Standard
Mathematical

Input Notation

This paper is concerned with the need for a language
interface that allows users to ‘write’ mathematical symbols
on the computer screen in as simple a way as possible,
and outlines one way in which this could be done.

Introduction

Thereisanincreasing use of the computer for educational purposesand an essential
part of that isgetting input from the user - whether for aword-processor or inresponseto
aquestioninatest. Andwouldn'tit beagreat helpif it wasavailablefor useinwriting
Email? Itisat that point, in mathematics, that difficultiesarise, in‘writing' the necessary
mathematical symbals. Itisspecifically thosedifficultiesthat are addressed here.

At present, testsin mathematicsarevery restricted in what they can ask for anditis
not surprising that the multiple-choiceformat isvery popular. Itisrelatively easy to set,
and very easy to mark.

Writersand programmers show much ingenuity in overcoming thedifficulty of input
andformat but, unfortunately, thisusualy resultsin adisplay which carriesa'suggestion’
astowhat theanswer must be. What we need isthe ability to write mathematicson the
screen (viathe keyboard) in theway that wewould normally writeit on paper, or aswe
would expect to seeit printed.

Thereareaready several programswhich allow mathematicsto bewrittento the
screen, but these are dedicated to the purpose, and only really suitable for specialist
users. MathTypeisoneexample, very good it istoo, and was used in thewriting of this
paper. (Itisthebasisof the Equation Editor in Word.) But it iscertainly not smpleenough
for themore casual user.
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The problem

Thereis no difficulty when the answer is simply a numeric one -

Question Answer
Solve 3x+1=7 x=2(orjustsmply 2)
but difficulties arise with the answers needed to these -
Write 35 asthe product of two primes 5x7
Writeadivisonsumwithananswer of 4 12+3
Multiply out (x+ 2)(x - 3) X2 -X-6
Simplify x3 x xy* x4y
Reduce 421_8 %
Givethetwo rootsof x*=5 X = +4/5
Expressthelength of ACasasurd. Ja1
Givetheformulafor finding theareaof acircle A=mr?

What isit that the user cannot do?

Dedling only with dementary mathemati cs, for themoment, none of these symbolsisavailablefromthe
conventional keyboard -

X + v < > + Tt
and the correct representation of fractionsandindicesisnot possible.
Some 'fudging’ can be done, such as-

*  for X%
/[ for +
<= for <
>= for 2
502 for 5?2
+- for £
58 for 2
But noneof thisisided inthat itisanother form of representation on screen whichisdifferent fromthe

way
» wewant pupilstowritedowntheir mathematics
* itisprintedintext-booksor any other printed source on paper
» thequestionispresented on screen most likely.

Another (minor) drawback isthat the shift-key isneeded for some of the symbolswhich areavailable,
suchas. + () * » <> % for example, but not for others.

All of thisaddsupto an unfortunate state of affairshaving nothing to dowiththemathematicsitself at dl.
Theredoesseemto beaclear need for thedevelopment of assimpleand cons stent amethod aspossible
for putting the cor r ect symbol on the screen. Thedigits (and decimal point) present no problem.
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Outline of a Possible Solution

First thoughtswere given to dealing only with symbolswhich could not bedirectly formed at all on
screen, but further cons deration suggested that intheinterest of uniformity all the symbols needed should
be generated by asinglekey-str oke. Oneway this can be doneisby matching each symbol toasingle
ketter inasmemorableaway aspossible. Thus-

A for Add

Sokeyingin

Sfor Subtract M for M ultiply by D for Divide by
The letters themselves would not appear on-screen - only the symbols.
3A5 wouldshow 3+5

4S7 4-7
2M 6 2%x6
10D 2 10+2

Notice the chosen letters encourage the expression to be said as it is entered so
that the appropriate letters are easily remembered.

The system would not be case sensitive so: 3a5 4s7 2m6 10d2 could
all be input and produce the same effects, though CAPITALS will be used throughout
this document for clarity.

Spacing would not be needed in the input, but would be automatically set by the
system controlling the display.

