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1.) T 601 AGAOQGET 1
Getting computermarn ol amglleagd sanids hiumpor t ant

the wutility of-laeaogpager s raNatatalbn,n-speech
eration, and programming are typical ways |
plays a rol e. The better stelfiud o dchnmep rcednmremusti eorr
hence there has been considerable current e
ear |l y 11r9o6n0isc.al ly one truly internatieonal hum
gl ected in this connection i s mathematics it

With a few Wnoncvoednet i @emeasgmiet hemat i c al expres
in readapl gi nTetcenxnti.cbt pmathis a “lightly mar
hence the uslTdheoff ofrmaariliyand i meayedpup built
presenftanimomMi st i ngki s dfsorbrearttswd i, s weaperf er to
the neadtlextplfairmd&tl AdOa e Ot AO-tpepbaeskhtati or
format AODIPEIhGITAG $§ near c&dor mat uhseeudr ivsittihcs base
on the Unicode math properties to recogni ze
aid of e x@r /i cfia rmetesh. h T h e irse cfoagmiiltiitoant ed by
stremngpfoont mat hemaltsiAtc aleri sgmlyo t hecan neear f o
usedmatnh zones” explicitdiyt hceorn-bwibtl Hc &g B gt € h ¢
as used in TeX or with a ctheaxrta cenrevlU sfeonromeantt at
math zones is deginriahbloen, heiumrde ttiltes rag®eo not i

Théinear i fworrneatc oanpd y# as rtehaafln T e X400 r
Mat h3Ho.wever unl i ke tt hoasessptftoancludeall s/pograph-
ical embellishments Instead we feelit ° s u s e f udometerabellistanerdsline
the higher-level layer that handlesrich text properties like text and background cd
ors, font size, footnotes, comments, hyperlinks, ettn principle one can extend the
notation to include the properties of the higher-level layer, but at the cost of e-
duced readability. Hence embedded in a rickiext environment, the linear format
can faithfully represent rich mathematical text, whereas embedded in a plaitext
environment it lacks most rich-text properties and somemathematical typograph-
ical properties. The linear format is primarily concerned withpr esent aitt on, bu
has some semarhtaitc mfi egehdt uobsebsg mcont ente-ayri ent e
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ar yandfsunacradp panrygumes e e 38an8.).9hese hawe been
cluded dbospl dy-imgf bocttonsywoghaphppehey al s
hetpnteroper atoeg i winttledmatrltogr a ms .

Most mathematical expraeasxasimbngubaasedhe nnepr
af or mat , fromanmwhbhe hexph®eeeXedMapbhMLa] C+ +, and
mani pul ati ohhegerloigm@aas . f or mat bof oowenanhdbdt at i
mati cal objects that don’ t l end themsel ves
e.g., desg. matri

A variety ofasybtaxseddoifodbactchpeiarsf mame!t
this papenufmbeor effccieati anputoraful rmatftiemat i
cient general i tguatlotygupnmadrhte mat ghal typogr a|
round trip elegant mat h etneaxtti ceanlv itreoxntmeantt , | eaan
mat that resembl es a rCavli omatl tye matmpao aolmi rse@tsa
these goals had to be made.

The linear format is useful for 1) inputting mathematical expression$ 2) dis-
playing mathematics by text engines that cannot display abuilt-up format, and 3)
computer programs.For more general storageand interchangeof math expressions
between math-aware programs MathMLand other higherlevel languages arepre-
ferred.

Section 2motivates and illustratesthe linear format for math using the fraction,
subscripts, and superscripts along with a discussion of how the ABGpace U+0020
is used to build up one construct at a timeSection 3summarizes the usage othe
other constructs along with their relative precedences, which are used to simplify
the notation. Sedion 4 discussesinput methods. Section5 gives ways torecognize
mathematical expressions embdded in ordinary text. Section 6 explains how
Unicode plain text can be helpful iprogramming languagesSection7 gives concu-
sions. The appendicegpresent a simplified linear-format grammar and a partial list

of operators.

2. %1 Al BEI@®IADE %@bOAOOEIT O
Gi vemi code’s strong sdmpeloati feort anaA d@Imla,t i k

better c-aaxta eha@aodi ng of mat hemati cal expre
The mostnowal IASCI | encoding of such expressi
for compari son. Mat hMLand 9sndmree bvoeplips sonkam
ply to it as well . Not withstanding TeX’' s phe
neering communities, a c asoufal magtl haenncast -iacta i tesx

sions reveals that they axprneosts iloonogks evheeryy rnew
| tni ot easy to make é&lygdéeakhmaect cpl asli agi deX’ s

With Unicode, one can represent mathemati cal
resulnteiapgai n ©E xbeen clametdh f ew or nfoormogdidh cat
cal culTahtiisoncsapabil ity i s considerably enhanc

system that can al so displ awp afnodr reedi t t he ma
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The presethindmoduces tiweae tlhi Mmearctfiommat subsc
superispts concludes with a subsection on ho
U+0020 is used to build up one cnoanksethreuct at
' i near i Oefeomati nputti ng matl me ngaetniecraall fwohremmuel ase
and semamdaweacnexcdiemiput conveni enpcrei awaist ygi ven hi

21 &OAAOQOEIT O
One way t o rapcadiofnyLdee & aadfynuinser ator.} { denomi
Thqg ajre notwlpen nttreed fractiToesiessbhbmple wovpl es i

give a “phatnisextmn™ambi guous, but | @eeks quit

sponding mat hemati cal noteatwi oeadt hereby maki
l nstwerlé f i ne a simple operand to consi st '

dei mal git s, ialep h a nac mepraimes to b e 5 e mtgo 1A 8 d

Nd General (<a&hgbir kRl ASADBaLADeA AdGANer al Cat egc

As such, a simple numeratormoosntom@&hpmamamer r i

icharagchelbuding, for example, (@QUHAGGERDHDt i ¢ o0pe
Uni code <hianat#étler 2r240ng3xF F BG-QJ.2 F F, ahdo QU +

U+2AFF The fraction oupseuraat ds(O+i0s0.2gsi \Beam-tihy tshe
ple -bpiftacti on

38
appealrisnear afA\dfAmat forceofa wWosmikigferaacti on,
onean \bWsebacksl ash foll owed by sl ash).
For more complicated operands (surc-h as th
t hes)e,s Hr dckedrs Jraaersbé¢ used to enclose t he
combinations. |ld padenhbesevesemampsescspdednt he
and foll owedt bygpsadrpeenrtaht enspess, darsep | aypdf o mm,bui |

since usually one does noSo wama pAedidne et esxutc h(
dipd ays as

Q0
I n practice, this approach | eadsaetXd spl ai.mg.t,
\f rac{a, +sch@gdly i onasnes, parent heses are not n €
{} s. To f or ¢ éed ther pdo rsdpnl t,ahyeosoedsoesres  hemur n,
within parentheses, whi clparkeaenkhdedmreeoemampglhe, o
(A+A )Ai spl ays as

@ &8

Q

A really neat feature of thisofnaetnhégion i s

i mate mat hemati cal notation in itCondwrasri ght

t his wvathhwdh e i onwi twihhi cd p)areeardtsh ese s
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<mfrac>
<mr o w>
< mia=/ mi >
<mo>+</ mo>
< mice/ mi >
</ mr ow>
< mide/ mi >
</ mfrac>

Thrbetlpt fraction variations are avail abl e
(whi ch one mightdsdinvw)utb ubiyl disy pupn gt hbe a“ dsikweiwseido rf
sl ash” (W+#db2uli5l ds wup to a potent iaanldl yt hlearcgier cll
sl asHJ+229n8di v) builds up a small numeric fr
ot her than digitslhean hiree eu sheph dasrs acfteiddwisl tar e

trated by
o

]g:

g . -— . W Q

—,(A) wh (O(O,Q h 5 7 — “Q

9"9 = "0 w w Q

.Q 'Q
When building up the |l arge | inear fraction,
removed.

The sameabphbéaxosed for a “stack” which i ¢
fraction bar. The stack is used to create bi
i s(\attdp)For exampl e, the binomial theorem

o 5 ‘8 v 5

0 W q®
in linear f(or8madtdf neads das cluassyidogd agefd rt h e
t o)

(A+A M= Eq)o(ipAEA -,

wheridB( is the binomial coeffictéemant Fhoupedhe

a tiThe. summation | imits use the subs®script/ s
t hreestubsection

Since Dbinomial coefficientschaces equddret rcod!
word fon themli hear 3 f orhmast\cukbkeecss ietohwepre-r at or
st emfd taheop opA&dcabodihheglbyi nomi al coefficient
theorem above camhddesevrk,t eans sassmi“nng t hat you
t he k. This shortcut i's 1 ncluded primarily
pretatsyy € o type.

When / is followed by an operationrtdenit’ s h

ed This fact | eads it AC/AOpEAr mp log, s wdainkee oy , e njtuesr
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type / g.t8 best of such negatedSegernatnmord. don
To eqteyou can al sdne yplutTeX=si mnasmlei,ghtl y si
names for the othiemn 8Seguatedhéapdeat ®omse r ememb
other trick wiahpteraodionsciosmmahan é-et ween
t ween the slash and a digit is considered t ¢

terminator. For exampgl—e /a3 HF8trd@ohkanni | ds up t

22 30AOAOEDPOO AT A 30PAOOAOEDOO

Subscri ptperapedi pts are a bit trickier, b u
Speci fically, we introduce a subscript by a
the ASCI I unde.r sk ogiempl eass ulns clreiXpt operand c

one or moeares cvwiatrhactthe GC&halrphalCatiegporaed Nd
di gid swella as theFomvesamplecommpaiijr of subs
is written as] * 8i mi |l arl vy, superscripts are introdu«
which we diAsSpdlady "a.sa @Amena deAX néckeancement for
at ext processinguppycd ranbsiwititetip ldaayi Itcheb- as a ¢

script dawmd adathrow as a small superscript up
semantics oup tdpeesreatbaurisi din a math context.
Compound subscripts and superscriepts 1 ncl
ses, square brackei sjswdtendasicur’l .y nbraades.i o8o0 i
is worthwhile to treat two more operators,
ways. Specifically, if a subscript operand i
t hat i s, in turn, foll owed pgrwbdtappaaes b
i . e., i's treated as the operator mdaadr ter mi
period foll owed by tneatl pthaas mpart ef the s

ment obviates the need for many overriding
readbbhfearmakks €&ec. f 8r 1ore discussion of com

Anot her kind of compoundcudsksaempitpt wihs ca s
usingtoieght assodiAAsti vnduy. f @B igh'Asatrdnyds f or

Parentheses are needed for constructs suc
©, which KX$AAg,) veiAbigspl @éf¥sasadP®A.IThe build
up program i s responsible for figuring out v
Typically the base is just Aimiinige e mast amp lte
But it could besiaonbroarc ktehheatrheemet ®fs aa funct i
sin as @nwhioh2 OEhdeé&asd adSor more discussion
case) . It can also be aanadpar atmdi ,c @ndi mtthiee
teoriented scripts the base is $®dgridmt-aat t th
perscript operator.

