdownOptionHybrid{true}/
\def\markdownOptionFencedCode{truel}/

Kromé parametri prekladu umoznuje plainTgXové rozhrani nastavovat i dalsi

parametry, které souvisi s komunikaci s interpretem jazyka Lua. Uplny vycet

rozpoznavanych maker lze nalézt v dokumentaci (NOVOTNY, 2016, sekce 2.2).
Text v Markdownu lze zapsat mezi piikazy \markdownBegin a \markdownEnd:

\input markdown
\def\markdownRendererEmphasis#1{\it#1}/
\markdownBegin

Makrobalik jsem nazval *Markdownx.
\markdownEnd
\bye

Pokud dokument ulozime do souboru priklad.tex, pak pri prekladu pfikazem
pdfcsplain -shell-escape priklad obdrzime na vystupu dokument obsahu-
jici text ,,Makrobalik jsem nazval Markdown.
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S pouzitim pfikazi \markdownBegin a \markdownEnd se poji nékolik nedo-
statkt. Markdown naptiklad umoznuje do vystupu vlozit fadkovy zlom tak, zZe
uzivatel na konec fadku ve vstupu pridd dvé a vice mezer. V TEXu jsou vsak
veskeré mezery na konci fadku zahozeny jesté pred tim, nez se text objevi ve
vstupnim bufferu (KNUTH, 1986, strana 46). Pfi pouzit{ piikazti \markdownBegin
a \markdownEnd je vstupni text v Markdownu nacitdn TEXem a fadkové zlomy
tedy neni mozné detekovat. Dalsi drobné nedostatky piikazti \markdownBegin
a \markdownEnd jsou popsdny v dokumentaci (NOVOTNY, 2016, sekce 2.2.1).

Pokud mame markdownovy text ulozeny v externim souboru, mizeme jej do
TEXového dokumentu vlozit pomoci prikazu \markdownInput:

\input markdown
\markdownInput{priklad.md}/
\bye

Nedostatky spojené s pouzitim pfikazii \markdownBegin a \markdownEnd se na
prikaz \markdownInput nevztahuji.

Rozhrani pro BETEX
TEXovy forméat BTEXu implementuje vétsinu maker plain TEXu (BRAAMS et al.,
2016, sekce 9). V ramci IATEXu vSak nelze pouzivat primo plainTEXové rozhrani:

\documentclass{article}
\usepackage [utf8]{inputenc}
\input markdown
\begin{document}
\markdownBegin
Makrobalik jsem nazval *Markdownx.
\markdownEnd
\end{document}

Pokud dokument ulozime do souboru priklad.tex, pak pii pfekladu ptrikazem
lualatex priklad obdrzime nasledujici chybu:

Module luatexbase Error: Attempt to use callback.register()
(luatexbase) directly on input line 6

PlainTEXova implementace pro LuaTEX vyuziva pfi nacitani vstupniho textu ha-
¢ek process_input_buffer (LUATEX DEV. TEAM, 2016, sekce 8.3.1). NTEX vSak
pro nacitani textu poskytuje vlastni rozhrani (BRAAMS et al., 2016, sekce 73.4).

Pokud dokument prelozime piikazem pdflatex -shell-escape priklad,
obdrzime nasledujici chybu:

! Package inputenc Error: Unicode char 7kj (U+E2)
(inputenc) not set up for use with LaTeX.
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1.1 Makrobal?k j
sem nazval \markdownRendererEmphasis{Markdown}...

PlainTEXova implementace pro stroj pdfTEXu je schopna si poradit se specialnimi
znaky plain TEXu ve vstupu, ale nepocitd s pouzitim ¥TEXového baliku inputenc,
ktery pocatecni bajty znakt mimo ASCII u¢ini TEXovymi aktivnimi znaky.

Z téchto duvodi je vhodné pouzit piimo I#TEXové rozhrani. To je implemen-
tovano v souboru markdown.sty, ktery zavedeme pomoci prikazu \usepackage
[(parametry)]{markdown}. Jak zndzorniuje obrazek 1 ze str. 82, zavadi NTEXova
implementace zaroven plainTEXovou implementaci. Mtuzeme tedy primo pouzivat
makra z plainTEXového rozhrani:

\documentclass{article}
\usepackage [utf8]{inputenc}
\usepackage [T1] {fontenc}
\usepackage{markdown}
\let\markdownRendererEmphasis=\emph
\begin{document}
\markdownBegin

Makrobalik jsem nazval *Markdownx.
\markdownEnd
\end{document}

Pokud dokument ulozime do souboru priklad.tex, pak pii prekladu prikazy
lualatex priklad nebo pdflatex -shell-escape priklad obdrzime na vy-
stupu dokument obsahujici text: ,Makrobalik jsem nazval Markdown.

Nad uroven plainTEXového rozhrani zavadi I#TEXové rozhrani navic pri-
kaz \markdownSetup{(parametry)}, WTEXovéd prostiedi \begin{markdown}...
\end{markdown} a \begin{markdown*}{(parametry)?}... \end{markdown*} a za-
kryva plainTgXovy piikaz \markdownInput{(vstupni soubor)} svym piikazem
\markdownInput [{parametry)]{(vstupni soubor)}.

Pomoci piikazi \usepackage [{parametry)]{markdown} a \markdownSetup
{{parametry)} miuZzeme nastavovat parametry prekladu z luového rozhrani:

\usepackage [

citations, 4% RozSitTent pro citace

footnotes, 4% RozSiTent pro poznamky pod carou
1{markdown}
\markdownSetup{

fencedCode, 4% Roz3iteni pro zdrojové kédy

definitionLists, 7/ RozsiTeni pro definicéni seznamy

}

87



Stejné tak mutzeme pomoci parametri renderers a rendererPrototypes na-
stavovat makra z plainTEXového rozhrani ve tvaru \markdownRenderer(Znacka)
a \markdownRenderer(Znacka)Prototype:

\markdownSetup{
renderers = {
emphasis = {\emph{#1}},
}, rendererPrototypes = {
link = {\href{#1}{#3}},
}
}

Vzhledem ke zpusobu, jakym KTEX2¢ ¢te parametry piikazu \usepackage
[(parametry)]{markdown}, nemohou (parametry) obsahovat viceodstavcovy text
ani argumenty maker (napriklad #1). V praxi toto ¢ini parametry renderers
a rendererPrototypes nepouzitelnymi, a proto jsou v ramci piikazu \usepackage
zakazany

TEXové prostiedi \begin{markdown}...\end{markdown} je svou funkci to-
tozné s prikazy \markdownBegin a \markdownEnd z plain TEXového rozhrani. Za-
jimavéjsimi pro nas budou I TEXové prostiedi \begin{markdown*}{(parametry)}
... \end{markdown*} a pifkaz \markdownInput [{parametry)]{(vstupni soubor)},
které ndm podobné jako piikaz \markdownSetup{(parametry)} umoznuji nastavo-
vat parametry prekladu z luového rozhran{ a makra \markdownRenderer({Znacka)
a \markdownRenderer(Znacka)Prototype z plainTgXového rozhrani:

\documentclass{article}

\usepackage [utf8]{inputenc}

\usepackage [T1]{fontenc}

\usepackage{markdown}

\markdownSetup{renderers = {
emphasis = {\textbf{#1}},

1

\begin{document}

\begin{markdown*}{renderers = {
emphasis = {\emph{#1}}

1}

Makrobalik jsem nazval *Markdownx.
\end{markdownx*}
\begin{markdownx*}{hybrid}

Vime, Ze $1+2=3%, ale \TeX{} ném to

umoZni i~n&dherné *vysézet*.
\end{markdownx*}
\end{document}
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Pokud dokument ulozime do souboru priklad.tex, pak pii prekladu prika-
zem pdflatex -shell-escape priklad obdrzime na vystupu dokument obsa-
hujici text ,Makrobalik jsem nazval Markdown. Vime, ze 1 + 2 = 3, ale TEX
nam to umozni i nddherné vysazet. Vidime, ze parametry I¥TEXového pro-
stiedi \begin{markdown*}{(parametry)}... \end{markdown*} jsou zpracovany
zpusobem, ktery odpovida nasi intuici, a maji pouze lokalni platnost. Prikaz
\markdownInput [(parametry)]{{vstupni soubor)} se chové analogicky.
ETEXové rozhrani se snazi nastavit rozumné vychozi hodnoty pro makra
\markdownRenderer(Znacka)Prototype z plainTEXového rozhrani. P¥i béZném
pouziti proto mizeme konfiguraci baliku preskocit a rovnou se pustit do psani. Vy-
chozi hodnoty maker jsou popsany v dokumentaci (NOVOTNY, 2016, sekce 3.3.4).

Rozhrani pro ConTEXt
TEXové formaty ConTEXt Mark II a Mark IV implementuji vétsinu maker plain
TEXu. Podobné jako u IXTEXu vsak nelze pouzivat primo plainTEXové rozhrani:

\input markdown
\starttext
\markdownBegin
Makrobalik jsem nazval *Markdownx.
\markdownEnd
\stoptext

Pokud dokument ulozime do souboru priklad.tex, pak pri prekladu prikazem
texexec --passon=-shell-escape priklad obdrzime nésledujici chybu:

! Undefined control sequence.
\markdownReadAndConvert ...de ~##1=12}\dospecials

\catcode ~\ ..
1.3 \markdownBegin

TEXovy format ConTEXt Mark II nedefinuje plainTgXovy prikaz \dospecials.
Pokud definici doplnime:

\input markdown

\def\dospecials{\do\ \do\\\do\{\do\}\do\$\do\&/
\do\#\do\~\do\_\do\%\do\~1}%

\starttext

\markdownBegin
Makrobalik jsem nazval *Markdownx.

\markdownEnd

\stoptext
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a preklad opakujeme, podafi se nam jiz preklad dokoncit. Pokud vsak dokument
prelozime prikazem context priklad, obdrzime v termindlu nasledujici varovani:

system> callbacks > not registering frozen ’process_input_buffer’

a preklad nikdy neskonéi. PlainTEXova implementace vyuziva pfi nacitani vstup-
niho textu v stroji LuaTEXu hacek process_input_buffer (LUATEX DEV. TEAM,
2016, sekce 8.3.1). Podobné jako IATEX vSak formét ConTEXt Mark IV hacky
LuaTEXu vyuziva interné a pro nacitani textu poskytuje vlastni rozhrani.

Z téchto divodi je vhodné pouzit pfimo ConTEXtové rozhrani. To je imple-
mentovano v souboru t-markdown.tex, ktery zavedeme prikazem \usemodule
[t] [markdown]. Jak zndzornuje obrazek 1 ze str. 82, zavadi ConTEXtova im-
plementace zaroven plainTgXovou implementaci. Mtzeme tedy piimo pouzivat
makra z plainTEXového rozhrani:

\usemodule [t] [markdown]
\let\markdownRendererEmphasis=\emph
\starttext
\markdownBegin

Makrobalik jsem nazval *Markdownx.
\markdownEnd
\stoptext

Pokud dokument ulozime do souboru priklad.tex, pak pri prekladu prikazem
texexec --passon=-shell-escape priklad nebo context priklad obdrzime
na vystupu dokument obsahujici text: ,Makrobalik jsem nazval Markdown.*

Nad troven plainTEXového rozhrani zavadi rozhrani pro ConTEXt piikazy
\startmarkdown a \stopmarkdown, které jsou svou funkci totozné s prikazy
\markdownBegin a \markdownEnd z plainTEXového rozhrani. Kromé téchto maker
neni pro ConTEXt definovano zadné dalsi rozsifujici rozhrani.

