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| PREFACE |

. The Numaudo system, and thus the present work, resulted from investigations
into the nature of audible communication and coding methods, which the author made
while developxqg new methods for musical composition and new apparatus for producing
sound ele?tronlcally. Hints derived from a background in languages suggested fur-
ther inquiry concerning the relations between musical forms and rules, on the one
hand, and grammar and syntax of languages,on the other.

Recent advances in such fields as information theory have stimulated concom-
jtant advances in other fields now seen to be related, but hitherto thought to be
relatively unconnected.: Examples of such fields are: written message transmission,
teletypewriter and telegraph; facsimile and picture transmission; spoken message
transmission, by wire and radio; bandwidth compression methods; quantizing systems
?nd analog- to-digital and digital-to-analog conversion; digital computing systems;
information storage and retrieval; machine translation of languages; automatic con-
trol of machinery from stored digital data; cryptography; abbreviations and space-
saving codes; structural linguistics; spoken-word recognizing equipment; sound re-
cording; redundancy methods for error detection and avoidance; pattern recognition
of many kinds; studies of stylistic differences, similarities, and changes in music,
literature, and other fields.

An outstanding characteristic possessed in common by the above-enumerated items
is the idea of conveying information in digital form. Digital representation almost
always involves coding. Now, most attention has been directed to the art of coding
visual communications, such as typewritten messages. Language has been studied
mainly in its written form, so that even those whose chief interest is in coding
methods have largely ignored the important fact that written language is a code for
spoken language, which preceded writing by thousands of years.

The digitalizing concept has even recently invaded the study of spoken lang-
uage, in that phonetics, the study of the many shades and gradations of speech-
sounds, has had to make room for phonemics, the study of families or categories of
speech-sounds, within which categories in any given dialect of a language, minute
variations of timbre do not alter the meaning of an utterance.

Phonemics will be a fundamental consideration in the designing of machines (one
is tempted to say robots) that are to respond to spoken instructions and in some
cases to purvey spoken information. This much being evident, why not have a speak- I
able code on a phonemic basis to convey digital information? Thus Numaudo was born. M

But a code for digital information might be expanded into a code for mathemat»
ics. If so, it ought to be tied to the existing international mathematical nota-
tion. This proved to be possible: Numaudo expresses, with practically one-to-one j‘
correspondence, each written mathematical symbol by a corresponding spoken symbol. ?
More than this, it provides spoken representations for symbolic logic.. \

Svllables, rather than letters, form the basis for Numaudo coding. If any
precedent is needed, surely the success of the syllables devised by Guido d’Arezzo,
in the eleventh century—-re,mi,fd,sol,and la having retained their meanings for
more than 900 years!—should be sufficient, Indeed, the sol-fa syllables constitute
a digital representation themselves: they call for a stepwise progression of pitch-
es, rather than a continuous gliding of the voice.

While thanks are due several mathematicians who offered encouragement by agree-
ing that a pronounceable code for mathematics was both practical and needed, the
author alone is responsible for any errors of omission or commission, which of
course should be called to his attention for the benefit of all users of this system.

IvoR DARREG. Los Angeles, California, Adpril, 1g960.
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RESUME EN FRANGAIS
Le systéme Numaudo est un code & parler qui comprend environ 450 syllabes.
Chaque syllabe exprime un symbole mathématique, un chiffre, une lettre algebrique,
un symbole de la logique, un mot logique, ou autre chose pareille. Le Numaudo n’est
pas une langue, parce qu’il ne traduit point les symboles ecrits; il les exprime par
des syllabes en maniére tout & fait renversable. Vraiment, il s'appele Numaudo car

il nous donne des nombres qu’on peut entendre: d'aprés le latin: numerus, nombre;
audire, entendre.

On préfére la prononciation latine du mot Numaudo, c'est-a-dire “nou-maou-do”,
mais on tolére la prononciation frangaise de ce mot. Néanmoins, tous les syllabes
du systeme Numaudo doivent 8tre prononcés selon 1’'alphabet phonétique international,
parce que le Numaudo est un code complétement international, ainsi corme 1*écriture
des chiffres et des signes mathématiques est presque partout uniforme.

C'est un phénoméne trés curieux: les langues ordinaires, comme le frangais, le
russe, 1'anglais, 1’'allemand, le chinois, ~—ces langues ont €té parlées durant une
époque bien longue, et sans aucun doute leurs ancétres survécurent des millénaires
avant ou les alphabets ou les hi€roglyphes. Mais au contraire 1a (( languen mathema-
tique commenga par 1'écriture seule, Cette écriture est bien internationale, comme
nous avons dit; mais quand on lit A haute voix, il n'y a plus d'uniformite!