As an example of a slightly more compl i cai
W , whiamh be wrti llai enfie @aw icad | ” , , where Uni code

numeri c subsclrni pltesX, aroen eu steydp.e s

6 UnicodeTechnical Note 28
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$ WAYb3 t bdie [{irahdlslgma_2} $

The TeX vegismmiseiringodUsfiocrodt he sy mb@} &1 namel y
e

pc 21 % oP} MR, Wnincede has a full set of d
supersAgsigptpractical matter, numeusicng udrscr i
underscore and the number foll owed by a spac
fication is thatdédwer brackets are nee

For the ratio
|

r T

t hlei n-ffe@ar mat t eax$,PrcaRfr3eydndtlhee st andard TeX ver
reads as
$al pHBog ébret a3+ amma -

The Ifi mreraatx t is a |l egitimate mathema-t i cal e
sion bears no resemblance to a mathemati cal
TeX becomes cumbersome for | onger equations
3 p 'rY |'.~Y
W Y —-— Q -
Y Y

Al i nfe@ar mat si on of this reads as

W d1p1¢2" 3 WDipM B+ 1/ 831 &2 aLda’2[ ( ddpN 2-f2
Upc® 1 Y phc" 0 B ]

whil e the standard TeX version reads as

$W_\d el trahdlsilgma{\Rét a}
= UVUd4dl trah ol AB e t+a }{olve\pi & 2}
\i ntal{phalalphfdablphd eZ't |
{ U\d{e | trah ol {AB e t-Ba}l pha _2°
U\{hadsilgma{\Rét\ayer
UN{hdsilgma{\Réttal}li gist |

23 50A 1T &£ OEA "1 ATE j3pPAAAQ #EAOAAQAO
The ASCII space character U+0020 is rarely needed for explicit spacing of built

up text since the spacing arouneperators should be provided automatically by tle

math display engine (Sec3.16 discusses this automatic spacing)Howeverthe space

character is very useful for delimiting the operands of the lineafformat notation.

When the space plays this role, it is eliminated upon build up. So if you typalpha

Unicode Technical Not@8 7
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foll owed by a space to get a, thelaphpace i s ¢
Similarly a_1 b_2 builds up asaib2 with no intervening space.
Another example is hat a space following the denominator of a fraction is
eliminated, since it causes the fraction to build up. If a space precedes the numerator
of a fraction, the space is eliminated since thay be necessaryo delimit the start of
the numerator. Similarly if a space is used before a functieapply construct (see Sec.
3.5) or before above/below scripts (see Se@.3), it is eliminated since it delimits the
start of those constructs.
In a nested subscript/superscript expression, the space builds up one script at

a time. For example, to build upA*A*At Mt wo spaces are needed

used for build up. Shoumel dost huepr tohpee rvalt wlre | @ Xkper

the operands are unambiguously terminated by
In TeX, the space character is also used to delimit control words likalpha

and does not appearinbuitup form. A difference Inet ween T
ear format’'s is that in TeX, b-lpadisiday, ar e i n
whereas in the | inear f or matorKeywardskiesre-t hat do

sult in spacing.Additional spacing characters g discussed in Se@.16.

One displayed use for spaceis in overriding the algorithm that decides that an
ambi guous unary/binary operator |i ke + or -
operator is considered to be 3pacesareyalsoand t he
used to obtain the correct spacing around comma, period, and colon in variousneo
texts (see Se.14).

3. %1 AT AET ¢ / OEAO - AOE %@bOAOOEITO
Therevisewds i on hWewcwebesncode fractain@nss,upgub:
scripgthe ilnnear format and. gikhkescar fee-rt d$eoct

scribes how we encode other mathemati cal cor
with a more formal discussion of the I|Iinear
31 $Al EIi EOAOO

Brackletalré¢s @and pa)y emdpresesnt( t hemsel ves i
l ain text, and a word process-upgfeymtlems c ¢
hobled a belnel atrligeem t o f it ar ounldn wheartérsali nwe dree
o such chAIrRicE@kQbDedsi mited pair need not co
f delimiters. For exampl e, Jatn'ds ofnien es eteos ot phe
usage i n some mat hemati cdlosdogument sniter ca
and/ or a Dededrmd dreir ZEARIAR Odat h Mid.

These choices suffice for most deisies of i
i twirt haamatt c Mien g mintdent o overrul e thedenpien/ cl os

itershe speclopenkayaoe dcsaefth.d®e t r anbsokxat e t o
dr awsicth@ r altdret,s respBoxi dedwings characters a

p
S
t

0
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open/ close delimiters because they aren’t |
ters and they ar e rlefadu dogrde abaenfiyl alhlag aich et on th
del i mftehmhe opposthteopgehstamictse as an tinvisibl
er, defining the correspondcogmendusé af dehi
t he §cagaeatdclnas

WE&E T
¥ e m
which has thegx+TTaeaix>f &nafk< M) see3l®ec.
for a di s ceugsusa-oirnocapye r ih e r
Because the cases constr utctasiess fcaoinrtiryo |l c owo

for 1t. This can be i mpl enBewittedictalsre sh hoep eri ne e
tor8 7EOE OEEO OEA ANOAOKI=T ( &#AGA o/@kief AA x OE
"x< "0,) which is stildl a littlehstopegengbaur

br aecredt | ose.
The open/cl osen dbB&idmittoercsverrul e the norn

character of del i mters as in the admittedl]l
usedexpr A8 7" owhi*dh has tmd+Al[i Netae thhatmaa Bl a
foll owing an open or close delimiter is “ea’

be foll owed by a nommalr pdhedtii migtaesrn gwiet hdoeul ti mi
See al3X.ob8sSeltaw t o make al bhmeedsy tga olugithrgesat
an empty open delimiter when it appmears bef
by a space tdefomceetrdoteinoeepr e

To suppress automatic si zimnigs afnod |toavedh dbo/s
di gi-t4” Owith the meanings in the following t

$EJ- AAT E
0 Don’ t
1 [TeKi g
2 |TeX Bi
3 |TeX bi
4 |TeX Bi

't s rarely necedszeaersy itfo tihsee daxsplliagi tsyst em
within bracketed expressions.

Thesagfe open and cilnostehedelliiimg d edmiotrtmad]| y
compromi se between t haende xtphlei cdets inraet ufroer oaf |Te
notoant,i bluexi bebd tworctam t he spemp rad hiysev-hen i nt
ating with ergdesntacrh haysWh 61 WY G matelX Jdlpesfiste m
andight for this\lopempathasenstWeadsefthe | att
apply 4o efimphthemati cs used in many Arabic |
| etftga i ght mat hemati cs.

Absolute values are represented by the A
evenness of i ts couenstt ianty yabreyt ed iévyemh eberbiaecrk et n

Unicode Technical Not@8 9
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t heerti dal abearl ocsa&ltlhye, Epesitfiappearance is co
opefuhl ess subscriptedher neg¢gpabecsiosted d owi n ¢
operateohe next an open |, and so forth.

Nested absolute valboambicainyg ubsdliyshcaanrddliendg t
out er most parent heses within an-upbespuee va
si f@-|Ulcan hheel i nead-|Uf)§omat chéps, such as th
be parsed without the cnlgartihfayti nag wearrteinctale stea
following anomerer|at oButiAdNle r«adp|lteha- cl ar i f

rentheses since it cadd H@ )i kAApr eTeed asueal t

algorithm gives the former, so if one wants
one camAARple | (

Anot her case where we treat | as a cl ose
(U+0020) . This handl esbrtah ev e cntpoorr tiamt Dicrassce rDc
example, the quantum mekdanti cal defeinsitiyomper

" 0 g &h
where the vertical bars can be i nput using t
I f a | i's foll owed by a nsdu bhsacsr empg oceahidn ¢ r

open ittr eiaz ed as a scrilpitth Wad.é nitdhisl pta czteer , i .
should be the height of the integral sign in
The Unicode norm aieQiil Mihtasr tUh+2Pp0slaéme( o s e
definaditoms absolutexvapuetbchtracteral ways c

del i miter.

Del i miareral so have sepaerasladimet Wi nlkeian f be m:z
doesn’t formalize the comma separ atbarts of f 1
it supports the Ywhariwhailc hbairs sreepparreagteonnt ed by
i ngs Itiigchatl veer&dr2602). We trie@d+o&T7o@)y tthhes AS
pur pboe e, but the r easruentsiumgnoamb mpDEEFiad a s e
using U+007C as a separator thafNAcamwhkee edeci
AanAare mat hemati calAA&X pirnetsesripornest.s Btuhte (vert i c
absolutend adme . mi ght want(AAo aisntaenr porpeetn tdheel i
wih ) as the corresponding close ded¢d miter,
cede trfhe if|AbThe (verti cal bar separator grows
of the surroulndi\ed, shicdalct&kret eaper at ors acan be t
tors by precai chdgddeUh#e5Sny 1wi t h

Anot her common $mipchrartao@t+e2rd,2 3 cdheemmonl y used
in expressgyQonsy .| i klei § separator al sor-grows i
rounding brackets andopeéarsatspraced as a relatio

32 , EOAOAT / PAOAOI 0O
Certain operators | i ke brackets, m+races,
tegrahavetspeci alhemefaoniemgyt a hnohaat haewren

10 UnicodeTechnical Note 28
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ter li ke "+, which displ ags i nhpb ufgaatma dgl yph
from a possiblepdiays rmedwdtei om) the | inear f
an op¢elrmaemmave t-hermanemol e of, suecehciebdye oper at
the “literal op draxtk®\i "®,s f aory¥[& owhsi odh stpheayed as

dinary | eft square br abcukielts, o fwiwahr en a roa tntae nopht
responding righStudd@iu@ber drackeaire aut omati ce
in the current operand.

Linear format opeéer aotforas sailmgalyes Wmincsadse ¢ ha
a controllopvemdmaéy klee used tWwsiimg ua scihreglceh aate

ter has the advantage of being globalized, ¢
Engl i sh. Users can dsefti maet oltdek Iciokme rwdr dvsor
guages just so |l ong as they map into the apcg

exception tbathetsingperator rule occurs fol
applied to twoeos M8epOS&SkParathese the accen
mar kK may be prbercecadke ds thbayc ea fnoor t he sdke of r e
vantage of wusing operator characterwsprather
processing mad hepeiAnide dfnaes tsehroul d del i ght i
the operator characters | ook I|like the opera
words do not .

33 00OAOAOEDPOO AT A ' AT OAT" A1 1T x 3AOEDPOO
A speci al psayrneinstxhese ad edo form prescripts,
and superscripts that pARAikcerdeeattetse itrheb asree.s cF

vari abl ari ables can have both preccripgtss an
angduperscripts).

I n Ve3asfilme | i near for mat, you can use a p
Te X' s. Just type a subscript and/ or a super
foll ow it with a character Q‘E\eh)aampzlam, byeo w steydj
_c”"b a. Note that vyou need to terminate the
precedes the prescript, you also neme-d to pr
mon use of prescripts is for tshuec hOdnsf | uent
Ver s3, orchains be i npuag ak~)HA_F. 1 or

Bel swri pts saanrdi mtbovaere represented in gene

oper atboerl sodv) ad \above (@ ), respectively. Hence the expression
I EJ & can be represented by lind (nk « )a_n Since the operationglet, gcd, inf,
lim, lim inf, lim sup, max, min,Pr, and sup are common, their below scripts are also
accessible by the sual subscript operator _. S display mode,] EJ & can also
be represented by lim_QK o) a_n which is alittle easier to typethan lim6 (nk o)
an

Although for illustration purposes, the belowscript examples are showrhere
in-line with the script below, ordinarily this choice is only for display-mode math.
When inline, below and abovescriptsentered with _ and ~are shown as subscripts
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and superscripts, respectively, as are the limits fon-ary operators. When entered
with 0 and p , they remain below and above scripts iine. If an above/below op-
erator or a subscript/superscript operator is preceded by an operatorthat operator
becomes the base. See S8 for some examples.