Podobné jako I¥TEXové rozhrani se i rozhrani pro ConTEXt snazi nastavit
rozumné vychozi hodnoty pro makra \markdownRenderer(Znacka)Prototype
z plainTEXového rozhrani. Pfi bézném pouziti proto mizeme konfiguraci baliku
preskocit a rovnou se pustit do psani. Vychozi hodnoty maker jsou popsany
v dokumentaci (NOVOTNY, 2016, sekce 3.4.3).

Specifika ceskoslovenské sazby

V cestiné a slovenstiné je typografickou chybou ponechat neslabi¢né predlozky
(k, s, v, z) na koncich fadki. V TgXu tento problém fesime rucnim vloze-
nim nezlomitelné mezery mezi predlozku a nasledujici slovo, pouzitim programu
vina (OLSAK, 2010), nebo pouzitim KTEXovych makrobalikii XgVIna (WAGNER,
2013) a encxvina (OLSAK; WAGNER, 2014).
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Pokud pro preklad dokumentu vyuzivajictho makrobalik Markdown pouzijeme
stroj XHIEX, nebo encTEX, sta¢i ndm zavést makrobaliky X3VIna, nebo encxvina
a nezlomitelné mezery budou automaticky doplnény na ptislusnd mista. Stejné
tak muazeme, pokud makrobalik Markdown pouzivame v hybridnim rezimu, vlozit
do dokumentu nezlomitelné mezery ru¢né nebo pomoci programu vina.

Pokud vsak makrobalik Markdown pouzivime mimo hybridni rezim a zaroven
pro sazbu nevyuzivame stroje XgfITEX a encTEX, stava se vkladani nezlomitelnych
mezer mirné komplikovanéjsim. Pri prekladu z Markdownu se totiz veskeré znaky
vinky (v plain TgXu predstavujici nezlomitelné mezery) na vstupu prelozi na
makro \markdownRendererTilde, které ve vychozim nastaveni znak vinky vysazi.

vvvvvv

tak, aby expandovalo na nezlomitelnou mezeru:

\input markdown
\let\markdownRendererTilde=~
\markdownBegin
Nyni v~textu mohu zadavat nezlomitelné mezery.
\markdownEnd
\bye

Pokud dokument ulozime do souboru priklad.tex, pak pri prekladu prikazem
pdfcsplain -shell-escape priklad obdrzime na vystupu dokument obsahu-
jici text ,,Nyni v-textu mohu zaddvat nezlomitelné mezery.“ Nevyhodou tohoto
feSeni je, ze autorovi dokumentu upirdame moznost vysazet znak vinky.

Pokud nés to trapi, muzeme se uchylit k alternativnimu feseni. Makro-
balik Markdown si pfelozené soubory odkldda do adresafe zadaného makrem
\markdownOptionCacheDir (NOVOTNY, 2016, sekce 2.2.2.1), které implicitné
expanduje na _markdown_\jobname. Toho vyuzijeme v nasledujicim dokumentu:

\input markdown
\markdownBegin
Nyni v textu mohu pouzZivat vlnky: ~.
\markdownEnd
\bye

Pokud dokument ulozime do souboru priklad.tex a prelozime jej piikazem
pdfcsplain -shell-escape priklad, pak ndm v adresafi _markdown_priklad
vznikne soubor s ndzvem ve tvaru (has vstupu) .md . tex a s nasledujicim obsahem:

Nyni v textu mohu pouzivat vlnky: \markdownRendererTilde{}.\relax

Pokud tento soubor zpracujeme programem vina a opét dokument prelozime prika-
zem pdfcsplain -shell-escape priklad, pak makrobalik Markdown pouzije
nas upraveny soubor _markdown_priklad/(ha$ vstupu).md.tex a na vystupu
obdrzime dokument obsahujici text: ,Nyni v-textu mohu pouzivat vinky: ~*
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Summary: Rendering Markdown inside TEX Documents

The article describes a new package for plain TEX derivatives that enables the
direct inclusion of Markdown-formatted text into TEX documents. The author
describes their motivation for the creation of the package and its inner workings.
The usage of the package is explained through example.
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Elektronické knihy a systém TpX4ebook

‘l MicHAL HOFTICH I

Clanek pojednavé o konverzi dokumentt vytvofenych v TEXu do forméta elek-
tronickych knih, pfedevsim Epub 3. Na konkrétnich prikladech jsou ukéazany
moznosti uzptsobeni pribéhu konverze a vzhledu vysledného e-booku.

Klicova slova: e-knihy, TeX4ht, HTML, konverze.

Elektronické knihy

Elektronické knihy (e-booky) se rozvijeji predevsim od 70. let 20. stoleti, kdy byl
spustén projekt Guttenberg, jehoz cilem je digitalizace knih a textu, na které
se nevztahuji autorska prava. Prudky rozvoj nastal od 90. let, kdy se objevily
osobni digitélni asistenty (PDA) a masovéji se rozsifily osobni pocitace. Zpocatku
je tvorili predevsim nadsenci, komerc¢ni vydavatelstvi pouze pomalu ztracela
nedtvéru. V roce 2004 se objevila prvni ctecka s displejem s elektronickym
inkoustem (e-ink), o t¥i roky pozdéji internetovy obchod Amazon predstavil svoji
¢tecku Kindle a nastal velky komercni rozvoj.

Hlavnimi vlastnostmi e-booku jsou flexibilita zobrazeni, nebot je tfeba, aby
Sly zobrazit na radé zafizeni s riuznou velikosti a vlastnostmi displeje, moznost
upravit vlastnosti zobrazeni, jako je velikost nebo barva pisma podle potieb
konkrétniho ¢tenare. Nékteré ctecky také umoznuji predcitani textu technologii
text to speech.

V pribéhu vyvoje se objevilo mnozstvi formatt e-bookt, v dnesni dobé jsou
nejrozsitenéjsimi Epub, z ného vychéazejici Epub 3 a Mobi, pouzivany Amazonem.
Tyto forméty v podstaté vychézi z formata HTML a CSS, bézné pouzivanych
na WWW strankach, a pomocnych metadat. Forméat Mobi se vytvari kompilaci
Epubu programem Kindlegen, ktery Amazon poskytuje pro Windows, Mac OS
i Linux.

Vyhodou Epubu je jeho Siroka podpora nejruznéjsi skalou zafizeni a programu,
které ovsem casto podporuji pouze nékteré jeho vlastnosti, casto maji problém
napriklad s CSS styly, takze formatovani e-booku muze byt zcela rozdilné, nez
autor zamyslel. Nejlepsi vyuziti Epubu je pro jednoduchy text bez slozitéjsiho
forméatovani, naptiklad pro beletrii nebo literaturu faktu.

Totéz plati v podstaté i o formatu Mobi, ktery vznika konverzi z Epub. Vlastné
se jednd o dva forméaty v jednom, nebot Kindlegen vytvari verzi pro noveéjsi
i starsi verzi svych zarizeni. Amazon pro autory pripravil dokument Kindle design
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guidelines, ve kterém konkrétné specifikuje, jakym zptisobem by mél byt zdrojovy
Epub soubor pripraven, aby konverze probéhla nejlepsim zptisobem.

Protoze format Epub vznikal zivelné a jeho implementace ve ¢tecich zarizenich
je nejednotnd, organizace IDPF (IDPF, 2016) vytvofila standard Epub 3. Ten by
mél mimo jiné zlepsit podporu pro technické publikace nebo pro asistencéni sluzby
pro Ctenare se specifickymi potfebami. Tento format bude tedy pro uzivatele TpXu
patrné nejzajimavéjsi, ovsem je tfeba zminit, ze prestoze je tento format standar-
dizovany, Cteci zatizeni zdaleka nepodporuji vsechny jeho vlastnosti. V soucasné
dobé vznika jeho nova verze, Epub 3.1, kterd obsahuje opét pomérné zasadni
zmeény, ovSem zatim nebyla pfedstavena findlni verze, proto se jim nebudeme déle
zabyvat.

Uzitecnymi vlastnostmi Epub 3 pro technické publikace jsou podpora MathML
pro sazbu matematiky,! podpora SVG pro vektorové obrazky, podpora Java-
Scriptu, kterd umoznuje tvorbu interaktivnich prvki, vkladani fonta do doku-
mentu. Vyznamnou zmeénou jsou nové HTML elementy pro znackovani logické
struktury dokumentu (napiiklad pozndmky pod ¢arou, bibliografie, rejstiik).
Format SMIL umoznuje vkladani multimedidlniho obsahu.

Patrné nejzajimavéjsi ukdzkou moznosti Epub 3, kterda v soucasnosti exis-
tuje, je projekt Aeneas (PETARIN, 2016), ktery umoziiuje synchronizovat ¢tenou
verzi knihy s jejim textem. Takto pripravené e-booky lze ¢ist v aplikaci, Mene-
strello (PETARIN, 2016), kterd zvyrazituje pravé predéitany text. Je to vynikajici
pomiicka napiiklad pro procvic¢ovani vyuky jazyku.

Konverze TEXu na e-book

Kvuli stale rozsifenéjsimu ¢teni text z elektronickych zafizeni, at jiz jsou to
PC, mobilni telefony, tablety nebo e-ink ¢tecky, vznikd potieba konverze z TEXu
do e-bookt. VSechny zminéné formaty jsou v podstaté balicky WWW stranek
s pridanymi metadaty, takze tato tloha se v podstaté sklada z konverze z TEXu
do HTML, pridani nezbytnych metadat a zabaleni vyslednych soubora do e-
-bookového formétu.

Pro konverzi TEXu do HTML se d& pouzit fada néstrojl, nejrozsirenéj-
§imi jsou LaTeX2HTML (DrAKOS, 2016), LaTeXML (MILLER, 2016), Pan-
doc (MACFARLANE, 2016) a TgX4ht (GURARI, 1997). Prvni t¥i z nich jsou
zalozené na zpracovani TEXového dokumentu externim programem, ktery se snazi
rozpoznat pouzitd makra a prevést je na HTML. LaTeXML je z nich nejpokro-
¢ilejsi, nebot emuluje TEXovou expanzi maker, a podporuje tudiz i uzivatelskd
makra a balicky. Zbylé dva systémy podporuji predevsim zakladni prikazy I TEXu

1V ostatnich formdtech je tfeba pouzivat obrazky, coz je predevsim pro matematiku vloZenou
v textu nevhodné feseni.
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a se slozitéjsimi dokumenty mohou mit problém. VSechny podporuji pouze KTEX,
jiné formaty nikoli.

TEX4ht je sada maker, kterd se automaticky nacitda do dokumentu a upravuje
definici jednotlivych piikazu tak, aby bylo mozné vkladat formatovaci znacky
podporovanych vystupnich forméta (kromé HTML je to predevsim OpenDo-
cument Format, TEI nebo Docbook). Diky tomu, Ze pro pteklad je pouzivany
samotny TEX, nemél by byt problém s uzivanim uzivatelskych maker a balicku.
Kromé ETEXu podporuje i jiné formaty, naptiklad Plain, ovSem u nich mize byt
treba upravit dokument. Pro preklad je mozné pouzit soucasné nejpouzivanéjsi
TEXové enginy, tedy pdfTEX, XHIEX a LuaTEX. Systém vytvarel Eitan Gurari,
po jeho smrti vyvoj prevzal Karl Berry, CV Radhakrishnan a autor ¢lanku. Pravé
TEX4ht je pouzit jako zaklad pro TgX4ebook (HOFTICH, 2016A), systém pro
konverzi TEXu na e-booky.