D'ailleurs, quand on lit, on traduit. Le mot guinze n'est pas les deux mots
un, cing, mais 1'homme qui lit les deux chiffres 15 ne dit qu'un mot. Et voici les
chiffres g6, qui deviennent quatre-vingt-seize! Les Anglais traduisent aussi; tout
le monde traduit les chiffres de 1'arithmétique et les svmboles de 1'algebre. Donc
1'€tude mathématique est trop difficile,. Mais avec un code comme le Numaudo, on
pourra tparler en langue mathématiques, et la pensée mathématique marchera aussi
rapidement que la pensée ordinaire.

La téchnologie contemporaine a produit beaucoup de machines automatiques. On
aura bientdt des machines qui reprondront aux ordres parlés. Un systéme aux syllabes
régularisées, comme le Numaudo, permettra une construction ‘économique de telles ma-
chines. Un code mathématique aussi sera trés utile pour les machines a calculer: on
pourra dire des svllabes nnmaugos qui exprimeront un probléme, puls un appareil

électronique les changera en signaux €lectriques, par lesquels la machine fera son
compte.

Les signes mathématiques (et également les signes nouveaux de la logique)nous
of frent un mélange des chiffres, des sipnes cabalistiques, des lettres latines, des
lettres grecques ... qui fait bien difficile les travaux des imprimeurs. Une machine
a écrire quelconque manque des signes mathématiques; i1 faut les écrire a main, Le
systéme Numaudo resout ce probléme trés facilement: 1’'alphabet du systéme contient
21 lettres ordinaires, abdefchijklmnoprstuva. Tout ce qu'on €crit en mathema-
matique est exprimable par des svllabes formées d’aprés 1'alphabet numaudo. Par
conséquent, on peut télégraphier 1'arithmétique, 1'algébre, le calcul, et la logique
symbolique, par ces 21 lettres seules; on n’a aucune besoin de chiffres ni de sym-
boles hors de 1'alphabet, Chaque machine a écrire, y compris les machines auto-
matiques et télégraphiques, devient une machine mathématique. Tous les deux, le
Numaudo parlé et le Numaudo écrit, seront utiles.,

Les sons du Numaudo suivent les sons des symboles de 1’Association phoné tique
internationale, mais on permet des exceptions. Aux Frangais qui ne peuvent pas
prononcer une h vraiment aspirée (comme 1'F allemande) on permet de la prononcer
comme j en jour. On tolere aussi un ¢ muet (mais trés bref), phonétiquement tel,
aprés certaines consonnes au fin de syllabe: met comme «metten, ne pas comme «méy;
fin comme tfinne», ne pas comme le mot «fins» en frangais, parce que les voyelles nasa-
les n'existent pas en Numaudo. Les diphtongues numaudos tiennent les sons des
voyelles détachées: eu est é-ou, ne pas eu frangais lee); ai est a-i, ne pas & L'u
numaudo est 1'ou francais; 1’e est toujours grave ou circonflexe.

Voila la liste des syllabes numaudos sur les pages 52-53.
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Der..Numaudo“'ist einer Code, etwa 450 Silben enthaltend. Er ist nicht eine
Sprache,‘sondern ein sprechbares Ausdrucksmittel, dessen Silben die Zahlen, die
mathematischen Zeichen, die Zelchen der symbolischen Logik, usw., darstellen. Der
Name Numaudo wird aus dem Latein gebildet: numerus, 4 Zahl*; audire, ,horen® Durch
Numaudg kann man Arithmetik undAlgebra wirklich sprechen; also sind die Numaudo-Sil-
ben ,,horbare Zahlen®..

Das Lautlesen der mathematischen Zeichen auf Deutsch, Franzosisch, Englisch,usw.
ist nicht ein blosses Lesen, sondern eine Ubersetzung! Das einfache Wort zehn wird
gelesen, wann man die zwei Ziffern 1 und C sieht. Ganz gleich geht es beim Laut-
lesen anderer mathematischer Zeichen, Im Gegenteil ist das Numaudo-Lautlesen nur
eine Codierung, die vollig umkehrbar ist.

Die Aussprache des Numaudos wird auf die internationale Lautschrift gegrundet,
weil jede Numaudo-Buchstabe gehort dem internationalen phonetischen Alphabet an. Der
Numaudo benutzt 21 aus den 26 Buchstaben des gewohnlichen Alphabets, und mit nur
k] einen Ausnahmen lauten inmer diese Buchstaben wie die entsprechenden Buchstaben der
Lautschrift,

Jeder Fernschreiber kann diese 21 Buchstaben schreiben; auch kann jede Schreib-
maschine diese Buchstaben schreiben. Sie sind auch telegraphierbar., Nun ist es
moglich, allerlei mathematischen Formeln, ohne besonderen Symbole zu senden.