34 1-AOU / PAOAOI 0O
n-ary operators like integral, summation and product are sub/superscripted or
above/below operatorsthathavea t hi rd armarmeaand” .t hFreor* t he i |
the n-aryand is the integrand, and for the summationi t thessummand. For both
typographical ands e mant i ¢ pur poses, i tn‘argands.drettieu | to i
linear format, this is done by following the sub/superscriptedn-ary operator by the
naryand concatenation ogrator \ naryand (U) which is U+2592. The operand that
follows this operator becanes then-aryand. For example, the lineaformat expres-
sion| ~&UxH x/( x"2+a"2) has the built up form

where xH x/ (x"2+a*2) is the integrand and H is the Unicode differential character
U+2146. Unlike with the fraction numerator and denominator, the outermost a-
rentheses of an-aryand are not removed on buildup, since parentheses are oo
monly used to delimit compoundn-aryands. Notice that theH character automat-
cally leads to a small space between thiband the’Q cand by defaultdisplays as a
math-italic Qwhen it appears in a math zone
To delimit more complicatedn-aryands without using parentheses otbrackets
of some kind, use the begin\end (F £ see Sec3.18) delimiters, which disappear
on build up.
Since\naryand i sn’t t hethemias of can lbetused. THislae n a me,
so works as an alias fok funcapply in math function contexts (see Se@8.5). This ali-
as is motivatedby sentences | i ke * Tohxex is anehalfgbr a | fror
sqguared.”
Sometimes one wants to control the positions of the limit expressions expliei
'y as i n \lnsts (apger limeé xbove, lower below) and \ nolimits (upper
limit as superscript and lower as subscript) control words. To this end, if tha-ary
operator is followed by the digit 1, the limit expressions are displayed above and
below the n-ary operator and if followed by the digit 2, they are displayed as supe
script and subscript.More completely, the number can be one of the first four of the
following, OR"d with any of the next thlonge (whic
with neither or one of the last two

nLimitsDefault 0
nLimitsUnderOver 1
nLimitsSubSup 2
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nUpperLimitAsSuperScript
nLimitsOpposite
nShowLowLimitPlaceHolder
nShowUpLimitPlaceHolder 16
fDontGrowWithContent 64
fGrowWithContent 128

|~ W

35 - AOEAI AOEAAI &OTAOEITO
Mat hemati cal functions such as trigonomet
recognized as such and not italicizedAs such they are treated as ordinary text (see
Sec3.16).1 n addition it’ s aithshe inasible Feunctioo Applp | | ow t h
operator U+2061 (\ funcapply). This is aspecial binary operator and the opeand
that follows it is the function argument. Inconverting to built-up form, this operator
transforms its operands into a tweargument object that renders with the proper
spacing for mathematical functions.
If the Function Apply operator is immediately followed by a subscript or -
perscript expression, that expression should be applied to the function name and
the Function Apply operator moved pased the modified name to bind the operand
that follows as the function argument. For example, the function six falls into this
category.
Unlike with the fraction numerator and denominator, the outermost parentle-
ses of the second operand of the functicapply operator are not removed on
buildup, since parentheses are commonly used to delimit function arguments. To
delimit a more complicated arguments without using parentheses or brackets of
some kind, use th& £ delimiters (\ begin \ end) which disappear onbuild up. If
brackets are used, they and their included c
For example O Edb omeansOEd & To getOET 1 6 whereodis part of the
argument, one can use skfuncapply(\ omega\ omega_0)t, or enclose thargument
inF £ delimiters.

Since\f uncapply isn’'t t h\ef camdbe tisediimfunationt i ve nar
apply contexts.\ of autocorrects toU U2592—\ naryand, see Se@.4), but context
cangive it this convenientsecondi se. Thi s alias is motivated

sine of 2x equals twice thesine of x times the cosine of’xi.e.OEto ¢O KA T c®

I f a function name &ap”’ aA Bpacepaoeits repl
no-break space (U+00AOQ) as desibed in Sec.3.16. If an ordinary ASCII space were
used, it would imply build up of the *“Ilim” f

36 3NOAOA 21100 AT A 2AAEAAI O
Square, cube, and quartic roots can be represented by expressions started by

the corresponding Unicode radical characters (U+221A \sqrt), 2 (U+221B,\cbrt),
and3 (U+221C\qdrt). These operators include the operand that follows. Examples
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arevabc, a¥bj andz (c+d), which display as/id 86 cyand Md  Q, respective-
ly. In general, thent h r oot radi cal i's repres&&@nted by
where a is the complete radicand. Anything following the closing parenthesis is not
part of the radicand.For example /1 £Q® & displays asli®d @
In Version 3 of the linear format, you can obtain/id cusing more TeXlike
input \ root n\ of(a+b). In this format, the degree of the rdical can be more than one
character without enclosing it in parentheses. For example, o ccan be input
by\rootn+l\of ( b+c), whi c h\roosn+Bof{bic}l ar t o Te X’ s

37 %l Al 1 OO0OAO

To enclose an expression in arectangle one uses therectangle operator
(U+25AD, \ rect) followed by the operand representing the expression. This syntax
is similar to that for the square root. For example ‘O & &g displays as
. The same approach is used to put an overbar above an expression, @am
ly follow the overbar operator  (U+00AR overbar) by the desired operand. For an
underbar, use the operator (U+2581,\ underbar).

In general therectangle function can represent any combination of borders,
horizontal, vertical, and diagonal strikeouts and endosure forms defined by the
MathML <menclose> element, except for roots, whichare representedas discussed
in the previous Section The general syntaxor enclosing an expressioris (£ Qw),
where ¢ is a mask consisting of any combination of the following flags:

fBoxHideTop 1
fBoxHideBottom 2
fBoxHidelL eft 4
fBoxHideRight 8
fBoxStrikeH 16
fBoxStrikeV 32
fBoxStrikeTLBR 64
fBoxStrikeBLTR | 128

It is anticipated that the enclosure format number n is chosen via some kind of

friendly user interface, but at least the choice can be preserved in the linear format.

Note that the overbar function can also be given by (¢ @) and the underbar by
(v @.

Other enclosures such as rounded bg circle, long division, actuarial, andle
lipse can be encoded as for the rectangle operator but usirappropriate Unicode
characters (not yet chosen here).

An abstract box can be put around an expressianto change alignment spac-
ing category, sizestyle, and other properties. This is defined byg (¢Qw), whereé is
U+25A1 (\box) and ¢ can be a combination of one Align option, one Space option,
one Size option and any flags in the following tabie
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nAlignBaseline 0
nAlignCenter 1
nSpaceDefault 0
nSpaceUnary 4
nSpaceBinary 8
nSpaceRelational | 12
nSpaceSkip 16
nSpaceOrd 20
nSpaceDifferential| 24
nSizeDefault 0
nSizeText 32
nSizeScript 64
nSizeScriptScript | 96
fBreakable 128
fXPositioning 256
fXSpacing 512

38 300AO0AEU #EAOAAOAOO
In addition to overbars and underbars, stretchable brackets are used in nifat

ematical text.F o r

exampl e,

W
W

the “underbrace”
OEI AO
E o

and

The linear formats for these are (x+E +x)*(k "times") and (x+y+z)_(>0), respec-

tively. Here the subscript and superscript operators are used for convenient ke
board entry (and compatibility with TeX); one can also use Se8.3 s lovseript
and abovescript operators, respectively.The horizontal stretchable brackets are
given in the following table

U+23DC \ overparen
U+23DD \ underparen
U+23DE \ overbrace
U+23DF \ underbrace
U+23E0 \ overshell
U+23E1 \ undershell
U+23B4 | Y | \ overbracket
U+23B5 | y | \underbracket

Unicode Technical Not&8
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There are many other characters that can stretch horizontally to fit text, such
as various horizontal arrows. There are four configurationsa stretch character
aboveor below a baselinetext, andtext above orbelow a baselinestretched charac-
ter. lllustrating the linear format for these four cases with thestretchy characterk
and the text®d & we have

. L
W w 9 | d7w
O N O 1
o N 1

39 - AOOEAAO
Matrices are represented bpameyanat ati on ver
pression of the form

EAapdop.@. . Agy &agP... )

wheEds the matrix ch@raséer t@+x2ns AGtand ows,
for the | ast row which is. tehimshA@badbbdy t he

al i gporvedi®d, etc., nixli mati bidx apvhl@rse t he maxi mum
number of el emdritss tihre aanurmbeeamdt miowsi.s const
with enougtho caodcuoommsodate the row with the | &

with rows hawisngifveewmersudritiroii kaeprixihAks eabl ee:
an exan@deQ displays as

0 €4

&
W

| f you want parentheses aroundoufe matri x
Because parenthesized matri céepmatreed xq uiotlte co
t h

word at automaticallyi $ mplleaderst epdariemt hbese
format 3wertshipmad ri x 08 e @toa®dQ displays as
w Q

310 ' AAAT O /1 BAOAOI 00

Mathematics often has accented characters. Simple primed characters like
are represented by the character followed by the Unicode prime U+203&hich can
be typed in using the ASCIl apostrophe. '‘Double primed characters have two
Unicode primes, etcln addition, Unicode has multiple prime characters that render
with somewhat different spacing than concatenations of U+2032The primes are
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special in that they need to be superscripted with appropriate use of heavier glyph
variants (see Sec3.12).

The ASCII asterisk is raised in ordinary text, but in a math zone it gets transla
ed into U+2217, which is placed on the math axis as the +. To make it a superscript
or subscript, the user has to include itn a superscript or subscript expression. For
example,a*? has the linear format version a**2 or a”(*2). Here for convenience, the
asterisk is treated as an opernad character if it follows a sulscript or superscript
operator.

Other kinds of accented charaers can be represented by Unicode combining
mark sequences. The combining marks are dod in the Unicode ranges U3300—
U+036F and U+20D0- U+20FF.The most commonmath accents are summarized in
the following table

\ hat U+0302
\ check | U+030C
\tilde | U+0303
\acute | U+0301
\ grave | U+0300
\ dot U+0307
\ddot | U+0308
\ dddot | U+20DB
\ bar U+0304
\vec U+20D7

B:|E:|E:|Ex 8:&( g,: E:|E:|Ex

If a combining mark should be applied to more than one character or to arx-e
pression, that character or expression should benclosed in parentheses and fo
lowed by the combining mark. Since this construct looks funny when rendered by
plain-text programs, a nebreak space (U+00AQ) can appear in between the pare
theses and the combining markFor example, ¢ @ lenders as® cwhen built
up. Special cases of this notation include overscoring (use U+0305) and undersco
ing (use U+0332) mathematical expressions.

The combining marks are treated by a mathematics renderer as operators that
translate into special accent builtup functions with the proper spacingfor mathe-
matical variables.