TEX4ebook

TgX4ebook je systém pro konverzi TgXu do formatt Epub, Epub 3 a Mobi, hlavni
daraz je kladeny na Epub 3. Hlavni vyhodou oproti pouhé konverzi TEXu do
HTML a jeho nasledné konverzi na e-book externimi nastroji je moznost ziskdni
riznych metadat piimo ze zpracovavaného dokumentu. Systém emuluje zdkladni
postup kompilace pouzivany TEX4ht a pridava nékolik krokt navic. Cely postup
je konfigurovatelny s pouzitim sestavovaciho skriptu.

Zékladni postup je shodny s TEX4ht a sestava ze tii kroku:

1. Kompilace dokumentu TgXem. Jesté pred nactenim dokumentu je nahran

balicek tex4ht.sty, ktery fidi dalsi postup zpracovani dokumentu. Pro
kazdy nacteny balicek se testuje existence souboru s pifiponou .4ht, ktery,
pokud existuje, je nacten po skonceni preamble dokumentu. V tomto kon-
figuracnim souboru se mohou predefinovavat makra a vkladaji se do nich
takzvané hdcky. Po nahrani vSech .4ht soubort pro pouzité balicky jsou na-
hrany soubory s konfiguraci pro dany vystupni format. Obsahuji instrukce,
které jsou vlozeny do hacku definovanych v predeslém kroku. Hécky je také
mozné konfigurovat pomoci konfigura¢niho souboru, ktery bude popsany
déle.
Kompilace je spousténa nékolikrat, protoze jsou vyuzivany pomocné soubory
pro tvorbu hypertextovych odkaz. Obycejné jsou treba t¥i kompilace, aby
vsechny odkazy fungovaly spravné, ve vyjimecénych pripadech mutze byt
tfeba i vice kompilaci.

2. Zpracovani DVI souboru pfikazem tex4ht. Tento prikaz vytvari vystupni
soubory, prevadi ruznd vstupni kddovani na UTF-8 a vytvari dva pomocné
soubory: .idv soubor je specidlni soubor ve formatu DVI, ktery obsahuje
stranky, které maji byt prevedeny na obrazky. Jedna se napiiklad o prostiedi

96



picture IXTEXu, nebo matematiku, pokud neni prevadéna do forméatu
MathML. soubor .1g obsahuje seznam vystupnich soubort, CSS instrukce
a instrukce pro kompilaci jednotlivych stranek v .idv souboru na obréazky.

3. Zpracovani .1lg souboru prikazem t4ht. V tomto kroku je vytvoren CSS
soubor, dochdzi ke konverzi obrazku a vystupni soubory mohou byt predany
externim programim k dalSimu zpracovani.

TEX4ht pouziva pro kompilaci fadu skriptu, které se lisi pouzitym TEXovym
formatem, enginem a vystupnim formatem. Vsechny provadi tii kompila¢ni kroky
popsané vyse a predavaji jednotlivym prikaziim argumenty v uvozovkach. Napri-
klad pro vytvoreni dokumentu ve formatu XHTML a kédovani UTF-8 je mozné
pouzit nasledujici prikaz:
htlatex filename.tex "xhtml,charset=utf-8" " -utf8 -cunihtf"

Yo v

Tento postup neni uplné uzivatelsky privétivy, proto TEX4ebook umoznuje
pouzit pro zédkladni konfiguraci prepinace, znamé z béznych prikazi uzivanych
napriklad v Linuxu.

tex4ebook -f epub3 filename.tex

Tento piikaz vytvori soubor filename.epub ve formatu Epub 3, kédovani
UTF-8 je pouzito automaticky.

Hlavni rozdil TEX4ebook oproti TEX4ht spociva ve tfetim kompila¢nim kroku.
Prikaz t4ht je pouzit pouze pro vytvoreni CSS souboru, konverzi obrazku a spous-
téni externich prikazu {di TEX4ebook sdm. Kromé toho je mozné spoustét prikazy
mezi jednotlivymi kompilacemi TEXu, napiiklad po prvni kompilaci a tvorbé po-
mocnych soubort je mozné spustit prikazy pro tvorbu rejstiiku a bibliografie.

Postup kompilace 1ze ¥{dit pomoci sestavovacich skripttt Make4ht (HOFTICH,
2016B). To je sestavovaci program pro TpX4ht, ktery ptvodné vznikal jako
soucast TEX4ebook, ale postupné se vyvinul do samostatné aplikace a knihovny,
ktera nahrazuje skripty pouzivané pro kompilaci TEX4ht.

Sestavovaci skripty jsou programy v jazyce Lua:

local filter = require "make4ht-filter"
local process = filter{"hruletohr"}
Make:add("biber","biber ${inputl}")
Make:htlatex{}

Make:biber {}

Make:htlatex {}

Make:image ("png$",

"dvipng -bg Transparent -T tight -o ${outputl}"..
"-pp ${page} ${source}")
Make:match("html$",process)
Make:match("html$",

"tidy -m -utf8 -asxhtml -q -i ${filename}")
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Pomoci prikazu Make:add("biber", "biber ${input}") definujeme piikaz
Make:biber, ktery mizeme pouzit pro tvorbu bibliografie s balickem Biblatex.
Druhy argument piikazu Make:add je Sablona s ptikazem, ktery se spusti. Pro-
ménné definované Makedht se vkladaji pomoci konstruktu ${jméno}, proménnd
input obsahuje nazev zpracovavaného souboru.

Argumenty ve slozenych zavorkach pro prikazy Make:htlatex a Make:biber
jsou tabulky, ve kterych miuzete nastavit hodnoty proménnych uzivanych v sab-
lonéach, pokud byste napf. chtéli pouzit bibliografii z jiného souboru, lze pouzit:
Make:biber {input = "jinysoubor"}

Prikazy Make:image a Make :match se spousti na vystupnich souborech. Jejich
prvnim argument je regularni vyraz, kterym se testuji jména souborii, druhym je
prikaz, ktery se spusti, pokud jméno souboru vyhovuje hledanému vzoru. Prikaz
muze byt jednak Sablona s programem, jednak Lua funkce.

P1i konverzi obrazku se pouzivaji proménné, které nejsou k dispozici v kom-
pilacnich piikazech, konkrétné source obsahuje jméno .idv souboru, output je
nazev obrazku a page udava c¢islo stranky v .idv souboru.

Prikaz Make :match umoznuje ménit vystupni soubory. Proménna filename
obsahuje nazev vystupniho souboru. V nasem pripadé je tento prikaz spustén
dvakrat, prvni priklad ukazuje pouziti filtru, které jsou funkce v jazyce Lua.
V tomto pripadé se jednd o filtr, ktery napravuje problém zpisobeny prikazem
\hrule, jenz TEX4ht nemuze redefinovat, a v HTML souboru se projevi jako
rada znakt _. Jako argument pro prikaz filter lze zadat vice filtrii, kromé
preddefinovanych, jako je hruletohr, lze zadat i vlastni funkce:
local changea = function(s) return s:gsub("a","z") end
local process = filter{"hruletohr", changea}

Tento priklad neni Uplné uzitecny, nebot zméni vSechna pismena ,a“ ve
zpracovavaném dokumentu na ,z“, véetné HTML tagti, ovSem jako ukazka snad
postaci.

Pokud sestavovaci soubor pojmenujete stejné jako nazev dokumentu s priponou
.mk4, bude spoustén automaticky, jinak ho lze zadat jako parametr -e pro
TEX4ebook:

tex4ebook -f epub3 -e buildfile.mk4 filename.tex

Konfigurac¢ni soubor pro TEX4ht

Pro vlozeni vlastnich HTML tagt do konfigurovatelnych hackia nebo vlastnich CSS
instrukei mizeme pouzit konfigurac¢ni soubor pro TEX4ht. Moznosti konfigurace
si ukdzeme na jednoduchém TEXovém souboru:

\documentclass{article}

\usepackage [T1]{fontenc}
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\usepackage [utf8]{inputenc}
\usepackage [czech] {babel}
\begin{document}
P£ili3 Zlutoudky kidi \textit{ap&l} \textbf{dabelské 6dy}
\end{document}

Po kompilaci se vygeneruje HTML soubor s nasledujicim obsahem:
<p class="noindent" >P¥ili§ Zlutoucky kuii <span
class="ecti-1000">ip</span><span
class="ecti-1000">él </span><span
class="ecbx-1000">d</span><span
class="ecbx-1000">abelsk</span><span
class="ecbx-1000">é </span><span
class="ecbx-1000">6dy </span>

Vygenerované soubory jsou ponechdny i v adresaii s TEXovym dokumentem,
Ize je tedy snadno zkontrolovat ve WWW prohlizeci. Slova, ktera byla zvyraznéna
jinym nez zakladnim fezem pisma, byla rozdélena do nékolika HTML elementti.
Ve vykresleném dokumentu se text zobrazi v poradku, nicméné méli bychom tento
problém vytesit. Jedna se o chybu pri konverzi DVI souboru piikazem tex4ht,
ktery se snazi pridat forméatovani podle pisma detekovaného v DVI souboru.
Diky této funkcionalité neni tieba vytvaret konfigurace pro vSechna uzivatelska
makra, zakladni textové formatovani, jako jsou fezy a velikost pisma, je zachovano.
Pokud vsak TpX4ht narazi na znak s diakritikou, uzavie aktudlni element, prestoze
nedochazi ke zméné pisma. Tento problém lze vytesit jednoduchou konfiguraci pro
dotcend makra v konfiguraénim souboru pojmenovaném napiiklad myconfig.cfg:

\Preamble{xhtml}
\Configure{textbf}{\NoFonts\HCode{<strong>}}
{\HCode{</strong>}\EndNoFonts}
\Configure{textit}{\NoFonts\HCode{<em>1}}
{\HCode{</em>}\EndNoFonts}
\begin{document}
\EndPreamble
Konfigura¢ni soubor mizeme nacist volbou -c
tex4ebook -f epub3 -e buildfile.mk4 -c myconfig.cfg filename.tex
Vysledny HTML kéd jiz vypad4d mnohem lépe:
<p class="noindent" >P¥ili§ Zlutoucky kui
<em>ipé&l</em> <strong>dibelské 6dy</strong>
Konfigura¢ni soubory pro TgX4ht maji pevnou zakladni strukturu:

% zde miZeme vkladat baliky
\Preamble{xhtml,volby pro tex4ht.sty}
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% Konfigurace hackd a kaskddovjch stylu
\begin{document}

\EndPreamble

Pred prikazem \Preamble muzeme nahravat dodatecné balicky pomoci pri-
kazu \RequirePackage. Piikaz \Preamble umoznuje specifikovat volby, pro které
ovliviiuji nahravani konfiguraci. Jsou oddélené ¢arkami a povinna je minimalné
volba html nebo xhtml, ktera musi byt na prvni pozici. Pro Epub je tieba
pouzivat druhou z nich.

Po prikazu \Preamble muzete pridavat konfigurace pro hacky, kaskadové
styly nebo ménit definice prikazi definovanych v preambuli dokumentu, at jiz
ve vkladanych bali¢cich nebo ptimo v dokumentu. Pouziti \begin{document} je
povinné, definice, které po ném nasleduji, jsou spustény az na zacatku dokumentu.
Konfigurace kon¢i piikazem \EndPreamble.