The system would accept available equivalent alternatives.

So, + - * /would be treatedas A S M D.

VariablesOnly threewould be used at thislevel - x y and z. Keying in any of thoseletterswould
result in them appearing on-screeninlower caseitalic-xyand z

Bracketswould be generated by
B for ( Bracketsopen C for Close brackets)
Sokeyingin  B4AAXCBY S3C wouldshow (4+X)(y-3)

Remember that the first expression is never seen, and is certainly not meant to be
read, as is happening here. Each key-press produces a response just as when
writing so the build-up is gradual and it is easy to see just what has to come next.
The whole system would function just like a word-processor and the cursor moved
to any point where a forgotten item could be inserted, or a deletion made.

In this case the available ( ) would be accepted and treated as B C.

Equality and inequality signswould be generated by
E for=Equds G for > Greater than L for< Lessthan

Sokeyingin

5AXG19 wouldshow 5+x >19
In this case the available = > <would be accepted and treated as E G L.

I ndiceswould bemadeby keyingin
| for Index number follows

Sokeyingin
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314 wouldshow 3*
X13Y12 x3y?

6BXI12A3CB2SX12 60C +3)(2 - x2)

In this case the available ~ would be accepted and treated as 1.

The end of the index number would be signalled by almost anything that was not a
number (or a decimal point)

Pressing the Enter key signals the expression is finished (the answer is complete)



Fractionswould beformed by the (suitable) use of three F's
1st F would signal thestart of thetop line of thefraction
2nd F would signal theend of thetop line, and the start of the bottom line
3rd F would signal theend of theentirefraction

Sokeyingin - F5F8F would show g

3(x+4)
x> -4
The Enter [0 key would be acceptable in place of the 2nd and/or the 3rd F
Roots, inaway similar tofractions, requirestheuseof twoR's
1st R would signal thestart of the Root v
2nd R would signal theend of the Root

Sokeyingin - R3R wouldshow /3

R3XI2AY Rgives /3x*+y

The Enter O key would be acceptable in place of the last R
It might be that only square roots are accepted at this level but,

keyingin 1 3RX R wouldshow g/yx

F3BXA4CFXI2S4F gives

Negative number swould be made by pressing
N for Negative beforeanumber or variable
Sokeyingin - N3 would show -3
N X would show ~x
Negation isaso signalled by pressing
N but thistime beforethe equality sign
Sokeyingin - NE wouldshow # (NotEqual to)
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Summary Table of a Possible Notation

L etter Symbal  Meaning Notes

+ Add

( Bracket open

) Closebracket

+ Divided by

= Equds

Fraction Used 3times:- start; line-change; finish
Grester than

unallocated Couldbeusedfor 'Help'

I ndex number starts

unallocated

unallocated

< L essthan

Multiplied by

Negativeor Not Dependsuponwhat follows

unallocated Could be used to generate degree® symbol
and (presstwicefor) %

Oz=XrXua-—-—IOmTMMUOUONOwW>X
Vv

s Pi
unallocated
v Root Usedtwice- gart; finish
- Subtract
unallocated
unallocated
unallocated
unallocated
avariable
avariable
y4 avariable

N < XS<CHwmwITO T

Combinations (order doesnot matter)

AS + Add/Subtract

NE % Not Equa

GE > Greater than or Equal to
LE < L essthanor Equd to

ThelettersareNOT casesengitive.
Alternative acceptableinputsnot listed here.
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Hereisshown how acomplex
expressonsuchas

3 (y+8)(z-4)°
m(x+y) -1t
isbuilt up by aseriesof smple(and
easly memorized) key-strokes.

Thethree columnsshow
 the“thinking”
» theaction
» what isseenonthescreen.