311 $EAEAOAT OEAT h %@bi TRAUIOKIAI G AT A )I ACET A
Unicode containsa number of special doublestruck math italic symbols that

are useful for both typographical and semantic purposes. These are U+2145

U+2149 for doublestruck D, d, e, i, andj (G h H h |, reBpecfivhly. Fhey have the

meanings of differential, differental, natural exponent, imaginary unit, and imag

nary unit, respectively.
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In US patent applications these characters should be rendered@$ Hhad h J h K
defined, but in regular US technical publications, these quantities can be rendered as
math italic. In European technical publications, theyare sometimesrendered as p-
right characters. Furthermore theD and d start a differential expression and should
have appropriate spacingor differentials. The linear format treats these symbols as
operand characters, but the display routines should provide the appropriate glyphs
and spacingsSee Se@.4 for an example of an integral usingj .
312 51 EAT AA 30A0AOEAOEDAD A 30PAO
Unicode contains a small set of mostly numeric superscripts (U+00B2, U+00B3,
U+00B9, U+2076—-U+207F) and a similar set of subscripts (U+2086-U+208F) that
should be rendered the same way that scripts of the corresponding script nesting
level would berendered. To perform this translation, these characters can be tréa
ed as highprecedence operators, spans of which combine into the corresponding
superscripts or subscripts when built up.Since numeric subscripts and superscripts
are very common in mathenat i c s, It’s worthwhile transl s
built -up scripts in built-up format and the Unicode scripts in linear format.
The prime U+2032and related multiple prime charactersshould also be tred
ed as superscript operatos. Display routines shaild use an appropriate glyph var
ant to render the superscripted prime. The ASCII apostrophe can be used to input
the prime. When it follows a variable, e.gw, it should be converted into a supe
script function with aas t he base and the primm- as the
portant to merge the prime into a superscript that follows, e.gg¥ecshould display
as® , where both the prime and thec are in the same superscript argument.

313 #1 1 AAOAT AOGET T [/ PAOAOI 0O
Allremai ni ng operators ar e s6mualbectsetheyt i on op
are concatenated with their surrounding textin built-up form. In addition a conc#&
enation operator hastwo effects: 1) it terminates whatever operand precedes it, and
2) it implies appropriate surrounding space asliscussed in Sec3.16 along with the

mathematical spacing tables of the fontSincethe spacing around operators is wel
defined in this way, the user rarely needs to add explicit spaaharacters.

314 #1011 Ah O0AOET Ah AT A #1111
The comma, period, and colon haveontext sensiive spacing requirements
that can be represented in the linear format.

Comma: when surrounded by ASCII digits render with ordinary text
spacing. Else treat as punctuationvith or without an ASCII blank fd-
lowing it. In either punctuation case the comma is displayed with a
small space following it. If two spaces follow, the comma is rendered as
a clause separator (a relatively large space follows the comma).
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Period : when surrounded by ASCII digits render with ordinary text
spacing. Else treat as punctuation with or without an ASCII blank l[fo
lowing it. In either punctuation case the period is displayed with a small
space following it. No clause separator option exists for thperiod. An
extended decimaipoint heuristic useful in calculator scenarios allows
one to omit a leading 0, e.g., use numbers like .5. For this if the peried
followed by an ASCII digit andl) is at the start of a math zone, 2jol-
lows a built-up math abject start character or endof-argument charac-
ter, or 3) follows any operator except for closers and punctuation, then
the period should be classified as a decimal point. With this algorithm,

a/.3 displays as ;
W

&

Colon: <space>’is displayed asUnicode RATIO U+2236vith relation-
al spacing.” without aleading space igisplayed as itself with punctwa-
tion spacing.

315 /| OAET AOU 4A@0 )1 OEAA - AOE :1T1TAO
Sometimes one wants ordinary text inside a function argumenor in a math

zoneas in the formula

N AAEOOAT AA

OMO=5eT4
For such cases, the alphabetic characters should not be converted to math alphiabe
ic characters and the typography should be that of ordinary text, not math text. To
embed such text inside functions or in general in a math zone, the texan be en-
closed inside ASCII double quotes. So tfermula abovewould read in linear format
as

"rate"="distance'/ "time".
If you want to include a double quote inside such text, insekt'. Another example is

OB+ QO AS8TA8 get the “c.c.” as ordinary
guot es. Ot herwise the ¢’ s wildl be i fal
ter them.

Alternatively ordinary text inside a math zonecan be specified using a charex
ter-format property. This property is exported to plain text started and ended with
the ASClidouble quote Note that no math object or math text can be nested inside
an ordinary text region. Instead if you paste a math object or text into an ordinary
text region, you splitthe region into two such regions with the math objecteand/ or
text in between.

316 3DPAAA #EAOAAOAOO
Unicode contains numerous space characters with various widths and prope
ties. These characters can be useful in tweaking the spacing in mathematical exgre

Unicode Technical Not@8 19

t ext,

Ci

Z e (



Unicode Nearly Plain Text Encoding of Mathematics

sions. Unlike the ASCII space, which is removed when causing build up as discussed
in Sec.2.3, the other spaces are not removed on build up. Spaces of interest include
the no-break space (U+00AQ) and the spaces U+208aJ+200B, 202F, 205F.

In mathematical typography, the widths of spaces are usually given in integral
multiples of an eighteenth of an em. The em space is given by U+2003. Various space
widths are defined in the following table, which includes the corresponding MatviL
names having these widths by default

Space Unicode MathML name Autocorrect
Oem U+200B zero-width space \ zwsp
1/18 em U+200A veryverythinmathspace | \ hairsp
2/18 em U+200A U+200A | verythinmathspace

3/18 em U+2009 thinmathspace \ thinsp
4/18 em U+205F mediummathspace \ medsp
5/18 em U+2005 thickmathspace \ thicksp
6/18 em U+2004 verythickmathspace \ vthicksp
7/18 em U+2004 U+200A | veryverythickmathspace

9/18 em U+2002 ensp \ensp
18/18 em U+2003 emsp \emsp
digit width | U+2007 numsp \ numsp
spacewidth | U+00AO no-break space \ nbsp

In general, spaces act as concatenation operators and cause buildafihigher-
precedence operators that pr e c evidth spach e m. But
(U+200B) to be treated as an operand character and not to cause build up of the
preceding operator. The nebreak space (U+00AO0) is used when two words need to
be separated by a blank, but remain on the same line together. The fweak space is
also treated as an operand character so that linear format combinations like
“l smp” amaf "]l icmn be recognized as single o
(U+0020) were useda f t er t he “ I i m”, it would i mply bu
rather than beismug”pamf“dfif mrhcet i“dn.m

In math zones, most spacing is automatically implied by the properties of the
characters. The following table shows examples dfow many 1/18tsof an em size
are automatically inserted between a character with the row property followed by a
character with the column property for text-level expressions (see also p. 170 dhe
TeXbookand Appendix F of the MathML 2.0 specification)

ord | unary | binary | rel | open | close | punct
ord 0 0 4 5 0 0 0
unary 0 0 4 0 0 0 0
binary | 4 4 0 0 4 0 0
rel 5 5 0 0 5 0 0
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open 0 0 0 0 0 0 0
close 0 0 4 5 0 0 0
punct 3 3 0 3 3 3 3

For the combinations described by this simple table, all scripievel spacings are 0,
but a more complete table would have some nonzero values. For example, in tixe e
pression® @ the lettersa and b have the ord (ordinary) property, while the has
the binary property in this context. Accordingly for the text level therds 4/18™ em
between thea and the and between the and theb. Similarly there is 5/18t em
between the = and the surrounding letters in the equatio® ¢ A more complete
table could include properties like math functions (trigonometric functions, etg, n-
ary operators, tall delimiters, differentials, subformulas (e.g., expression with an
over brace), binary with no spacing (e.g., /), clause separators, ellipsis, factorial, and
invisible function apply.

The zerowidth space (U+200B,\ zwsp) is handy fa use as a null argument.
For example, the expressiom shows the subscripté cautomatically kerned in
under the overhang of theD. To prevent this kerning, one can insert fizwsp before
the subscript, which then displays unkerned af

317 OEAT O1T i 6 AT A 31 AOEAO
Sometimes one wants to obtain horizontal and/or vertical spacings that differ
from the normal values. In [La]TeX this can be accomplished using phantoms to i

troduce extra space or smashes to zero out space. In the linear formsg¢yenspecial
cases are defined as in the following table

Autocorrect | LF op Op name width | ascent| descent| ink
\ phantom U+27E1 | white concavesided diamond w a d no
\ hphantom U+2B04 | white left-right arrow w 0 0 no
\vphantom | ¢ U+21F3 | white up-down arrow 0 a d no
\ smash U+2BOD | black up-down arrow w 0 0 yes
\ asmash U+2B06 | black up arrow W 0 d yes
\ dsmash U+2B07 | black down arrow w a 0 yes
\ hsmash U+2B0C | black left-right arrow 0 a d yes

The general case is given byphantom(n&<operand>), wheren is any combnation
of the following flags:

fPhantomShow
fPhantomZeroWidth
fPhantomZeroAscent
fPhantomZeroDescent
fPhantomTransparent 1

DO | IN|F-
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For example, in the following equation thée in the upper limit is inside an\ hsmash
phantom, so that it has no width and thereby pulls the integrand in toward the it
gral

P Q— P

¢ B GOE 1D

N~ A - A~ - ~ ~

318 ' OAEOOAOU ' Oi OPET ¢O

The left/right white lenticular bracketsF and £ (U+3016 and U+3017) can be
used to delimit an arbitrary expression without displaying these brackets on build
up. The elimination of outermost parentheses for arguments of fractions, subscripts,
and superscripts solves such grouping problemaicely in most cases, but the white
lenticular brackets can handle any remaining caseblote that in math zones, these
brackets should be displayed using a math font rather than an East Asian font.

319 NOAOGETT ! OOAUO
To align one equation relative to another vertically, one can use an equation
array, such as
P Oow ¢
ow PO T
which has the linear format T (10&x+&3&y=2@38x+&13&y=4), where T is U+2588
Here the meaning of the ampersands alternate betweealign and spacer with an
implied spacerat the start of the line. So every odd & an alignment point and ee-

ry even & is a place where space may be added to align the equations. This conve
tion is used in AmSTeX.