V nasem piikladu uzivime dvé konfigurace pro prikazy \textbf a \textit.
Piikaz \Configure ma variabilni pocet argumentti, pro jednotlivé konfigurace je
tieba konzultovat dokumentaciZ.

V tomto konkrétnim piipadé uziva prikaz \Configure dva argumenty, jednd
se o kod, ktery se vlozi na zacatek a na konec konfigurovaného textu. Prikazy
\NoFonts a \EndNoFonts zakazou a povoli zpracovani font z DVI souboru, ¢imz
vyfesime problém s rozdélenymi slovy. Piikaz \HCode vkladda HTML kéd do
dokumentu.

Vysledny e-book vypadd pomeérné stroze, pokud chcete vylepsit jeho vzhled,
je mozné pouzit kaskddové styly. Pro jednoduché tpravy je urcen prikaz \Css,
ktery 1ze pouzit v konfigura¢nim souboru:

\Preamble{xhtml}
% konfigurace pisem vynechana
\Css{em{color:blue;}}
\begin{document}

Timto prikazem obarvime text v kurzivé modrou barvou.
stylt, které se zamétuji na dobrou typografii na webu. Muzeme vyuzit naptiklad
Scale.css (SALMINEN, 2012), ktery vytvoril finsky designér Viljami Salminen.
Tento styl je responzivni, coz znamend, ze velikost jednotlivych prvka doku-
mentu se prizpusobuje velikosti zobrazované plochy tak, aby byla vzdy optimalni
z hlediska dobré citelnosti.

2Dokumentace nenf Gplné silnou strankou projektu TEX4ht. Zakladn{ informace o konfiguraci
se nachdzi na WWW strankdch projektu, detailnéjsi informace muzete ziskat z dokumentace
vygenerované ze zdrojovych k6di TEX4ht umisténych na strankach http://michal-h21.github.
io/src4ht/ Jedna se predevsim o dokumenty tex4ht-info a tex4ht-html4.
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Pro vlozeni externiho stylu mizeme vyuzit prikaz \AddCss, ktery poskytuje
balicek includedht. Tento balicek je jeden z téch, které tvori projekt helpersdht.
Jeho cilem je zjednodusit praci se systémem TEX4ht a obsahuje balicky pro
vkladani kaskadovych styli, JavaScriptovych programi, tvorbu rejstiiku a dalsi.
Balicek pro vkladani fontti muzeme pouzit pro vlozeni fontt do naseho e-booku.

Epub 3 podporuje vkladani pisem ve formatu OpenType nebo jeho zjedno-
dusené verzi urcené pro web, WOFF. Je vhodné vyuzivat OpenSource pisma,
vlozenim komercniho pisma bychom se mohli dopustit jeho ilegdlniho sifeni.
Vhodné pisma jsou napiiklad EB Garamond, Linux Libertine nebo Latin Mo-
dern. Pro kazdy fez pisma je tfeba stdhnout odpovidajici OpenType soubor
a umistit ho do adresare s dokumentem, stejné tak je tfeba umistit zde externi
kaskddové styly. Upraveny konfigurac¢ni soubor:
\RequirePackage{include4ht}

\RequirePackage{addfont4ht}
\Preamble{xhtml}
\AddCss{scale.css}

\NormalFont{EBGaramond}{EBGaramond12-Regular.woff}
\BoldFont{EBGaramond}{EBGaramond12-Italic.woff}
\ItalicFont{EBGaramond}{EBGaramond12-Italic.woff}
\Configure{@HEAD}{\HCode{<style type=’text/css’ >

\Hnewline body{font-family:rmfamily,

"EBGaramond", sans-serif;}\Hnewline

</style>}}
\begin{document}
\EndPreamble

Prikazy \NormalFont, \BoldFont a \ItalicFont vlozi fonty. Prvni parametr

uréuje jméno rodiny, na které se dile odkazujeme. Piikaz \Configure{@HEAD}
vklada kod do hlavicky HTML dokumentu. V tomto ptipadé je pouzit pro vlozeni
kaskadového stylu, ktery vybira nami definovanou rodinu EBGaramond jako
hlavni pismo dokumentu.

Matematika a e-booky

Velky problém e-booki je matematika, stejné jako na webu, kde zobrazovani
matematiky resi format MathML. Alespon teoreticky, protoze jeho podpora ve
WWW prohlizec¢ich je Spatna, vsechny ho podporuji pouze ¢astecné.

Forméat MathML je soucésti specifikace Epub 3, teoreticky by ho tedy méla

teci zaifzeni podporovat, realita je ovsem odlisna®. Pokud MathML podporuji,

3Tabulku shrnujici podporu v riznych étecich zafizenich lze nalézt na strankach knihovny
MathJax (THE MATHJAX CONSORTIUM, 2016).
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je to za pomoci knihovny MathJax. Ta dokéze vyborné vykreslit matematiku
na WWW strankéch, ovsem je pomérné naro¢na na vykon a na tabletech nebo
mobilnich telefonech trva delsi chvili, nez se stranky obsahujici matematiku
vykresli.

V pripadé ostatnich formatu je situace jesté horsi, v pripadé Epub i Mobi lze
matematiku zobrazit pouze za pomoci obrazki, coz pro TEX4ht neni problém,
naopak je to jeho vychozi nastaveni. Problémem je, Ze tyto obrazky nebudou
sedét na ucari a velikost a typ pisma nebudou odpovidat okolnimu textu. Zatim
jsem nenalezl uspokojivé a univerzalni feSeni téchto problémi, proto doporucuji
pro matematické e-booky pouzivat Epub 3 s podporou MathML, jehoz podpora
ve Ctecich zafizenich se muze zlepsit.

Podpora MathML se muze zapnout pomoci prepinace mathml umisténého
v prikazu \Preamble v konfigura¢nim souboru nebo ve druhém argumentu prikazu
tex4ebook:
tex4ebook -f epub3 filename mathml

Konfigurace vlastnich balickt

Prikazem \Configure muzeme konfigurovat pouze piikazy, do kterych byly pro
toto pouziti vlozené hacky. Pokud chceme pridat podporu pro novy balicek, je
tfeba vytvorit pro néj .4ht soubor. Jeho tvorbu si ukazeme na jednoduchém
prikladu.

Méjme balicek pro tvorbu vzdélavacich dokumentt, ktery umoznuje tvorbu
dvou verzi dokumentu — pro studenty a pro ucitele, s poznamkami, které se ve
studentské verzi nezobrazuji. Balicek bude mit pfepinac, kterym se bude vybirat
mezi zobrazenimi, pro kazdou verzi bude vytvoren soubor, ktery bude slouzit pro
kompilaci a ktery bude vkladat samotny text dokumentu.

Budeme také vyuzivat rozsirenych metadat, ktera poskytuje format Epub 3.
Vzniklo nékolik profili, které specifikuji metadata podle urc¢eni dokumentu. Pro
tvorbu vzdélavacich dokumenta vznikl profil Epub for Education (THE EPUB
WORGING GROUP, 2016), ktery vyuZijeme v nasem dokumentu.

Balicek edupub.sty je pomérné prosty:

\ProvidesPackage{edupub}
\RequirePackage{kvoptions}
\RequirePackage{etoolbox}
\newbool{teacher}
\boolfalse{teacher}
\newcommand\teacherinfo[1]{}
\DeclareVoidOption{teacher}{%
\renewcommand\teacherinfo [1]{%
\edupub@print@teacherinfo{##1}}
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\booltrue{teacher}}
\newcommand\edupub@print@teacherinfo[1]{#1}
\ProcessKeyvalOptions*

Definuje pouze ptikaz \teacherinfo, ktery vypiSe poznamky pro ucitele,
pokud je bali¢ek nahréan s volbou teacher. Nyni vytvorime konfigura¢ni soubor
pro TEX4ht, edupub.4ht:

\ifbool{teacher}{/
\Configure{OpfMetadata}
{\HCode{<dc:type>teacher-edition</dc:type>}}
H3%
\NewConfigure{teacherinfo}{2}

\let\old:teacherinfo\edupub@print@teacherinfo
\renewcommand\edupub@print@teacherinfo[1]{
\a:teacherinfo
\old:teacherinfo{#1}
\b:teacherinfo
}
\Configure{teacherinfo}
{\HCode{<span epub:type="answer">}}
{\HCode{</span>1}}

Konfigurace \Configure{OpfMetadata} vlozi informace do souboru s meta-
daty pro dokument. V tomto pripadé oznaci verzi dokumentu pro ucitele.

Piikaz \NewConfigure deklaruje konfiguracni hacky, které se vkladaji do
redefinovanych prikazia. Prvni argument je nazev konfigurace, druhy je pocet
héackt, které budou vytvoreny. Pokud chceme vkladat néjaky kéd pred pri-
kaz a po jeho skonceni, sta¢i nam dva hacky. Hacky jsou prikazy ve forméatu
\[a-i] :ndzev hacku, v nasem pripadé jsou vytvoreny dva, \a:teacherinfo
a \b:teacherinfo. Pomoci prikazu \let si miuzeme ulozit pivodni definici pii-
kazu, ktery chceme upravit, a poté pouzit napriklad prikaz \renewcommand pro
Upravu definice

Nakonec konfigurujeme nase hacky promoci \Configure{teacherinfol}, po-
znamky pro ucitele oznacime elementem span s atributem epub:type, ktery
Epub 3 pouziva pro sémantické znackovani textu. Tento konkrétni typ je soucasti
profilu Epub for Education.

Nase ukazkova publikace tedy bude mit dvé verze, jednu pro studenty a druhou
pro ucitele. Pro kazdou vytvorime fidici dokument, ktery bude obsahovat pouze
hlavicku dokumentu, samotny text se bude vkladat a bude pro obé verze stejny.

Ridicf soubor pro uéitele teacher.tex:

\documentclass{article}
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\usepackage [teacher] {edupub}
\begin{document}
\include{text}
\end{document}

Verze pro studenta bude totoznd, pouze balicek edupub vlozime bez volby
teacher. Samotny text dokumentu mtze mit nasledujici obsah:
\newcommand\odpoved[1]{\teacherinfo{\\ #1}}
\begin{enumerate}

\item Jak se jmenuje nejvétsi had

vyskytujici se v~Ceské republice?
\odpoved{Uzovka stromova}
\end{enumerate}

Zavér

Clanek pfedstavil zakladni pouZiti nastroje pro tvorbu elektronickych knih TEX-
ebook, shrnul rozdily mezi jednotlivymi formaty elektronickych knih a zaméril
se na jeden z nich, Epub 3. Tento format je vhodny i pro publikaci technicky
a matematicky zamérenych publikaci, tudiz je zajimavy i pro uzivatele TEXu.
TEX4ebook byl tspésné pouzit pro tvorbu materidltt pro vyuku matematiky
i nékolika mensimi vydavateli.

Samotny TEX4ebook je nadstavba pro TEX4ht; pro upraveni vzhledu vysled-
ného dokumentu je mozné vyuzit konfigurac¢ni nastroje, které TpX4ht nabizi. Vice
informaci lze nalézt v ¢lanku puvodniho autora TEX4ht (GURARI, 2004) nebo ve
¢tvrté kapitole knihy KATEX Web Companion (GOOSENS A KOL., 1999).

Reference

DRrAKOS, NIKOS. LaTeX2HTML [on-line]. Ver. 98.1. 2016. Dostupné na: http:
//www.latex2html.org/.

GOOSSENS, MICHEL ET AL.. The IMEX Web Companion: Integrating TeX,
HTML, and XML. Boston : Addison-Wesley Professional, 1999. 560 s.
ISBN 978-0201433111.