Standard Mathematical Input Notation
© Frank Tapson 2004 [trolZC]

To do this -

put Index 3
start a Root

start Fraction
top with x

put Index 2

open Bracket

yAdd 8

Close bracket

open Bracket

Zz Subtract 4

Close bracket

put Index 2

start Fraction
bottom with T

open Bracket

x Add y and
Close bracket

Subtract

7T Index 4

The System in Action

keyin -
13

F X

YAS

ZS4

XAYC

P14

finish Fraction, finish Root
or press Enter to complete everything

and see-
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Other Considerations

Thebroad outline of asystem hasbeen covered inthe previous pages, but that isno
morethan anideaand there are clearly many other thingsto be considered, such as

» How"inteligent” shouldthesystembe. A dloseand ogy hereiswithmodern
word-processors. These have aspell-checker incorporated as standard
and agrammer-checker isusudly anavailableextra. So, should aprogram
concerned with theinput of mathematical notation offer smilar facilities?
Andthen, would youwant theminatest?

»  Writing words (such asthe unitsin an answer) isnot possible sincethe
keyboard isdedicated to producing symbolsat thispoint. Thiscould be
accomodated by amode-change (say press F5 for ON/OFF)

* Inasimilar way tothe above, any letter could be made avariable (and
printedinitalic). Or possibly thiscould be better managed by use of the
more memorableV-key.

» Help needsto beavailablethroughout at the pressof asinglekey. This
could include sometutorials. The bottom two lines of the screen should
carry acontinuous display summary of (most of) the lettersand their
meaning.
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ASCIlI and Unicode

Themost commonly-known character code which isused asthe background standard for the
generation and transmission of text isthat knownas ASCI | whichisthe

American Standard Codefor I nformation | nterchange
Whatisit?
Inany character coding system, each of the characters, no matter what it actually lookslike, is
identified by adistinct number, and for efficiency, thisnumber should be no longer than one

byte.

Intheearlier daysof computing abytewas made up of 8 bits, which meant that thelargest
number that could be carried by one bytewas 255 (= 28 - 1). So atotal of 256 numbers(0to
255) could beregistered. The ASCII defined what 256 characters these numbers should be
related to. For instance, 49 standsfor 0, 65 standsfor A, 97 standsfor @, 40 standsfor ( ,
93 standsfor | and so on.Obvioudly the complete al phabet (both capitalsand lower case), the
digits, punctuation, and many symbols(suchas+ £ - * #etc.) had to bein. But, codeswere
also needed to show wherelines ended and new ones started, wheretabswere placed, what
spacing wasrequired, and so on. Thisabsorbed about one-half of the available 256 numbers.
But that wasonly for the English language, and non-technical at that - therewasno alocation
for thingslikeamultiplication Sgn. For the remaining numbersother languageswere covered
provided that they were basicaly variationson the English dphabet, so | etterslike adé g eefi
plussevera otherswere coded - in both capital and lower case.

However, Arabic, Chinese, Japanese, Gujarati, Brailleand many other languagesdid not get a
look in, and nor did hundreds of symbolsor technical signs- therewasjust noroom. The
consequence of thiswasthat each country had to haveitsown version of the ASCII coding
system. Clearly thisworked finewithintheir own borders, but it was not much help whenit
cametointernationa working.

Ascomputersbecame bigger and more powerful the byte was expanded to 16 bitsand that
alowed 65,536 (=21°) numbersto bedefined by just onebyte. Which also dlowed acompletely
new, and bigger, coding system to be devised. Thissystemisknow asUnicode. And, while
much hasbeen done, thework isstill in progress. To date (2000, and they arenow onversion
3.1), only about 50,000 of the numbershavebeen alocated. Over 40 languagesand derivatives
of them arenow covered, aswell asavery widerange of symbolsand ideographs.

Unfortunately, defining acoding systemisonething - implementation isanother, and that has
someway to go yet. So, whileit ispossibleto see, for instance, Chinese characterson the
screen, it will still be necessary to make arrangements for that - it will not yet happen
automdaticaly.

However theimportance of Unicodefor the proposa soutlined inthis paper isthat al (or nearly
all) of theingredientsrequired areavailable’ out there’ waiting to be used.

For thoseinterested in UnicodetheWeb-sitetovisitis
http://www.unicode.org/
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