320 - AOE :11TAO
Section 5discusses heuristic methods to identify thestart and end of math
zones in plain text. While the approaches given are surprisingly successful, they are
not infallible. Hence if one knows the star
preserve this information in the linear format.
I n pl aithre tlente,ar f 0-ROAE to startsaensath zone and
(U+2046) to end it. These are not ordinarily be used itechnical documents, so tb-
se characters would rarely need to be quoted (preceded by a backslash). They are
analogous to TeX's $.
When importing plain text, the user can execute a command to build up math
zones defined by these matizone delimiters. Note that althought her e’ s no way

specify display versusih i ne modes ( Te Xsefwlcdventienrffassiss $$) a
tems that mark math zones is that a(hard or soft) paragraph consisting of a math
zone is in display mode. I f anyingudingta of t he

possible terminating period, then inline rendering is used.
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321 »NOAOEIT 1T . Oi AROO

Equation numbers are often usd with equations presented in display mode.
To represent an equation number flushed right of the equation in the linear format,
enter the equation followed by a # (U+0023) followed by the desired equation ma-
ber text. For exampleT(E=mc”2#(30)) or more simply just E=mc"2#(30) renders

as .
0 4d (30)

322 , ET AAO &1 O AAT AEAPADRARAO
The linear format divides the roughly 100,000assignedUnicode characters -
to three categories: 1) operand characters such as alphanumerics, @) bracket
charactersdescribed in Sec3.1, and 3)other operator characterssuch as those d-
scribed in Secs2.1—2.2 and 3.2—3.19. Operand characters include some nora
phanumeric characters, such as infinity (o),
operand, Unicode minus (U+2212pr plus if either starts a sub/superscript operand,
and period and comma i f t he-width ASCIH digits ounded
(Sec.3.14 gives a generalization of this last case)n other contexts, period and
comma are treatedas operators with the same precedence as plus.o r ev e al whi ct
characters are -awaratedstoopecaudbd pe instr
erators with a different color or some ot her
In addition, operands include bracketed expressionand mixtures of such &-
pressions and other operand characters. Hendéx) can be an operand. More specific
definitions of operands are given in the lineafformat syntax of Appendix A

Operands in subscrifptacti dnmper gomoit Bt boxes
part i n terms of operators and operator pre
familiar to mathematically oriented peopl e,

operators might s ur patiabel ygn et hebBt0 2fpiasmsed n( Mo s t
portant operatext ienddceci rpd adomMceat hemani e u
terminat ea pkiranudes3ed Ans®ektl but coimmon | i s
given in Table 3.1

4AAGBHEOQODHAET T OO0 TBAJAAT OO0 EOADPAARDEABAAT AA

CR

( ImE{

) In£} |
&h
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U
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N
& Al 23
Combining m

whe€R = UNOO@D:t hat the |AJQI+I00v7ieQ)t ischaolwsb aurp b
opening bracket and as a closing brmacket. T
ness of its count at aory gtilvem domacikedr anteisd n
3.)1 tSypiclad fyi appearance is considered to be

the next an open |, and so forth. The vertic
considered to be a vertiycatlhebabroxs edpraarvaitnogrs alr
tical chabaegyer WeUtried using the ASCII Uu+o0

sulting ambiguitiesexwepte inssrmplbetabbkbes | il
ti 8n.1

As in arithmetic, operators hawver pretceden
tion of operands. The operators are-grouped
dence, with equal precedence values on the
3+1/ 2 = 3.5, not-t2xtSiempl#mwmkpwtshe pl ain

| Tr_”|©rT
Precedence causbergoparemd Fgfievses t he | atter.
The following gives a |ist of the syntax f

(see Appemoirceo Aplf @re agr ammar )

AKBAGD Createup buattion A@Bhdndeaomi or
t oA@D Numerator and denominat or exf
nated by operators such as [/ *]) and

by enclosing in parentheses).

ABA 3D Similar to fraction, bute-no fractio
times called a stack.

AMOAgGD SuperscriplAd®rnpt aBdADABEhre- supe

scr Ppttsedxi st oae UWryimbol s. eS-ub/ super
pressionsadred ,t & rdmi *ejxpadmpbllea n k .
Sub/ superscript operators associate

AA OR@ B Subscript A@gPpr ehdADAsEBhe swyubscripts
+(xi st as Unicode symbol s.

AMORATA BD Subscript AdBpdessipenscrA@doexpressi
the AAGA The s.ybsexriispt sasmUni code sy
bol s.

AR BB AORrescript A@PndubepA@Poerilpe base
AAOA
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A G ab Di splay dxgPread irend abloA@®A t he base
Abov belsocwi pt operators associate ri

A G &b Di splay dxgPreamsxzirend beAbO®A t he base

[A @Pp Surr dw@®dd t h -ubpuiblrtackets.} @hdni( arly

Simil agl)y, (flor|3{flfeeg®@eral i zations.

[A aPA @b Surr dw®dd t h -ubpu iblrtackets froll owed by
scri/h@@Rrdoved gihhp emough) .

8Adgp Ab st roac ta rfo@ditn d

Aap RectanglAdmRround

Aap Under badAdPouaeer bar operator is U+2F¢E
ASCIlI 1l wunderline character U+005F) .

Aap OverbarA@bove

| Aap Squar e Aradot of

:A@D Cube rhozex of

5A@D Fourth Addot of

| Agd@A P Ader ood @Of

n AP aBA @B u mmat i Argbfde @ t h s vAk@Bimdn d
"\A@Bre optional

E-AGRRA @A GEPr oducA@apda@mi t h mul A@pAdacaln d
"\A@Bre optional

3 AR gBA G ntegrAgbéd@amt h i nkebhdamadl @b
are optional

AapAop. @ Al iAggbvd@D etc., to buAppdengi an arr
A for complete syntax).

Agp & ap)).

Not e Unhatode’ s pl et hoapme rodft iormast hoeunha ttihcealc ap ab
the approach in representihg mankbamatocmht ex

Precedene simplifies the textrepresenting formulas, but may need to be ove
ruled. To terminate an operand (shown above as, for examplexp) that would oth-
erwise combine with the following operand, insert a blank (U+0020). This blank
does not show up when the expression is builtuB | anks that don’t term
ands may be used to space formulas in addition to the builh spacing provided by a
math display engine Blanks are discussed in greater detail in Se2-3.
To form a compound operand, parentheses can be used as described for the
fraction above.For such operands, the outermost parentheses are removetlhese
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operands occur for fraction numerators and denominators, subscript and supe
script expressions, and argments of functions like square root. Parenthesesp-
pearing in other contextsare always displayedn built-up format.
A curious aspect of the notation is that implied multiplication byjuxtaposing
two variable letters has very high precedence (just belowhat of diacritics), while
explicit multiplication by asterisk and raised dot has a precedence equal to that of
plus. So even though the analysis is similar to that for arithmetic expressions, itfeli
fers occasionallyfrom the latter.
323 NOAOET T " OAIAEET ICATAD A
Version 3 of the linear format has two features aiding equation breaking and
alignment in display math zones A soft (optional) line break is created byhe invis-
ible times (U+2062), whichis a binary operator and you can break on it and align to
ittt shouldn’t display a glyph, except for a
With it you can effectively break an equation before any character, not just on baA
ry, relationa | and some ot her oncetoddplay asmultipaner al |y
tion times symbol x if it ends up being the best point for an automatic breakKhis is
analogous to the way the soft hyphen (U+00AD) is used in ordinary texthe zero
width space is also a binary operator and as such can be used to break equations a
tomatically.
Interequation alignment canbeaccompl i shed by inserting &
operators, one per equation and not inside math objects, to be aligned at the same
horizontal position. For example, the lines

a&=b+c

X+y&=3

build up as
W W o

See also Se8.19 on the equation array for similar functionality.
324 3EUA /1 OAOOEAAO
Version 3 of the linear format has a command to override the default character =i

ing The inverted F char act e rrious ASCllUchdtatt8r® ) foll
changes the “font” of the tcétmtcontragtmra_z,example,

which builds up asw 8The subscript 2 is larger than normal in the former. Some of
t he codes are defined in the table

One size larger
Two sizes larger
One size smaller
Two sizes smaller

o|0|®@ >
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These values are handy for roundtripping increase/decrease argument size context
menu options.

4.)1 OO - AOET AO

I n view of the | arge number of characters
ive some discussion of input methods. The A
- 10 1 ) { 1}, but often need to be wused

vide convenient entry of many other symb
backs| dadoh |l Owed obpyertaierdegi rietds Natud oc or r
t a particularly vatlaxtbl| matuls ef mrfmathei m eqa
uthg formulas into technical t ddeicruemeetntis or
of tagged formats | i ke MathML is very cu

- ~ s o~ A

Fr osmy n taanxd t ypo groasrdifi c & i e Wn i ctohdee mi nus S
( U+ 22 1d2i)s pilissnyset detahde oASCl-hi myp hew+002D) and t
(U+203u2s)edi si nshe adASOIf I apostriophmat(ltUhB20Rey ,
mi nus sign and pri me s@&aSnCblientenhietre st bat ngot
proper typography, t hge pgliyngeh s\wwamnil @an th atvlea ta

i
h

scripted | ooks correct. The primes in most
|l i ke a superscript, but they don’t provi de
well with other superscripts.

Similarly ipei ASElalsi eetteo®r ¢ ythan italic I
mat hemati cal vari abl es, such |l etters are tr:é
a user might want to make italic the defaul

the right toaoVvVer whleem AnNlose €d eefl y.gant mapproac
zonies to attreansetters deéeomed ttoo tihe atpamdpri at e
betic characters (Hut+ 10FErF riamge hd&J+1B40@r | i K
U+2210U0+21)3F Letter combinations corresponding
| i ke “si ms’hoared retpare™sent ed by AAS Glulc ha |tphheayb eatr
italicized and are rendered with noamal typ:t
ph@Pt her-empoishfanecne mentmap mséri gke e

U+20
U+00
U+22
U+22
U+22
U+22
U+22
U+22
U+22

|
= |IV [IN [D:]Q] < |+ |

vialvial-|-
VAL )
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p-ahoul dn’ tw,maspi nicnet oe x @« A|m $ ie 0 rt o mimio k e
a good i
factori al

not

~=|e

=

U+22

> [ K

U+21

dea

t o

map ! = i

nt o £,

V e 3, egated counterpartsto common mathematical operatorscan be
entered by typing a / in front of the operator by. Operators with this behavior in-
clude those in the following table

these characters

for

Operator

Negated op

Input

<

M

/<

/=

/>

/\ exists

-4 3 V

@

/\in

—

/\ni

‘D w

/\sim

/\'simeq

D | D~

/\cong

/\ approx

/\asymp

NN 0]

/\ equiv

I\le

/\ge

/\lessgtr

/\ gtrless

/\'succeq

/\ prec

/\succ

/\ preceq

Ol Os pz| o5 | =

/\ subset

/\ supset

/\ subseteq

/\ supseteq

/\ sgsubseteq

n| »|o| o on

m|-oq = 20| | T e Ov| O - ('S 1 Z| I-| Z| R |” |4MquD | o

/\ sgsupseteq

t he,

ar e

in the U+22xx

ASClandharacters <
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If you don’t | i ke awh eanu t eomtaetriicy gtur naenashi au n doa
t he tr amysltaypiomg, folSuétxamel et Ctor Issaz. t hat
algorithms can dramatically simphdfesxphe ent
sions

42 - AOE +AUAT AOAO

A special mat h shi ft facility for keyboar
symbol s. The values chosear eam ey bdoasrpd.ayFrdr
pl e, the | eft Al t key could access the mos:
Greek |l etters, the right AlIt key coul d acces
and the right Ctrl key could accessn-script
bol s. The numeri c keypad of fers |l ocations
Sub/ ssucpreirpt digits using the Il eft AIlt key. l
| eAltt symbol set , et c. Thi s appt 0"'ssthli fyi el ds
Ot her possibilities involve the NumLock and
the | e€CtdIrfiaht keys. Pretty soon onpge- realiz
proaches I|literally billions of combinations,
than Unicode can handl el