GURARI, EITAN. TeX4ht [on-line]. Ver. 200. 1997. Dostupné na: http://www.
tug.org/tex4ht/.

GURARI, E1TAN. TEX4ht: HTML Production [on-line]. TUGboat, 2004, vol. 25,
no. 1., s. 39-47. [cit. 2016-14-10].  (ISSN 0896-3207.) Dostupné na: https:
//www.tug.org/TUGboat/tb25-1/gurari.pdf.

HorTicH, MICHAL. TEX/ebook [on-line]. Ver. 0.1d. 2016a. Dostupné na: https:
//www.ctan.org/pkg/tex4ebook.

104



HOFTICH, MICHAL. Makejht [on-line]. Ver. 0.1b. 2016b. Dostupné na: https:
//www.ctan.org/pkg/makedht.

MILLER, BRUCE. LaTeXML [on-line]. Ver. 0.8. 2016. Dostupné na: http://
dlmf.nist.gov/LaTeXML/.

MACFARLANE, JOHN. Pandoc [on-line]. Ver. 1.17. 2016. Dostupné na: http:
//pandoc.org/.

PETTARIN, ALBERTO. Aeneas [on-line]. Ver. 1.6. 2016. Dostupné na: https:
//www.readbeyond.it/aeneas/.

PETTARIN, ALBERTO. Menestrello [on-line]. Ver. 3.0.0. 2016. Dostupné na:
https://www.readbeyond.it/menestrello/index.html.

SALMINEN, VILJAMI. Scale.css [on-line]. Ver. 0.1. 2012. Dostupné na: https:
//github.com/viljamis/Scale.

THE EPUB WORKING GROUP. EPUB for Education [on-line]. 2016. [cit. 2016-
14-10]. Dostupné na: http://www.idpf.org/epub/profiles/edu/spec/.

THE INTERNATIONAL DIGITAL PUBLISHING FORUM. EPUB 3 [on-line]. 2016.
[cit. 2016-14-10]. Dostupné na: http://idpf . org/epub/30.

THE MATHJAX CONSORTIUM. EPUBS Reading systems overview [on-line]. 2016.
[cit. 2016-14-10]. Dostupné na: http://docs.mathjax.org/en/latest/
misc/epub.html.

Summary: E-books and the TEpX4ebook System

This article describes the process of conversion of a TEX document to e-book
using TEX4ebook system. Concrete examples of configuration and caveats are
provided.

Keywords: e-books, TeX4ht, HTML, conversion.

Michal Hoftich, michal. h21@ gmail. com

105



Sadzba bibliografie podla normy ISO 690
v systéme KTEX

‘l DAvID LUPTAK I

Dodrziavanie normy ISO 690 pri tvorbe bibliografickych odkazov a citacii byva
vyzadované mnohymi institiciami nielen v ¢eskom akademickom prostredi. V sys-
téme IXTEX vsak doteraz neexistovala ziadna podpora, ktord by plnohodnotne
riesila tito problematiku. Az na zéklade referencnej implementécie balika bibla-
tex-is0690 vznikol balicek, ktory splnuje poziadavky normy v plnom rozsahu a
vyrazne tak zjednodusuje citovanie informacénych zdrojov.

KlIicové slova: ISO 690, bibliografia, citdcie, BIBRTEX

1. Uvod

Odborné clanky vyzaduju vysoky stupen prace s inymi odbornymi textami a
informaénymi zdrojmi, na ktoré je potrebné korektne sa odkazovat a tieto zdroje
spravne citovat. V ¢eskom akademickom prostredi prevlada tvorba bibliografickych
odkazov a citécii podla normy ISO 690 [1]. Uvodom tohoto ¢lanku je v struénosti
predstavend norma ISO 690 a takisto aj pre nu uz existujice implementacie.
Osobitne st uvedené moznosti sadzby bibliografie v systéme IXTEX a v zaverecnej
Casti nasleduje oboznamenie sa s balikom biblatex-is0690, prvou tplnou ETEXovou
podporou aktudlne platnej normy ISO 690.

2. Norma ISO 690

Tvorba bibliografickych odkazov a citacii sa v minulosti riadila pravidlami no-
riem ISO 690:1987 [2] pre tlacené informaéné zdroje a ISO 690-2:1997 [3] pre
zdroje elektronické. V roku 2010 boli tieto dve normy zjednotené a nahradené
novou verziou normy ISO 690:2010 [4]. Normaliza¢né organizécie (¢lenovia ISO)
zabezpecuju preklady noriem na narodnej trovni [5]. Takymto prekladom bola
v roku 2011 prijaté aj eskéd verzia normy CSN ISO 690:2011 [6] alebo v roku
2012 slovenskd technickd norma STN ISO 690:2012 [7]. Tieto preklady nadobi-
daja rovnaky status ako oficidlna verzia normy ISO 690:2010. Aj napriek tomu
obsahuje napriklad ¢eské norma CSN ISO 690:2011 mnoZstvo nejasnych miest a
nepresnosti. Tato problematika je vSak prenechand na iné ¢lanky Zpravodaja [8].
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2.1. Terminolégia

K tspesnému porozumeniu nasledovného textu je potrebné uviest dva zédkladné

terminy, ktoré Gastokrat byvaji medzi sebou zamietiané® [6]:

odkaz udaj v texte alebo iny druh obsahu dokumentu odkazujici na prislusni
bibliograficku citaciu

citacia data popisujice informacny zdroj alebo jeho cast dostatoCne presne a
podrobne na to, aby mohol byt tento zdroj identifikovany a bolo mozné ho
vyhladat

2.2. Zasada konzistencie
Norma ISO 690 hned v tvode svojho vykladu priamo uvadza, Ze nemé za ciel
definovat konkrétny styl bibliografického odkazu alebo citacie. Pouzity styl a
interpunkcia v ilustracnych prikladoch nie st sucastou doporucenia. Tento fakt
prinasa dva zasadné poznatky:

1. norma cti princip oddelenia formy od obsahu

2. normu nemozno povazovat za citacny styl [§]
Zéaroven vsak norma doporucuje, aby bol pre vsetky citdcie v dokumente pouzity
jednotny styl, format a interpunkcia. Tato poziadavka vsak uz zostava na samot-
nom upravovatelovi citacie, ktory moze cerpat z ilustracnych prikladov v norme
samotnej, interpretacii alebo inych zauzivanych zvyklosti sadzby bibliografie.

3. Sadzba bibliografie v systéme ETEX

V systéme ITEX st k dispozicii prakticky tri zakladné pristupy na sadzbu bib-
liografie [11]. Prvym z nich je pouzitie ¢istého ITEXu, zvysné dva uznavaju
princip oddelenia formy od obsahu a na sadzbu bibliografie pouzivaju externi
bibliografickui databazu a takisto aj externy program na preklad.

3.1. Cisty BTEX

ETEX poskytuje na sadzbu bibliografie vstavané prostredie thebibliography a
rodinu makier \cite umoznujuicich sadzbu bibliografickych odkazov. Tie nasledne
odkazuji na samotné bibliografické citacie. Zoznam bibliografickych citacii je
uvedeny v prostredi thebibliography, jednotlivé polozky st uvedené prikazom
\bibitem.

\documentclassq{...}
\begin{document}

1Potvrdzuje to aj ¢lanok o predstaveni origindlu normy, ktory bol napisany este pred vznikom
Ceskej verzie normy [9]; takisto interpretdcia normy od tej istej autorky [10].
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\cite{<identifikator01>}

\begin{thebibliography}{<najsSirsi identifikator>}
\bibitem{<identifikator01>}
<Autor>. \emph{<Nazov>: <podnazov>}.

\end{thebibliography}
\end{document}

Predchadzajica ukazka kédu okrem zdkladnej syntaxe poukazuje aj na fakt,
Ze takyto pristup nie je vhodny na sadzbu bibliografie rozsiahlejsich diel [12].
Prinasa tieto hlavné nevyhody:

1. vysddzané su vSetky citdcie uvedené vnutri prostredia thebibliography
(bez ohladu na to, ¢i boli vobec citované)

2. kazdy zédznam je nutné naformétovat jednotlivo (v zavislosti od pozadova-
ného bibliografického stylu)

3. bibliografické citacie su radené presne v takom poradi ako s uvedené
v zozname prostredia thebibliography

Okolnosti ohladom nevyhody ¢islo 1 norma ISO 690 priamo nespecifikuje, takyto
pristup vSak nenasleduje véeobecné odporti¢ania tvorby bibliografie [11]. Dalej je
v pripade prostredia thebibliography tazké zarucit zasadu jednotnosti citécii
(podla 2) a vdbec nie je mozné zaistit sprdvne poradie citacii (podla 3) pre
ktorukolvek pripustni metédu citovania Specifikovant v norme ISO 690.
Zmovupouzitelnost bibliografickych zdznamov a skélovatelnost zoznamu citécii
nie je silnou strankou tohoto riesenia. Vyhodou je vsak rychlost a nizky pocet
prekladov dokumentu (postac¢i dvojndsobny preklad TEXovym kompildtorom).

3.2. BibTgX
Preferovanym sposobom prace s bibliografiou pri sadzbe rozsiahlejsich typov doku-
mentov je vytvorenie externej databdzy bibliografickych zdznamov (pozri podsek-
ciu 3.4) a pouzitie externého programu na jej preklad [11]. Tento externy program
zaisti sprévne zoradenie citécii (riesi problém 3) a podla pouzitého bibliografic-
kého stylu? (riesi problém 2) vygeneruje IXTXové prostredie thebibliography
s bibliografiou na vysadenie. Typickym zastupcom tohoto pristupu je BIBTEX,
ktorého nespornou vyhodou je prave spominané oddelenie formy od obsahu.
Prikaz \bibliographystyle slizi na definovanie formatovacieho stylu, prikaz
\bibliography urcuje, ktoré bibliografické databazy sa maji pouzit a takisto
miesto vysadenia v zdrojovom dokumente. Prikazom \cite sa vytvori odkaz

2BiBTEXovy bibliograficky styl je éasto nazyvany aj citaény styl; v tomto kontexte by bolo
mozné hovorit vSseobecne o formatovacom style.
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v texte dokumentu na danu citaciu. Je mozné pouzit aj prikaz \nocite, ktory ne-
vytvori odkaz v texte samotného dokumentu, zaruci vSak vyskyt citacie v zozname
bibliografickych citécii (riesi problém 1).

\documentclass{...}
\bibliographystyle{<formatovaci §tjl>}
\begin{document}

\cite[<text>]{<zoznam identifikatorov>}

\bibliography{<databaza01>,<databaza02>, ...}
\end{document}

Spomenuté vyhody vsak vyvazuje, resp. prevysuje, mnozstvo nevyhod spoje-
nych so skutoénostou, ze vyvoj BIBTEXu m4 relativne stagnujicu tendenciu [13,
14]. Medzi hlavné nevyhody patri:

1. problémy so vstupnym kédovanim [15] (hoci je dostupné alternativne riese-
nie)?

2. zlozitost tvorby vlastnych formétovacich stylov [16] (hoci je dostupné rieSenie
na automatizované generovanie stylov)*

3. vykonnostné problémy (pretecenie paméti pri praci s velkymi bibliografic-
kymi databdzami) [17]

4. slaba podpora tvorby odkazov v texte dokumentu [18] (hoci st dostupné
flexibilnejsie moznosti)®

5. absencia dnes uz Standardnych poli, napr. pola url (hoci st dostupné
alternativne riesenia)®

6. chybajica podpora lokalizacie a viacjazycnosti citécii [19] (hoci je rieSenie
dostupné)”

Na korektné vysadzanie zdrojového dokumentu st potrebné minimélne tri
preklady TEXovym kompildtorom a jeden programom BIBTEX. Globéalne apliko-
vatelnd schéma na sadzbu bibliografie pomocou BIBTEXu je nasledovnd [20]:

BTEX (BISTEX BTRX) " BTRX

Oproti sadzbe bibliografie bez pouzitia externého programu je sice pocet potreb-
nych prekladov vyssi, na druhej strane vsak tato ,zlozitost“ prinasa rieSenia na
takmer vsetky vyssie spomenuté problémy spojené s pouzitim iba ¢istého N TEXu.

Shttps://wuw.ctan.org/pkg/bibtex8bit
4https://www.ctan.org/pkg/custom-bib
Shttps://www.ctan.org/pkg/natbib, https://www.ctan.org/pkg/cite
Shttps://www.ctan.org/pkg/natbib, https://www.ctan.org/pkg/babelbib
"https://www.ctan.org/pkg/babelbib
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3.3. BibIMTEX

Inou moznostou externého programu na sadzbu bibliografie je modernejsi a flexi-
bilnejsi TEXovy balik BIBIXTEX. Tento balicek je kompletnou reimplementaciou
prostriedkov na pracu s bibliografiou v systéme IXTEX, c¢asto oznaCovany aj
ako nastupca BIBTEXu [15, 21]. Na formatovanie zdznamov pouziva vyhradne
KTEXové makra a na spracovanie bibliografickej databdzy (pozri podsekeiu 3.4)
a jednotlivych poloziek néstroj Biber [17].

Pouzitie balika BIBITEX je mierne odlisné od tradicného BiBTEXu. Prikazy
maju nielen odlisna syntax, ale poskytuju aj rozsiahlejsie moznosti prace s biblio-
grafickymi zédznamami. Formatovac{ styl (je mozné Specifikovat bibliograficky a
citaény styl zvlast) sa definuje priamo ako volba balika pri jeho naéitani, t.j.
ako volitelny argument prikazu \usepackage. Na Specifikovanie bibliografickej
databézy slizi prikaz \addbibresource, kde je potrebné uviest cely nazov si-
boru aj s priponou .bib. Na vysddzanie samotnej bibliografie v texte slizi prikaz
\printbibliography, ktory sa v dokumente moéze vyskytovat aj viackrat. Sa-
mozrejme na tvorbu odkazu v texte dokumentu slizi prikaz \cite a jeho varianty.
Nasledujica ukazka kdédu pokryva len zakladnu struktiru dokumentu, pouzitie
prikazov je omnoho komplexnejsie:

\documentclassq{...}
\usepackagel[...]{biblatex}
\addbibresource{<databazall.bib>}
\addbibresource{<databaza02.bib>}
\begin{document}

\cite{...}

\printbibliography
\end{document}

Balik BIBIATEX riesi mnozstvo problémov uvedenych v pripade BIBTEXu.
Medzi tie najvyznamnejsie patri [22]:

1. plna podpora kédovania Unicode

2. pokrocilé moznosti radenia (pouzité technolégie Unicode Collation Algo-
rithm a Unicode Common Locale Data Repository (CLDR))
viacjazyCénost zdznamov (baliky babel a polyglossia)
rozsireny forméat bibliografickych zdznamov
velké mnozstvo dostupnych stylov
6. flexibilné vytvaranie novych stylov

G W

Samozrejme, toto je len vytiatok z bohatej funkcionality BIBIWTEXu [17]. Dokazom
toho je aj minimalny pocet nevyhod tohoto balika. Za vsetky je mozné spomentuf
nekompatibilitu medziformatu sadzby bibliografie s pévodnym BIBTEXovym
rieSenim [23], ktory byva vyzadovany pri predkladani vydavatelovi.
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Preklad prebieha analogicky ako u BIBTEXu. Najskor sa prekladd TEXovym
kompildtorom, nasledne sa pouzije spominany nastroj Biber nad vygenerovanym
stiborom .bcf a nakoniec je potrebny este jeden preklad kompildtorom TEXu.

Schéma sadzby dokumentu za pouzitia BIBETEXu vyzerd nasledovne®:

latex <dokument>[.tex]
biber <dokument>[.bcf]
latex <dokument>[.tex]

3.4. Databaza bibliografickych zédznamov (.bib stibor)

Pre Uplnost tejto sekcie je ziadice uviest aj samotny forméat bibliografickej data-
bazy. T4 obsahuje jednotlivé bibliografické zaznamy, kazdy takyto zdznam mé svoj
typ, jedineény identifikdtor a (typicky) niekolko dvojic pole-hodnota definujicich
prave samotné bibliografické idaje. VSeobecny vzor takéhoto zdznamu vyzera
nasledovne:

@<typ zéznamu>{identifikator,
<nazov pola> = {hodnotal},

<nazov pola> = {hodnota}

}

Vsetky podporované typy zaznamov BIBTEXu su aplikovatelné aj pre balik
BIBIXYTEX, a to bud priamo alebo definovanim aliasu. Rozdielom je akurat to, ze
BIBIATEX oproti BIBTEXu definuje naviac este niekolko dalsich typov.
Obdobn4 situécia je aj v pripade poli zaznamov. Balik BIBIXTEX poskytuje
spatni kompatibilitu pre vsetky polia dostupné v BIBTEXu a k tomu pontka
dalsie. Okrem bezngch poli su to aj polia specidlne, ktoré sltzia napriklad na
nastavenie jazyka daného bibliografického zdznamu pre podporu viacjazycnosti.

3.5. Zhrnutie

Na jednoduchu sadzbu bibliografie samostatného dokumentu s malym poc¢tom
citacii je najvyhodnejsie pouzif vstavant funkcionalitu INTEXu. Pri rozsiahlejsich
dokumentoch s vac¢sim poctom citacii je vSak uz vyhodné pouzit sluzby externych
programov na sadzbu bibliografie. Takymto pristupom oddelenia formy od obsahu
(bibliografickd databdza sa nachddza v samostatnom subore, formatovacie styly
taktiez osobitne) je mozné dosiahnut vysoku Skélovatelnost, znovupouzitelnost
bibliografickych zdznamov a flexibilni a efektivnu manipuldciu s citaciami.

8Koncovky stiborov nie je potrebné uvidzat.
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Okrem samotného BIBTEXu existuje mnozstvo programov na nom zalozenych,
ich problémom vsak je prave skutocnost, ze vychadzaji z BIBTEXu. Tyka sa
to najmé pouzitia formatovacich stylov, hoci niektoré sa pokusaju o nahradenie
jazyka BST? inym, modernejsfm, programovacim jazykom (zviicésa XML) [21, 24].

Spomedzi dostupnych moznost{ sadzby bibliografie v systéme WTEX [11, 25]
vychédza ako najlepSia volba balik BIBWTEX s nastrojom Biber [21, 26].

4. Existujice riesenia pre ISO 690

Této sekcia uvadza niekolko existujucich implementacii, ktoré zahfnaju podporu
pre dodrziavanie normy ISO 690. Prvé dve z nich si priamo pouzitelné v sddzacom
systéme TREX, jazyk CSL je predstaveny z dovodu jeho stcasnej popularity a balik
OPmac-bib ako jeden z méla dostupnych balikov poskytujicich plnohodnotnua
podporu tvorby bibliografickych odkazov a citécii.

4.1. czechiso

Pre ¢eské normy CSN ISO 690:1996 [27] a CSN ISO 690-2:2000 [28] existuje pre
BI1BTEX neoficidlny formatovaci $tyl czechiso z roku 2006. Autorom je David Mar-
tinek a tento $tyl je dostupny na adrese http://www.fit.vutbr.cz/~martinek/
latex/czechiso.html. Tato implementécia nezodpovedd norméam presne, nie-
ktoré vyzadované polozky bibliografickych zdznamov absentuju, pouzité funkcie
by bolo vhodné prepisat aby spliovali poziadavky normy.

4.2. biblatex-iso690

V roku 2011 vznikla prva referenénd implementacia bibliografického a cita¢ného
stylu pre balik BIBETEX podla normy ISO 690. T4 vsak vychadzala z predoslych
verzii noriem [27, 28] a prevazne sa pridrziavala Ceskej interpretécie [29]. Autorom
je Michal Hoftich a sty bol spristupneny ako neoficidlna verzia na adrese https://
github.com/michal-h21/biblatex-is0690. Podobne ako v predchadzajicom
pripade, ani tato implementacia nezodpovedala normam presne, na domovskej
stranke projektu je zaznamenanych niekolko nahlasenych problémov ohladom
funkcionality a pouzitia tohoto stylu. V stcasnosti vSak vdaka kompletnej revizii
poskytuje plnohodnotni podporu normy ISO 690 (pozri podsekciu 5).

4.3. Jazyk CSL
Jazyk CSL (Citation Style Language) je programovaci jazyk zaloZeny na jazyku
XML. Populdrnym sa stal s vydanim Zotera v roku 2006 [30].

9bibliograficky $tyl BiBTEXu
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Medzi jednozna¢né vyhody patri syntax jazyka XML. Na to nadvézuje obld-
benost tohoto formétu a otvorenost a univerzalnost jazyka CSL [31]. Nespornou
vyhodou je aj jeho vyuzitelnost naprie¢ viacerymi aplikaciami, ¢o dokazuje aj
rozsiahly zoznam produktov na oficidlnych strankach projektu CSL, ktoré tento
jazyk vyuzivaja [32]. Patri medzi ne napriklad Zotero, Papers ¢i Mendeley.

V repozitari projektu Citation Style Language [32] st medzi obrovskym mnoz-
stvom cita¢nych stylov dostupné aj tie podla normy ISO 690, v celkovom pocte 15
stylov. Z tohoto poctu je kazdy pre int jazykovu lokalizaciu alebo metdodu citova-
nia. V kazdom z nich sa ndjdu aj drobné odchylky alebo nepresnosti voci vykladu
normy ISO 690. Vo vSeobecnosti existuje pre jazyk CSL tento rad nevyhod [33]:

e nie je mozné nastavit forméat bibliografickych odkazov

o obmedzend podpora pre legislativne styly (Multilingual Zotero moze byt

rieSenim)

e obmedzend podpora pre viacjazy¢nost citdci{ (Multilingual Zotero mdze byt

rieSenim)

e nie je mozné zadat rozsah ddtumu do pola pre ddtum (tidaj sa nevygeneruje)

Na zaver je potrebné dodat, ze napriklad balik BIBETEX vsetky tieto problémy
pokryva vo svojej zakladnej funkcionalite [17].

4.4. OPmac-bib
OPmac je sada makier umoznujica pohodlnejsiu pracu s plainTEXom, ktoré
poskytuja zakladni ETEXova funkcionalitu. Balicek OPmac-bib je nadstavbou
tychto makier, zaoberajici sa prave sadzbou bibliografie. Oproti ostatnym néastro-
jom vsak nepouziva ziaden externy program, ale celi funkcionalitu riesi na trovni
TEXovych makier. Autorom balika je Petr Olsak a k dispozicii je od roku 2015
v rdmci balika csplain. Viac detailov je prenechanych na ¢lanok TUGboatu [34].