43 (AGAAAAEI Al )T OO
A handty@whmiexode endary meobhdoeidert Uni code ch

in gener al and math characters in pa+ticul al
deci mal code (in ASCII1), making corrections
hexadeci mal code is replacedar dgt @rh.ei d&choa r AlstpH
toggl e, that i s, type it once to convert a
convert the char acToegrg Ibiancgk btaoc ka thoe xt hceo dhee.x ¢
for figuring out what a doramact emakies it f ct lee

| ooking up the character prldpeéerhtei ehseexi nc otdhee i
ceded by one or more haeaxadooddmad o dti lgatt st, h e ep
ing hexadeci mal charactersodeenan raobedag i
value Ox10FFFF, which is the highest <charact

24 00T x1 - MO0 AAIGICO-ARIOO O

Pu-dbwn ma&mad st corlébapspulsdor méitamad i g | ar ge
er set st,enbdu stlob beetklteayrboar d approaches i f you
eys torhtlyapteggd oach i s the symbol box, which
her chosen by the wuser or di splaying the ¢
oxes can be dragged anat idomgp peatt rted o keey ¢
oard(s), or direMulltyi pilnet ot aabpspldaamtacreqiani z e
tions accordingOnsoreabj keybmattderana-symbol
bl e for entry of mat hemati calgeaef@masekons a

menusg-fhbuse Jheerneusqui te useful since nt-hey pro
tegéensitive suagthi ass converting a stacked frac
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45 - AAOI O

The autocorrect and keyboard magrssyfeatur
tems provide other ways of entering mat hema
with TeX. For \ad xpahnap lienfs etritpsi agppropri ate autoc

present. This approach is noticeably-faster
tractive to those with some familiarity with
46 , ET AAO <«AOE AIOOOI AT OOAAO , EOO

Theinear maobhmautocorrect [ i st i ncd-udes mo

proach,
mat hemati caldigygxrtdssi ons

pendi ¥ER oA8 Adikieh a,pl os a number tot her s
ting itnheearad osimawn in the following table

#1171 OOT I|#EAOAA(#1T 1 OOT I|# EAOAA

\i nt f (U+[\oi nt B 5 (¢

\sum > (U+2]\prod M (uU+2

\f uncap|(U+206|\nar yeaonflU( U+25

\r ect (U+25(\sqrt N U22A

\open m(U+51(\cl os e n(uU+25

\above |p(U+25(\bel ow [0 (U+25

\underb (U+25f(\overbal (U+0

\under b| (U2DP |[\over br| ( U2BDE

AACET |F 5 omnl AT A £ 5 om

\phanto| (U+27H\box e (U+25

\hphant (U+2B|\vphant|¢( U+21H

\asmash| (U+2B0\dsmash| (U+2B0O

\hs mash 5 ¢"|\smash (U+2BQO

\matrix|E(U+25|\eqgarra|T(U+25

Appendi x B
wor ds
User s

can
florwhi ch
all ows

( AT AxOEOOAIT
Parti cul aralnyd

handwriting
It’s

contains a
and-ftomenalti kegwor ds

define
requir
| ocal

desi

their
es

)1 06O
fToarb | RDASPCs ,

recogni zer
rabl e

| es s

i zation of t

t o

defaul4EAk esd ARG T KEey wor

own

he

i s
bypass
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- ~ s o~ s~

5. 2AAT CI EUET ¢ - AOEAT AGEAAT %@POAOOET T O

Pl at ektnearl ymahothmatat € d al expressions <can
simple documentation purposes. Useo-in more
gramming | anguages requires kwmadwlcaadgetafuct hue

This section describes some of the heuristi
plain text.

Note that | 2 o eomp | a ncdztarradalt hc har acters ar e
Se8 .2s0peci f i B4204%) btaats a math zone and (U+2046) endsit. These
are not ordinarily be used intechnical documents. If they do need to be included in a
math zone, they can be preasdescebddirhSe8.2 he “quot

Many mat hemati cal expressions idetntify th
ing the need to declare tkemwax gdleiXciptrloyo!| & sn
TeX' s inability to detect expressions that
encddswithin $’ s. I f one | maweersr ooru tmeas s$ gleys
because TeX interprets subsequent text in th

An advantage of reabgrixpireg s mawowme mintdih o u t
matohf f syntax i s thradant tt o susnarc hemoores t®fl et h
i's automati c, while in TeX one basically ha
guesti onmorFur tthheirso ud pdp rboea cihs ecf u | I n nan i mpor
deavor, namely in recaoamanihzinmag iamd dadrnwearattiumg
yet avail abéorei emt adr endbg &lclhe f orm, into that

It i s possible to use a number ofsheurist.i
sions and treating them accdrpdionogil,y.b uTth etshee yh
to the most popular <choices. Speci al comman
can be used to overrule these choices. Ul t i
aut of or mat style wizard t htaetxtt angasdheoser essi o
state Iis revealed to .t hleheusuesrerby oasl tdo dlhkeanr ol
t hat were tagged incorrectly. A math styl e w

appropriate MathML tags.
The basic idea is thahemathvedbgwaceseaerch i d

tially 1 dentify their surrounding characters
the frvddt+i2dnm 4) and ASCI | sl ashes, symbol s i
U+22FF, the symbol c o-bti2rikrhge , maaatk s h § Wu 2@ DI0OC s
(U+1D40HO1D7BRY, in general , Uni code <charact el
property, identify the characters i mmediate
expressions.

| Eatlient t er mat hemati cal var i ablneast harae al r e
phabet s, they are considered parts of math
have some recognition heuristics as wel/l as
vari abl es. Specifically ASCII l et enet pbairs ¢
mati cal expressions, and as such should be i
appear i n a |list of comihen tEmglwioslsandtEuWurmo,]
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mat hemati cal expression and italia¢ihzed. Many
i cal in nature and suggest that theisr neight
sions.

Strings of characters containing m-0o white:
ambi guous mathemati cal characters ase gener.
Si®n Cert aihmr atevdoeftawerr words insidel BGch exp
be italicized. These include trigonometric
I n, cosh, et c. Words or abbreviations, oft
Se6., al so should not be italicizedg-even wlt
mati cal expressions.

Speci al cases wil/l al ways be needed, such
The 1itopra at oreairntjreocdau(cseedse rtatheat f ol | ows it

treatedcdoabuidpkeumtdDhhi s all ows the printing o
modi fication that by default are considered
to a changed dispeéemgti c&lIi mekprégsi mas that
as ordinary text cam m&n Bamdbownfa thdeydnbbod tsweor b
ordinary text attribute if they need to be
numerator of a fraction.

6.5 OEOEA |, &1 AiHO 00T COAi T ET ¢ , AT COACAO
In the middle 1950's, the authors of FORTI
after FORMula TRANsl| ati on, but they only wer
Fortran and ot-lhevelculrarequadgeasghkst imMalt hdeanan o tc a
formul as and considerable human coding effor
heir machine comprehensible counterparts.
** Kk jsn’t Asnd emaratbrl ®@n'ass subscrisfptBea( k) i sn
rand ®Rmesséebaagdod notation has a subtlety an
i mes make it seem almost | ike a | iwbe teache
titute T &romhobghbt ppopurhadfer ni ewmp wetser | ang
re badl.xt lhe&dshglava all ows many Unicode ¢
nd Fortress goes further, resembling mathen
Using real mat hemati cal expressioes in col
i or i n terms wdedr eaddadibngi tymesedprogram n
treamlined documentati on. Il n studying com
deal I's unattainable, and that one must be
t 1 s or s-mmehemhercabohoast TeNKte esx avmgmn h
his premise. Whereas true mat hematircal not
abilities of macrha ngetrteicroggna tliotn,clweser now
I n general, mat hematics has a fvewlhi avh de
|l ook | i ke the arithmetic expressions of prog
it would be desirable to be able toe-teach <c
mati cal expressions, | wafematrmat . wi th our Unico

T = — un =

32 UnicodeTechnical Note 28



Unicode Nearly Plain Text Encoding of Mathematics

6.1 ! AOAT OACAO OEAQEERAOORELOAI O

I n raw for m, these expressions | ook very
sions. With use of the heuristics describe
in tradidtwipordalrmbui IOtn di sk, tABSe& Y Ic pm olge asnt d
accepted by standard compil ers anMapsyembol i c
Mat haetm c a, and Macsyma. The transl ation be
ASCI 1 names nkaeased bdygmASICéEds and symbolic ma

cancheried o#d#tookupa (ableriting to disk) an
from disk) techniques.

Hemc formul as can be at oAlcdko npprutnabalbed,e eint h
numerically or analytically. Note that this
a relatively complex way wusing speco-alized
grammanguéadges can have expressions acontai ni
tions and speci al characters, such as Greek,
symbol s [|i ke the sqguare root. Two | evels of
and vectoreratSoalsarcamp be performed on tradi
those for C and Fortran. The scalar mul tiopl)
a |l egitimate mat hematical symbol, i nstead of
mi ni mum, themeactdi onmple epuiireend ealn | amjgaatge s
C++.

The aaygaxntof ust ebgit neheer apflearianmat| east t hreef

1) manfyor mul as i n document files can be pr

them into a program file and inserting
This dramatically reduces coding time an

2) The use of the same notation iarntrogr am:
cles and books |l eads to an unprecedente

act , since many programmers document t |

' 1, this enlightened choice of enotati on

ess or nonexistanhd dpceimkbenhttdooument at
3l n addition to providing useful tool s foc
teps should help us figure out how t
eaching computers to understand-and u
i onsSuch machine comprehension would g
ations as wel |l as the conver shamd of t
rititneprut i nto machine usable form.

The concept i s portable to any eakeés onment
advantage of ¢#hreefladtantghuatgelsi ¢dh ke C and For
character (*“_" and “$", respectively) that c
in a fashion similar o TeX.replmwciadedtioire sanh | o
such as aliasing the asterisk ith a raised
symbol for mul tiplicati on. The Java and C#
variabl e names, which is a major stre-p in th

f
a
I

I

S 0

t S €
S roe
t h
w
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enl i ghteneodhl| ASCloimpi | er s can be done via an
Uni code chlaea€betsess | anguage adopts Unico
taking considerable advantage of Unicode’ s |

.