OPmac-bib pracuje priamo s . bib sibormi a je akousi nadstavbou a rozsirenim
nad starodavnym BIBTEXom. Vyuziva teda vSetky typy a polia, ktoré si dostupné
v BIBTEXu a naviac prindsa nové polia, ktoré st v dnesnej dobe nutnostou (vo
vSeobecnosti ako aj pre styl ISO 690). Ide napriklad o polia url, doi alebo
lang, vdaka ktorym uz nemusi autor .bib stiboru vkladat tieto informécie do
pola note, ale do prislusnych, na tento ticel vytvorenych, poli. Tym sa zvysuje
flexibilita a v konecnom dosledku aj moznost korektného vypisu poradia udajov
podla aktudlnej verzie normy.

Tym, ze balicek OPmac-bib uplne obchadza pouzitie externého programu
a Cita .bib databdzu priamo pomocou makier TEXu, zvysuje ¢itatelnost kédu
a zaroven umoznuje jednoduchsie predefinovanie makier v pripade nutnosti ich
prispdsobenia S$pecifickym potrebdm. Norma ISO 690 totiz vynucuje uviddzanie
niektorych idajov, pre ktoré v péovodnom BIBTEXu prislusné polia neexistuju.
Vytvaranie novych poli pre kazdy takyto Specificky tdaj vSak nie je riesenie.
OPmac to z tohoto hladiska riesi vskutku elegantne, obdobne ako balik BIBIXTEX.
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Poskytuje univerzalne polia, do ktorych mozno uvadzat nielen bibliografické tudaje,
ale zaroven aj makra pouzivané na vypis prvkov a tym docielif pozadovani podobu
vystupu. Ide napriklad o polia option a ednote.

Pole option je mozné pouzit napriklad v pripade potreby uvedenia dodatoc-
ného nazvu diela, jeho prekladu apod. Vdaka takymto volbam je mozné dosiahnut
adekvatny vypis udajov splnujici aktudlnu verziu normy ISO 690.

Pole ednote slizi na uvedenie vedlajsich tvorcov alebo na roézne dopliujice
informacie. Bezne sa tu mézu vyskytnut udaje, ktoré nemozno jednoducho al-
goritmizovat, preto je potrebné do tohoto pola zadat tdaje v takej podobe,
v akej sa maja objavit na vystupe. Typickym prikladom mozu byt informécie
o prekladatelovi alebo pévodcoch dalsich vydani.

Vdaka flexibilnym poliam zédznamov poskytuje balik OPmac-bib plnti podporu
normy ISO 690, a preto je jasnou volbou pre pouzitie pri préaci s plainTEXom.

5. Balik biblatex-iso690

Spomedzi existujucich rieseni uvedenych v predoslej sekcii je pre sadzbu v I TEXu
relevantny jedine balik biblatex-is0690. Existujice odchylky od normy ISO 690 boli
z povodnej implementéacie odstranené a v sicasnosti balik vyhovuje pravidlam
poslednej verzie normy ISO 690 pre tvorbu bibliografickych odkazov a citacii. Viac
nastrojov a sluzieb je popisanych v bakaldrskej praci autora tohoto ¢lanku [35].

Pévodny stav balika biblatex-iso690 obsahoval nasledovné chyby a nedostatky:

e pridrziavanie sa predoslych verzii noriem

e chybné poradie prvkov citacie

o nadbytoc¢nd/chybajica interpunkcia

e chybajica podpora niektorych typov dokumentov

e chybajica podpora niektorych vyzadovanych prvkov citécie

e chybajica sekundarna zodpovednost

e zastarany kéd

Pri revizii stylu biblatex-iso690 napokon doslo k Uplnej reimplementécii celého
stylu. Zmenou a korekciou presli nielen casti kédu, ktoré mali za 0cel vypisovat
jednotlivé elementy citovanej jednotky v spravnom poradi. Boli to aj vSetky
pomocné makra, prikazy a definicie zabezpecujice korektné spracovavanie a
formétovanie bibliografickych tdajov (z bibliografickej databdzy — .bib stiboru).
Viaceré poziadavky normy bolo mozné zabezpecit jednoducho priamo pomocou
poskytovanej mnoziny funkcii a vdaka moznostiam balika BIBIATEX. Niektoré
vsak bolo nutné vyriesit pozmenenim zdkladnych makier a prikazov BIBETEXu.
Poziadavky, ktoré nebolo mozné zabezpecit algoritmicky, prip. zostali ponechané
na tvorcu bibliografickej .bib databazy:

¢ chybajica podpora citovania formou priebeznych poznamok

e zalamovanie URL adries
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o algoritmické riesenie (ne)uvddzania prvého vydania publikécie

« alg. rieSenie (ne)uvddzania iba jedného (primédrne prvého) vydavatela

o alg. rieSenie (ne)uvddzania iba jedného (primarne prvého) miesta vydania
e termin Anon pre anonymné diela

e lokaliza¢ny retazec nodate pre nezndmy rok vydania

5.1. Met6dy citovania

Norma ISO 690 predpisuje tri metdédy citovania informac¢nych zdrojov. Okrem
uz spomenutej metédy formou priebeznych poznamok je to tzv. harvardskd me-
téda (oznacovand aj ako metéda autor-ddtum) a tzv. numerickd metéda (forma
¢iselného odkazu). V baliku biblatex-iso690 s tieto metdédy dostupné ako sa-
mostatné styly pod ndzvom iso-authoryear, resp. iso-numeric. Tieto Styly
sa Specifikuju uz v preambule dokumentu pri zavadzani balika BIBIATEX, napr.
\usepackage [style=iso-numeric]{biblatex}.

5.2. Volby balika — prisp6sobitelnost
Norma ISO 690 nepredpisuje pre bibliografické citacie konkrétny styl, format
a interpunkciu. Na zmenu vystupného formatu citacie si k dispozicii volby
balika biblatex-iso690 a prip. je mozné aj predefinovanie v preambule dokumentu.
Aktuélne dostupné volby su:
e spacecolon=[true|false] na zmenu vypisu dvojbodky pri nazve a pod-
nazve diela alebo pri nakladatelskych informéciach
— Miesto : Nakladatelstvo
— Miesto: Nakladatelstvo
e pagetotal=[true|false] pre zobrazenie celkového poctu stran ako dopl-
nujicej informécie
— Miesto: Nakladatelstvo, 2008 [60 s.]
— Miesto: Nakladatelstvo, 2008
e shortnumeration=[truel|false] pre typograficky odlisSeny skrateny vypis
informaécii o ¢islovani
— ... 2011, 32(3), 289-301 [cit. 2016-05-14] ...
— ... 2011, ro¢. 32, ¢. 3, s. 289-301 [cit. 2016-05-14] ...
e thesisinfoinnotes=[truelfalse] urcenie poradia informécii o zaverec-
nej kvalifikacnej praci
— ... Dostupné z: <...>. BP. MU, FI, Brno. Veduci prace Petr SOJKA
— ... BP. MU, FI, Brno. Vedtci prace Petr SOJKA. Dostupné z: <...>

5.3. Integracia do Sablény fithesis3
Fithesis3 je oficidlna sabléna Masarykovej univerzity na sadzbu zéverecnych kva-
lifikaénych prac v BTEXu [36]. Trieda je navrhnutd s moZznostou jednoduchej
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rozsiritelnosti i pre iné akademické instittucie. Preto bolo prirodzenou poziadav-
kou zaclenit aj balik biblatex-iso690 do sStylu fithesis3 s cielom maximalizovat
pouzivatelski privetivost. Integracia do Sablony fithesis3 prebiehala v spolupraci
s hlavnym vyvojarom tohoto balika — Vitom Novotnym — a spociva v nasledovnych
krokoch:
e novy kIi¢ bib vo volbach balika fithesis3, do ktorého sa Specifikuji biblio-
grafické databdzy (.bib sibory)
o nasledné automatické zavedenie metddy citovania podla zvolenej fakulty
e automatickd sadzba zoznamu bibliografickych citacii na konci dokumentu
o samozrejme je moznd ruénd Specifikdcia vyssie uvedeného (pozri podsek-
ciu 3.3)

\documentclass{fithesis3}
\thesissetupq{

bib = {<bibliografickd-databaza.bib>}
}
\begin{document}
\cite{...}

\end{document}

5.4. Dostupnost

Ako uz bolo spomenuté, pre systém KTEX doposial neexistovala ziadna oficidlna
podpora tvorby bibliografickych odkazov a citacii podla normy ISO 690. Az
reviziou balika biblatex-iso690 vznikla jeho oficidlna podoba, ktora je teraz do-
stupna na medzindrodnom archive CTAN ako balik biblatex-iso690. Zaroven je
pod rovnakym menom dostupny aj v TpXovej distribtcii TEX Live 2016.

6. Zaver

Clanok sa zaoberé sadzbou bibliografie v systéme ITEX podla normy ISO 690.
Uvodom je naértnutd problematika samotnej normy ISO 690 a nasledne st pred-
stavené i moznosti sadzby bibliografie v systéme IXTEX. Na zaklade existujtcich
rieSeni s podporou normy ISO 690 je blizsie predstaveny balik biblatex-is0690,
ktory sa po inicidlnej implementécii v roku 2011 dockal tplnej reimplementacie
dodrzujic pravidld poslednej revizie normy ISO 690. Bibliografické citécie uvedené
v tomto ¢lanku su vysadzané za pouzitia implementovaného balika biblatex-iso690,
moézu teda slizit ako referencny zoznam bibliografickych citacii.
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Summary: Typesetting Bibliographies Compliant with the
International Standard ISO 690 in BKTgX

The preparation of bibliographic references and citations compliant with the
international standard ISO 690 is required by many institutes not limited to
the Czech and Slovak academia. However, the typesetting of bibliographies
conforming to the respective standard is not yet supported in the ITEX document
preparation system. The biblatex-iso690 package has been revised and improved
to fully meet the requirements of the international standard and thus greatly
simplifies the typesetting of bibliographies for all kinds of information resources.
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Mélo by to fungovat V — Cykly

‘l PETER WILSON I

Abstrakt

Clanek ukazuje, jak je mozné v INTEXu prochazet fetézce a zpracovavat je
znak po znaku. Déle ¢lanek popisuje ETEXové makro \@for a jeho pouziti
ukazuje na prikladu sazby tabulky.

Klicova slova: BTEX, fetézce, cykly, \@for.

"Tis better to be lowly born
And range with humble livers in content
Than to be perked up in a glist'ring grief
And wear a golden sorrow.
Henry VIIT
WILLIAM SHAKESPEARE

Cilem tohoto serialu je ukazat ¢tenari kratké kousky kédu, které mohou vytesit
nékteré z jeho problémt. Doufam, Ze situaci jesté vice nezkomplikuji v dtsledku
mych chyb. Opravy, poznamky a navrhy na zmény budou vzdy vitény.

To no one but the Son of Heaven does it belong
to order ceremonies, to fix the measures, and to
determine the written characters.
The Analects
CONFUCIUS

1. Prace s retézci

k préci s fetézci. Nasledujici makra se mohou pouzit k postupnému zpracovani
vsech znaki v jednoduchém fetézci.