62 #1 1 PAOEOI T 11 EI Ol COAOQEITO

To get an idea as to the differences betw
mat hemati cal formul as and th proposed way,
C++ routine entitled I HBMWM (inhomogeneously

voi d WM{BM i d)

{
gammap = gamma*sqgrt (1 + 12);
upsilon = cmplx(gamma+gammal, Del t a) ;
al phainc £ galmmagd @aMmma*1 2/ gammap)/ (gammap + u
if (!'!gammal && fabs(Delta*T1l) < 0.01)
al phatah fxal phaO*l 2*pow(gamma/ gammap, 3);
el se
{
Gammd /1 + gammal;
I 2sF = (1 2/ T1)/ cmpl x( Gamma, Del t a) ;
betap2 = upsilon*(upsilon + gamma*l 2s¥F);
beta = sqrt(betap2);
alphacoh = 0.5*gamma*al phaO* (1l 2sF*( gamma
/ ( gammap* ghaertnmeap?2 ) )
*((l+gamma/ bepgxi)l*qdme/t@beta + upsilo
-(1l+gamma/ gamma-pupsiglaomalp
(gammap + wupsilon));
}
alphal = alphainc + alphacoh;
}
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void | HBMWM(voi d)

{
T ENp ON
Poror s
| ETA 'EAp, B EONGTIG + o
i & SEAAPDPY 181D
| AT E ®&F EOEDI »7 du;
el se
{
W prY [
0 orYyrs s,
I iEi I EQ
I V[
| . EEB)EFEI O $Tro#0 f
p rA Ef t¥1 ¥ p rMOErd +7r6 1t ;
}
| | ET A ATE
}
The above function runs fine with C++ compil
restrictions based on its |imited operator
plied together wusing dot, Cross, and outer
overload in-ug+form|nthai function | ooks even
namely

void | HBMWM( voi d)

{
rOTE p O
Fror Wy
1 BEp 2L
i X SEAABY T181)
| BF FEOEITG ;
el se
{
3 pT’Y r;
o I
f il‘z’ FE"Q

o
A ®B B Fzz— p - B— p — Eg;

Unicode Technical Not@8 35



Unicode Nearly Plain Text Encoding of Mathematics
| g1 Al AiE

The ability to use the second and third
t hRS TecWoridc aRr %cecierscsaorl 9 8 8 . With 1t we alr
to true formula translation on input; and
mati cal not aticondedLp mesi @vwepdt didre noaui,l tcompl et ¢
fraction boaotss,, sagudarlearrge parent heses. To co
from a technpaatesiobcuamept ogsapmpirfaprei,atiensreaits
dots for mul ti plsiNoatcihcamn gand fc ovmapiilaedbl e names
that 70% of amwleatfioamullan ttrhi s way, the C++
page compiles without modification.r The cod
mulas in print [see Chap¢]l.. 5 and 8 of Meystr

Questions remain such as tonwhéetehedni cwhle
pl ain text Sshould be -tariadlelde asampag,t orf Wwhe
should be transl ated to subscript expressio

Vv
e a
t !

Similarly, it would be straight f odriwcaartdi ntgo a L
mul tiplication) between adjacent symbol s, re
here there is a major difference bettween mat
Iy, mul tiplication is infinitely prakeisse an
time and is restricted toit@ahobliinmryedubalet h @d
aldgequat e) precision. Consequently for the
consider adjacent symbols as part of a sing
|l etters are part of a variable name li-n curr e
l i geati ahags wi | | be developed that decide w
formed and insert the asterisks optimally.

6.3 %Pl OO0 O 4As8

Export itsosTenX| arprtoog reaxnpnoirntg tloanguages, b u:
fied set of requirementsenWsthlreudienil pedg
di stinct syntax. Thi s Isiamesa rs yfradlramaduagm be u

teresting to think about submitting a mat hen
can recognize and separatdahowst copmaogrcd mo nf, 0 rc ¢

comment syntax is not particularly pretty; I
cal dividing |lines between code and comment
some refinement of the ways that camments a
For exampl e, it would be-prinee ftac i haag avivdr:
nous wipadewscrolling and the ability to disfg
corresponding // comments in the rimght pane
memns , one widens the right pane accordingly.
many characters of code, the // comments nee

Wi th TeX, the text surrounding thhe- mat hem
ni cal document ,s amd dliesX imgeadss h$'t he t wo. The
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the plainttest suoghheywh althe heui nstSig@s adeé Damgi be

way in determining what i s maealhgematAicc®rdndg]
the export method consists of identbsfying tI
ing them in $ s. The speci al symbol s are tr
ASCI I names as for t  Ad t praoagtamelty @aXabBatciamn s

\[\] open/ cl ose approach.

Export to MathML also requires knowing thi
b utulpt f unccatn oanlsl be rdMatddMbatmedt ssongcombi nat
el emelmhtes most gl aring omissiomtinhRidi®s sntnat i

ary” element: one needs to use one of a wvari
with thd-adgsiopedator limdddei an eme>meeds to
bers, operators, and identifiers.

We have shown laaddwl i Wi oimsat bewni code, mat h

sions can usually be reprasampi eatdenxwti t,fho ramarte a
which we cal |l .t hTenhel itreexar cfoonrsmastt s of combi na
operands. A simple oper anmge rcaotnosriss,t sa od e fai nsip
Ssubstanedatéy the numbeverofi dparpeantrime sarsd t h
creases the readabTol istiympdfi ftyhda hgl aniont att e otn,
precedence values that control the associ at
overruled by parentheses. Heuristicg-can be
ni ze what parts of a docusmeonnts . arTeh i ma tahl el noavt
Unicode plain text to be used in a variety
preparpatritancul arly f,orsyimbpdti cpumrama speud ati on,
computation.

A variety of syntax chofiacrematc.ouT he beh awiscds
in this paper favor efficient input of math
supporguéal igthy mat hemati cal typography, t he
mat hemati cal textexat eheasonmmana,trhemdad rae sfeanb |
reall mat hemati cal notati on. Obviously compr ¢
made.

The heuristics given for recognizing math
they are not infallible. An bifafne catuitvoef oursmea o f
ting wizard that deéei math whbhhAovbtfduwc bdl embtkas
actfeorr mat atThebuser coahgntetbemeotvet heail ees .
math zones are i denteixfpioed urme gMaitvhomlLh ke toyompi |
consumers of mathemati cal expressions is str
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This work has benefitted from discussions with many people, notablpSTech-
nical Word Processorusers, Asmus Freytag, Barbara Bemt, Ken Whistler,Donald
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Knuth, Jennifer Midelstein, Ethan Bernstein, Said Abotiallawa, Jason Rajtar,Yi
Zhang,Geraldine Wade, Ross Millslohn HudsonRon Whitney, Richard Lawrence,
Serggy Malkin, Alex Gil, Mikhail Baranovsky, Hon-Wah Chan José Ogleshylsao
Yamauchi, Yuriko RosnowRRobert Miller, Joe RoniJinsong YuSergey Genkin, Victor
Kozyrev, Andrei Buraggand Eliyezer Kohen Earlierrelated work is listed in Ref. 10

Appendix A.Linear Format Grammar
This grammar is simplified compared to the model in the text.

char

space

1! 3#))
nASCII

11T -AOQE

L1/
L1
diacritic
OopArray
opClose
opCloser
opDecimal
opHbracket
opNary
opOpen
opOpener
opOver
opBuildup

other

diacriticbase
diacritics
atom

atoms

digits
number

expBracket

38

T FFFF

O
ml
T
O;
FFFFFFFFFFFFF

FFFFFF 7

FEF

Unicode character

ASCII space (U+0020)

ASCIl AZ az

ASCII 69

Unicode math alphanumeric (U+1D406- U+1D7FF with some
Letterlike symbols U+2102—U+2134)

Unicode alphanumeric not including; T - AnGrBASCII

1T - ADE/ OEAO
Unicode combining mark
& E'VT |
) 1ot
opQose| \c“l ose”

cy

Unicode math horizontal bracket

Unicode integrals, summation, productand other nary ops
e rtecr {1

opQpen| \o“pen”

3 / \a El 0 _pu ” )

‘_ '@ |01 €] | ‘ogAtray|opOpén opClosd
opNary| opOver| opHbracket| opDecimal

char—{| T+ nASCIH diacritic + opBuildup + CR

1 1| nASCI|l  exp( )
diacritic | diacritics diacritic

| 1| diacriticbasediacritics
atom | atoms atom

nASCI|| digits nASCII

digits | digits opDecimaligits

opQpenerexp opCloser

Clexpt ||
Coexpt |
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word H
scriptbase H
soperand H
expSubsup  ®
expSubscript H
expSuperscriptt
expScript Hb
entity b
factor o
operand H
box Ho
hbrack Hb
sqrt H
cubert Ho
fourthrt Ho
nthrt H
function Hb
numerator Ho
fraction Ho
row Ho
rows Ho
array H
element H
exp Ho
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1! 3#EYNHOA 1! 3#))

word | word nASCII| 4 T - A 6unber| other | expBracket]
opNary

operand| * <ooperand| ‘-0

scriptbase’ soperand‘ “soperand|

scriptbase’ “sdperand‘ soperand

scriptbase’ soperand

scriptbase’ “sdperand

expSubsup expSubscript expSuperscript

atoms| expBracket| number
entity | entity © !ehtity[* ! Fufictioh | expScript
factor | operand factor

‘@ "operand

opHbracketoperand

@ ‘operand

@’ operand

&’ operand

“I (" operand' &perand* ) ’

sqrt | cubert| fourthrt | nthrt | box| hbrack
operand| fraction

numerator opQver operand

exp| row * &Xp
row | rows‘ @ow
“\ a r. r. a.wv$l ” ) b

fraction | operand| array
element| expother element

Appendix B. Character Keywords and Properties

The following table gives the default math keywords,their target characters and
codes along with spacing and lineaformat build-up properties. A full keyword can-
sists of a backslash followed ya keyword in the table.

Keyword Glyph | Code Spacing LF Property
\above p U+2534 | ordinary subsup upper
\ acute U+0301 | ordinary accent

\ aleph 2 U+2135 | ordinary operand
\alpha a U+03B1 | ordinary operand
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\'amalg U U+2210 | ordinary nary
\angle & U+2220 | relational normal

\ aoint b U+2233 | ordinary nary

\ approx = U+2248 | relational normal

\ asmash U+2BO06 | ordinary encl phantom
\ ast z U+2217 | binary normal
\asymp G | U+224D | relational normal

\ atop | U+00AG6 | ordinary divide

\ Bar i U+033F | ordinary accent

\ bar [ | U+0305 | ordinary accent

\ because 2] U+2235 | relational normal

\ begin F U+3016 | open open

\ below 0 U+252C | ordinary subsup lower
\ beta B U+03B2 | ordinary operand
\ beth r U+2136 | ordinary operand
\ bot p) U+22A5 | relational normal

\ bigcap Z U+22C2 | ordinary nary

\ bigcup z U+22C2 | ordinary nary

\ bigodot o U+2A00 | ordinary nary

\ bigoplus a U+2A01 | ordinary nary

\ bigotimes a | U+2A02 | ordinary nary

\ bigsqcup A U+2A06 | ordinary nary

\ biguplus & | U+2A04 | ordinary nary

\ bigvee z U+22C1 | ordinary nary

\ bigwedge z U+22CO0 | ordinary nary

\ bowtie a U+22C8 | relational normal
\ bot p) U+22A5 | relational normal

\ box é U+25A1 | ordinary encl box
\bra a | U+27E8 | open open

\ breve U+0306 | ordinary accent

\ bullet : U+2219 | binary normal
\cap 3 U+2229 | binary normal

\ cbrt z U+221B | open encl root
\ cdot t U+22C5 | binary normal
\ cdots E | U+22EF | ordinary normal
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\ check U+030C | ordinary accent
\ chi X U+03C7 | ordinary operand
\ circ Z U+2218 | binary normal

\ close n U+2524 | ordinary close

\ clubsuit ! U+2663 | ordinary normal

\ coint B U+2232 | ordinary nary

\ cong e U+2245 | relational normal
\cup 3 U+222A | binary normal

\ daleth n U+2138 | ordinary operand
\ dashv u U+22A3 | relational stretch horz
\Dd G U+2145 | differential operand
\dd H U+2146 | differential operand
\ ddddot U+20DC| ordinary accent
\ dddot U+20DB | ordinary accent
\ ddot U+0308 | ordinary accent