1 \chardef\catcodeG=\catcode‘\""G

2 \catcode‘\""G=12

3 \newcommand*{\vsechnyznaky} [1]{%

4+ \def\argument{#1}\ifx\argument\Qempty\else
5 \vsechny@znaky#1~~G\fi}

7 anglického originalu Glisterings (WILSON, 2007) ptelozil Jan Sustek.
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6 \def\vsechnyOznaky#1#2~~G{%
7 \def\znak{#1}\def\dalsi{#23}%
s \ifx\znak\@empty\let\next\C@gobble

o \else

10 \zpracujznak{#13}/

1 \ifx\dalsi\@empty \let\next\@gobble
12 \else \let\next\vsechny@znaky \fi
13 \fi

14 \next#2~"G}
15 \catcode ‘\""G=\catcodeG

V makrech jsem pouzil specidlni znak ~~G jako oddélovac¢ konce fetézce. Za
normélnich okolnost{ TEX bere tento znak jako neplatny (a nékteré balicky jej
méni na aktivni znak), ale zde jsem docasné zménil jeho kategorii na ,ostatni“
znak. Makro \@gobble je v IXTEXu definovano jako makro, které vezme jeden
argument a nic s nim neudéld. Makro \vsechnyznaky pfi své expanzi zavola
makro \zpracujznak{(znak)} pro kazdy znak v fetézci. Makro \zpracujznak
miuzeme definovat napriklad nasledovné.

16 \newcommand*{\zpracujznak}[1]{\textit{#1}}

Potom makro \vsechnyznaky da nasledujici vysledky.

17 \vsechnyznaky{vsechnyznaky?} vsechnyznaky
18 \vsechnyznaky{{\oe}rsted} ersted
19 \vsechnyznaky{}

20 \vsechnyznaky{slova s mezeramil} slovasmezerami

Specialni pripad prazdného argumentu fesi pfimo makro \vsechnyznaky,
zatimco ostatni pripady jsou pfeddny makru \vsechny@znaky. Toto makro vola
samo sebe a pritom postupné nacitd jednotlivé znaky puvodniho fetézce. Tomuto
procesu se tika retézova rekurze, coz znamend, ze posledni véc, kterou makro
udéla, je, ze zavola samo sebe, pripadné neudéla nic, pokud se ma rekurze ukoncit.

Pripominam, ze pokud v I2TEXu piSete zdrojovy kéd, ve kterém se vyskytuji
makra obsahujici zavindé¢, pak je musite psdat uvnitt balicku (v souboru .sty),
nebo je musite vlozit mezi makra \makeatletter a \makeatother.

Nepiijemnou vlastnosti makra \vsechnyznaky je, zZe pohlti vSechny mezery
v zadaném fetézci. V nasledujicim feseni mezery zpracujeme ve dvou krocich.
Nejdiive projdeme fetézec po jednotlivych slovech, kde za slovo povazujeme
posloupnost znaki oddélenou mezerou. Ve druhém kroku projdeme slovo po
jednotlivych znacich.

Nejdriive si nastavime potfebné véci a definujeme hlavni makro \vsechnaslova.

21 \newif\if@zacatekslova
22 \def\textrelax{\relax}
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23 \chardef\catcodeG=\catcode‘\""G
24 \catcode‘\""G=12

25 \newcommand*{\vsechnaslova}[1]{%
26 \vsechna@slova#1~ "G}

27 \def\vsechna@slova#1~"G{%

2s  \nactislovo#1l ~~G}

Makro \nactislovo oddéli nasledujici slovo od zbytku fetézce (argument je
oddéleny mezerou). Pak zavold makro \nactiznak, jehoZ argumentem je ono
slovo.

20 \long\def\nactislovo#l {%
30 \@zacatekslovatrue
31 \nactiznak#1\relax}

Makro \nactiznak nacte nasledujici ,,znak* slova. Pokud je tento ,znak* ~~G,
znamend to konec celého fetézce. Pokud je tento znak ,\relax“, znamend to
konec slova a musi se znovu zavolat makro \nactislovo na zbytek Fetézce. Ve
zbyvajicich piipadech se na tento znak aplikuje makro \zpracujznak a znovu se
zavold makro \nactiznak.

32 \def\nactiznak#1{%

33 \def\znak{#1}%

3« \if\znak~"G\let\next\relax
35 \else

36 \ifx\znak\textrelax

37 \let\next\nactislovo
38 \else

39 \zpracujznak{#1}J,

40 \let\next\nactiznak
41 \fi

42 \fi

a3 \next}

14 \catcode ‘\""G=\catcodeG

Makro \nactiznak je dalsim prikladem pouziti fetézové rekurze.

Nyni makro \zpracujznak nadefinujeme trochu komplikovanéji. Makro otes-
tuje, zda se znak nachazi na zacitku slova. Pokud ano, pak se znak prevede na
velké pismeno a vysazi se kurzivou. Pokud ne, pak se znak vysazi tuéné. Tento
priklad asi v praxi moc nevyuzijeme, nicméné je to ukazka toho, jakym zptusobem
muzeme zpracovavat znaky v fetézci.

45 \newcommand*{\zpracujznak} [1]1{/
16 \if@zacatekslova
a7 \space\textit{\MakeUppercase{#1}}/
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48 \@zacatekslovafalse
19 \else \textbf{#1}\fi}

Nasleduje nékolik prikladi.

50 \vsechnaslova{retezec s mezerami} Retezec S Mezerami
51 \vsechnaslova{{\oe}rsteduv zakon} (Ersteduv Zakon

Tato makra budou fungovat dobfe pro jednoduché fetézce, ale velmi prav-
dépodobné budou dévat nespravné vysledky, pokud fetézce budou obsahovat
akcentované znaky nebo jiny materidl narusujici plynulé ¢teni znaki. Na druhou

Vv

stranu, asi by bylo jednodussi a rychlejsi zménit fetézce rucné v textovém editoru.

Here we go loop de loop.
Here we go loop de li.
Here we go loop de loop
On a Saturday night.
Loop de loop
JOHNNY THUNDER?

2. Cykly

Obcas potrebujeme opakované provadét akci, kterd se netykéd zpracovani retézcu.
V TEXu pro tyto ucely existuji makra \loop. .. \repeat. Pouzivaji se nasledovné

s2 \loop

s3  (prikazy)

54 \if (podminka)
ss  (dalsi prikazy)
56 \repeat

TEX nejdiive vykond (pfikazy) a pak vyhodnoti (podminku) (u tohoto pii-
kazu \if se nesmi vyskytovat \else ani \fi). Pokud je (podminka) splnéna,
TEX provede (dalsi prikazy), vréati se zpét a pokracuje znovu (prikazy). Pokud
(podminka) neni splnéna, presko¢i TEX (dalsi piikazy) a pokracuje za \repeat.
KTEX poskytuje mechanismus, ktery umoznuje prochézet seznam polozek
oddélenych ¢drkami (jako napiiklad seznam voleb ti{dy nebo balicku). Obecnd
syntaxe je
s7 \@for\promenna: =(seznam)\do{(piikazy)?}
kde (seznam) obsahuje hodnoty oddélené ¢arkami. V cyklu se do makra \promenna
postupné ulozi jednotlivé hodnoty a s kazdou se provedou (prikazy).
Jak cyklus pracuje, si ukdzeme na prikladu. Néasleduje ocesanéd verze maker

z t¥idy memoir (WILSON, 2004). Makra umoznuji zarovnat seznam véci do tabulky,
aniz bychom se zabyvali ukonc¢ovanim radku. Hlavni makro
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ss \fillrows{(sitka)}{(pocet)}{(seznam)}

vytvoi{ vycentrovanou tabulku o celkové sitce (sitka), kterd ma (pocet) sloupctt
a v jednotlivych burikdch jsou polozky (seznamu). Polozky se do tabulky za-
piSou v prirozeném poradi, tj. zleva doprava a potom shora doli. Nédpad na
makro \fillrows jsem dostal po precteni TEX for the Impatient (ABRAHAMS
a kol., 1990), kde byla popsana verze pro TEX, kterd tabulku vypliiovala v poradi
shora dolu a potom zleva doprava.

Vétsina nésledujiciho kédu je podobna kédu ukrytému v definici prostiedi
tabular a nebudu se snazit tento kdd vysvétlovat.

Nejdiive nadeklarujeme citace a délkové registry, které budeme potiebovat.

59 \newcount\CT@cols % polet sloupcu

60 \newcount\@cellstogo % poclet zbjvajicich sloupci
61 \newdimen\CT@col@width J Sifka sloupce

62 \newtoks\crtok

63 \crtok = {\cr}’%

Nyni jiz mizeme definovat makro \fillrows. Makro mé tfi argumenty —
celkovou 8itku, pocet sloupcii a seznam polozek. Na zacatku makra nastavime
¢itace podle poctu sloupc.

64 \newcommand{\fillrows} [3]{\par\begingroup
65 \CT@cols=#2\relax
66 \@cellstogo=\CT@cols

Dalsi ¢ast kédu se provede po vlozeni kazdé polozky do tabulky. Bud vlozi &,
nebo alternativu makra \\.

67 \def\@endcolactions{)

68 \global\advance\@cellstogo\m@ne
69 \ifnum\@cellstogo<\@ne

70 \global\@cellstogo=\CT@cols

71 \the\crtok

72 \else

73 &

74 \fi}%

Déle se spocita sitka sloupcu a nastavi se rozvrzeni tabulky.

75 \CT@col@width=#1

76 \divide\CT@col@width \CT@cols
77 \penalty 10000\relax

7s  \noindent

7o \vskip -\zQ

so  \def\@preamble{}/,
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s1  \begingroup
82 \let\@sharp\relax

Nyni pomoci cyklu \loop. .. \repeat projdeme vsechny sloupce kromé posledniho
a vzdy priddme k makru \@preamble vhodné mezery a znak &.

83 \ifnum\CT@cols>\C@ne

84 \loop

85 \g@addto@macro{\@preamble}{/

86 \hb@xt@ \CT@col@width

87 {\strut\relax\@sharp\hfil} &3}’
88 \advance\CT@cols\m@ne

89 \ifnum\CT@cols>\C@ne

90 \repeat

91 \fi

Za poslednim sloupcem znak & nebude.

92 \g@addto@macro{\@preamble}{¥%

03 \hb@xt@ \CT@col@width

04 {\strut\relax\@sharp\hfil}}/,
95 \endgroup

(Vyse uvedeny kéd nastavi sitku kazdého sloupce na hodnotu \CT@col@width.
Pokud zakomentujeme tadky 86 a 93, bude sitka kazdého sloupce nastavena

pripravné préace na tabulce.

o6 \let\@sharp ##

or  \tabskip\fill

9s  \halign to\hsize \bgroup
99 \tabskip\z@

100 \@preamble

101 \tabskip\fill\cr

Jednotlivé polozky se do tabulky vlozi cyklem \@for.

102 \@for\@tempa:=#3\do{’,
103 \@tempa\unskip\space\@endcolactions},

Na tomto misteé jiz je tabulka hotova a muzeme ukoncit definici makra \fillrows.
104 \the\crtok \egroup \endgroup \par}
Jako jednoduchy priklad vytvorime nasledujici tabulky.

1Potom samoziejmé bude prvni argument makra \fillrows nepodstatny, jako je tomu
v prikladu na Fadcich 107-109. (pozn. prekl.)
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105 \fillrows{0.5\textwidth}{4}{jedna,dvé,t¥i,tyfi,pét,%
106 Sest,sedm,osm,devdt,deset}

jedna dvé tTi CtyTi
pét Sest, sedm osm
devét deset

107 \fillrows{0.5\textwidth}{7}{A,tady, je,vysledek,pouziti,makra,?,
108 \tt\char‘\\fillrows,p¥i,sazb&,do,sedmi,sloupci,nastavenych,%
109 na,svou,pfirozenou,$itku.}

A tady je vysledek pouziti makra \fillrows
pri  sazbé do sedmi sloupcti nastavenych na
svou prirozenou Sitku.
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