\ ddots = U+22F1 | relational normal

\ degree ° U+00BO | ordinary operand
\ Delta A U+0394 | ordinary operand
\ delta 0 U+03B4 | ordinary operand
\ diamond h U+22C4 | binary normal
\ diamondsuit w | U+2662 | ordinary normal

\ div + U+00F7 | binary normal

\ dot U+0307 | ordinary accent

\ doteq h U+2250 | relational normal

\ dots U+2026 | ordinary normal

\ Downarrow P U+21D3 | relational normal

\ downarrow n U+2193 | relational normal

\ dsmash U+2B07 | ordinary encl phantom
\ee ' U+2147 | ordinary operand
\ell £ U+2113 | ordinary operand
\ emptyset n U+2205 | unary operand
\emsp U+2003 | skip normal
\end £ U+3017 | close close
\ensp U+2002 | skip normal

\ epsilon X U+03F5 | ordinary operand
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\ eqarray T U+2588 | ordinary encl egarray
\egno # U+0023 | ordinary marker

\ equiv W | U+2261 | relational normal

\eta n U+03B7 | ordinary operand

\ exists Y U+2203 | unary normal

\ forall 1 U+2200 | unary normal

\ funcapply U+2061 | binary subsupFA

\ Gamma r U+0393 | ordinary operand
\gamma % U+03B3 | ordinary operand
\ge > U+2265 | relational normal

\geq > U+2265 | relational normal

\ gets Ho U+2190 | ordinary stretch horiz
\gg ) U+226B | relational normal

\ gimel A U+2137 | ordinary operand

\ grave U+0300 | ordinary accent

\ hairsp U+200A | skip normal

\ hat U+0302 | ordinary accent

\ hbar ) U+210F | ordinary operand

\ heartsuit U+2661 | ordinary normal

\ hookleftarrow 2 U+21A9 | relational stretch horiz
\ hookrightarrow " U+21AA | relational stretch horiz
\ hphantom U+2B04 | ordinary encl phantom
\ hsmash U+2B0C | ordinary encl phantom
\ hvec U+20D1 | ordinary accent

\ii J U+2148 | ordinary operand
\iiiint U+2A0C | ordinary nary

\iiint a U+222D | ordinary nary

\iint 3 U+222C | ordinary nary

\Im o U+2111 | ordinary operand
\imath I U+0131 | ordinary operand

\in € U+2208 | relational normal

\inc A U+2206 | unary operand
\infty 00 U+221E | ordinary operand
\int | U+222B | ordinary nary

\iota l U+03B9 | ordinary operand
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\Jj K U+2149 | ordinary operand
\jmath J U+0237 | ordinary operand

\ kappa K U+03BA | ordinary operand

\ ket a | U+27E9 | close close

\ Lambda A\ U+039B | ordinary operand

\ lambda A U+03BB | ordinary operand
\langle a | U+27E8 | open open

\ Ibrace { U+007B | open open

\ Ibrack [ U+005B | open open

\lceil 6 | U+2308 | open open

\ [div U+2215 | binary divide

\ Idots U+2026 | ordinary normal

\le < U+2264 | relational normal

\ Leftarrow h U+21D0 | relational stretch horiz
\ leftarrow b U+2190 | relational stretch horiz
\ leftharpoondown Y U+21BD | relational stretch horiz
\ leftharpoonup B U+21BC | relational stretch horiz
\ Leftrightarrow K U+21D4 | relational stretch horiz
\ leftrightarrow z U+2194 | relational stretch horiz
\leq < U+2264 | relational normal

\ Ifloor 0 | U+230A | open open

\ I N U+226A | relational normal

\ Longleftarrow U+27F8 | relational normal

\ longleftarrow U+27F5 | relational normal

\ Longleftrightarrow U+27FA | relational normal

\ longleftrightarrow U+27F7 | relational normal

\ Longrightarrow U+27F9 | relational normal

\ longrightarrow U+27F6 | relational normal

\ mapsto m U+21A6 | relational stretch horiz
\ matrix E U+25A0 | ordinary encl matrix
\ medsp U+205F | Ordinary normal

\ mid . U+2223 | relational list delims

\ models U | U+22A8 | relational stretch horz
\mp v U+2213 | unary/binary | unary/binary
\mu M U+03BC | ordinary operand
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\ nabla e U+2207 | unary operand

\ naryand U U+2592 | ordinary normal

\ nbsp U+00AO | skip normal

\ ndiv S U+2298 | binary divide

\ne % U+2260 | relational normal

\ nearrow U U+2197 | relational normal

\ neg = U+00AC | unary normal

\ neq Z U+2260 | relational normal

\ ni | U+220B | relational normal
\norm £ | U+2016 | ordinary open/close
\nu Y U+03BD | ordinary operand

\ nwarrow T U+2196 | relational normal

\ odot S U+2299 | binary normal

\ of U U+2592 | ordinary normal

\ oiiint B U+2230 | ordinary nary

\ oiint b U+222F | ordinary nary

\ oint n U+222E | ordinary nary

\ Omega Q U+03A9 | ordinary operand

\ omega () U+03C9 | ordinary operand

\ ominus S | U+2296 | binary normal

\ open m U+251C | ordinary open

\ oplus S U+2295 | binary normal

\ oslash S U+2298 | binary normal

\ otimes § U+2297 | binary normal

\ over / U+002F | binarynsp divide

\ overbar ~ | U+O0AF | ordinary encl overbar
\ overbrace U+23DE | ordinary stretch over
\ overparen U+23DC| ordinary stretch over
\ parallel S) U+2225 | relational normal

\ partial d U+2202 | unary operand

\ phantom U+27E1 | ordinary encl phantom
\ Phi ® U+03A6 | ordinary operand

\ phi N U+03D5 | ordinary operand

\ Pi r U+03AO0 | ordinary operand

\ pi T U+03CO0 | ordinary operand
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\pm * U+00B1 | unary/binary | unary/binary
\ pppprime U+2057 | ordinary Unisubsup

\ ppprime C U+2034 | ordinary Unisubsup

\ pprime I U+2033 | ordinary Unisubsup

\ prec N U+227A | relational normal

\ preceq O | U+227C | relational normal

\ prime Q U+2032 | ordinary Unisubsup

\ prod M U+220F | ordinary nary

\ propto A U+221D | relational normal

\ Psi P U+03A8 | ordinary operand

\ psi Y U+03C8 | ordinary operand

\ qdrt 3 U+221C | open encl root
\rangle a | U+27E9 | close close

\ratio D | U+2236 | relational normal
\rbrace } U+007D | close close

\ rbrack ] U+005D | close close
\rceil O | U+2309 | close close
\rddots € | U+22F0 | relational normal

\Re P U+211C | ordinary operand
\rect U+25AD | ordinary encl rect

\ rfloor O | U+230B | close close

\rho p U+03C1 | ordinary operand

\ Rightarrow K U+21D2 | relational stretch horiz
\ rightarrow K U+2192 | relational stretch horiz
\ rightharpoondown e U+21C1 | relational stretch horiz
\ rightharpoonup X U+21CO0 | relational stretch horiz
\ sdiv / U+2044 | binarynsp divide

\ searrow a U+2198 | relational normal

\ setminus A U+2216 | binary normal

\ Sigma > U+03A3 | ordinary operand
\'sigma q U+03C3 | ordinary operand
\'sim D U+223C | relational normal

\ simeq é U+2243 | relational normal

\' smash U+2B0D | ordinary encl phantom
\ spadesuit ¥ U+2660 | ordinary normal
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\'sqcap S U+2293 | binary normal
\'sqcup S | U+2294 | binary normal
\sqrt v U+221A | open encl root
\ sqsubseteq S U+2291 | relational normal

\ sqsuperseteq S U+2292 | relational normal

\ star W | U+22C6 | binary normal

\ subset U+2282 | relational normal

\ subseteq , U+2286 | relational normal
\'succ n U+227B | relational normal
\'succeq 6 | U+227D | relational normal
\'sum n U+2211 | ordinary nary

\ superset U+2283 | relational normal

\ superseteq ) U+2287 | relational normal

\ swarrow w U+2199 | relational normal
\tau T U+03C4 | ordinary operand
\ therefore e U+2234 | relational normal
\ Theta © | U+0398 | ordinary operand
\theta 0 U+03B8 | ordinary operand
\ thicksp U+2005 | skip normal
\ thinsp U+2006 | skip normal
\tilde U+0303 | ordinary accent
\times x U+00D7 | binarynsp normal
\to K U+2192 | relational stretch horiz
\top U U+22A4 | relational normal
\tvec U+20E1 | ordinary accent

\ underbar U+2581 | ordinary encl un-
\ underbrace U+23DF | ordinary stretch under
\ underparen U+23DD| ordinary stretch under
\ Uparrow t U+21D1 | relational normal
\ uparrow h U+2191 | relational normal

\ Updownarrow 2} U+21D5 | relational normal
\ updownarrow Z | U+2195 | relational normal

\ uplus R U+228E | binary normal

\ Upsilon Y U+03A5 | ordinary operand
\ upsilon ) U+03C5 | ordinary operand
46
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\ varepsilon € U+03B5 | ordinary operand
\varphi [0) U+03C6 | ordinary operand
\ varpi | U+03D6 | ordinary operand
\varrho Y U+03F1 | ordinary operand
\varsigma o U+03C2 | ordinary operand
\ vartheta A U+03D1 | ordinary operand
\ vbar h U+2502 | ordinary list delims
\vdash U U+22A2 | relational stretch horz
\ vdots € | U+22EE | relational normal
\vec 1) U+20D7 | ordinary accent
\vee X U+2228 | binary normal
\Vert £ | U+2016 | ordinary open/close
\vert | U+007C | ordinary open/close
\ vphantom 6 U+21F3 | relational encl phantom
\ vthicksp U+2004 | skip normal
\wedge X | U+2227 | binary normal
\wp e U+2118 | ordinary operand
\wr E | U+2240 | binary normal

\ Xi = U+039E | ordinary operand
\xi 13 U+03BE | ordinary operand

\ zeta 14 U+03B6 | ordinary operand

\ zwnj U+200C | ordinary normal

\ zwsp U+200B | ordinary normal
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6 AOOET 1T PEAEAOAT AA
The differences between Version 1 and 2 of this paper are largely cosmetic, but
there were enough changes in Version 2 to merit a new numbegversion 2 is mostly
i mpl emented in Microsoft Word 2007, where it
Typing the linear formatin Word 2007r esul t s i n “formula autobui
tomatic conversion to the builtup format of expressions as their sgtax becomes
unambiguous.
In this document features added in Version 3 are identified as such. Thesafe
tures are mostly implemented in the Microsoft Office 2010 applications Word, Re
erPoint, Excel, and OneNote. Typically the additions offer convenienceeo ways
needed in Version 2, but no addition is necessary and the Version 2 syntaamains
valid in Version 3. The additions were often inspired by [La]TeX. Examples ofrsi
plified input are \ choosefor binomial coefficients,\ casesfor alternative definitions,
\ pmatrix for parenthesized matrices\ middle to define a character as a bracket ge
arator, a simpler prescript notation, \root n\of x notation for nt roots, equation
alignment (see Sec3.23), size overrides (see Se@.24), and simple negated opea-
tor input (see Sec4.1). There are also numerous cosmetic changes.
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