Oft wird die Mathemathik eine ,, Sprache" genannt. Jedoch begannen alle gewohn-
liche Sprachen ohne Schri ft, wohingegen begann die Mathematik als internationale
Schrift ohne internationale Aussprache. Durch Numaudo-Code wird die Mathematik zum
ersten Male eine echte Sprache werden.

Vor kurzem haben die Erfinder uns elektronische Rechenmaschine und andere merk-
wirdige elektronische Automaten gegeben, Es sind Gerate, die man durch ein
gesprochenes Wort in Gang bringen kann. Bald wird die Fabrikation solcher Maschine
eine wichtige Industrie werden.. Der Gebrauch eines Codes, z.B. des Numaudos, wird
die sparsame Fabrikation dieser Automaten erleichtern. In allen Landern werden die
Numaudo-Silben dieselben sein, so werden auch die Maschinenbefehle und die gespro-
chene Zahleninformation dieselben sein.

Bemerkungen tber die Yumaudo-dussprache: Das s ist immer stimmlos, wie deutsch-
es ss (Jﬁ) . das z bezeichnet, wie englisches oder franz8sisches z, immer ein stimm-
haftes s (deut. sausen). Das 5 wird entweder als deut. h im Anlaut oder als ch
(ach) gesprochen. Das Zungenspitzen-r ist vorztiglicher als das Zépfchen-r. Das v
ist dem deutschen w gleich; es muss immer stimmhaft sein. Im Auslaut wird die stimm-
lose Aussprache der stimmhaf ten Konsonanten, wie auf Deutsch, nur geduldet. Die
Diphthonge des Numaudos haben Betonung am ersten Vokal, und die Aussprache ihrer
Vokale ist dieselbe der einfachen Vokale. Das e ist offen (des); auch ist das o
offen (doch)., Das i ist aber geschlossen (Liebe). Fu ist nicht oi, sondern é-u.

Fi ist nicht ai, sondern é-i (vgl. die Musik-Note Ei's).

Weil die Aussprache des Numaudos ganz systematisch ist, und weil die Bedeut-
ungen der Numaudo-Silben folgen die Bedeutungen der mathematischen und logischen
Zeichen auf systematischer Art, so werden der mathematische Unterricht und der
Verlauf der mathematischen Gedanken leichter und schneller gehen, als ist jetzt
der Fall. Die Gleichordnung der gesprochenen und der geschriebenen Mathematik durch

den Gebrauch des Numaudo-Codes wird fast tiberall zutraglich sein.

Um den Numaudo zu benutzen, muss man nur ca. 50 Silben lernen, die sein Fach
betreffen. Wenn es in der Zukunft notwendig sei, neue Silben einzufithren, wird es
mdglich sein, mehr als 2000 Silben zu erfinden, ohne Bruch der Codenregeln.

Ein alphabetisches Verzeictnis der Silben wird auf den Seiten 52-53 gegeben.
Diese Silben sind mit den gewdhnlichen Sprachen vertriaglich; tiblich bei Mischung
gibt es keine Zweideutigkeiten.
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Hopmit Xoa Hyxaydo umeeT okono 450 caoros, ITOT KOA HA3HBACTCH Hymayaom NOTOMY,
yro OH BHpaXaeT UMDPPH, MaTemaTHyeckue 3HaKH, OYKBH, W JOrUyeCKHe CHMBOJAH TOXe, CAdl-
wunvly obpasaxu t.e., cloramu, ¢HyM» U3 JaTUHCKOTO numerus, wucCa0; tayd» u3 audire,
caviamy, HyMayZo NUEETCS NATUHCKAMM OyKBamd, KOTOpHE Xe NPOKBHOCHTCS BNOJHE COrJIacHO
MexayHapoAHOMY POHETUUECKOMY ArpaBuTy. Hymayzo He cyuTaeTcd ASBKOM; OHO TOJBKO AaeT
npaBuia AN MEXAYHAPOAHOTO NPOX3HOWEHM WHTEPHAUMOHANBHOTO «MATEMATUYECKOTO A3HKaY.
llo cux nop, nucanue uxfp, alre6pauyecKkux 3HaKOB, ¥ Mp., MOYTH O/iMHAKOBO BO BCEX
cTpaHaX, HO KOTZa /uua 9YuTalT BCayX, HeT HHKaKOH OAWHAKOBOCTH.

Yrenue apupMeTUyeCKUAX H anre6palyeckux CYeTOB U 3ajay BCAYX OGHKHOBEHHO BOBJIEKA™
er nepesoJ. HanucaHHHE uubps 10 He uKXTANTCA ABYMHA CNOBaMH, a TOABKO OJAHMM CJAOBOM:
decAmy--a B DTOM Xe CJAOBE COBCEM HE BHAHH dayx yugdp 1 u 0. HaoBopoT, Korza uAQpH,
6yKBH, ¥ 3HAKK MATEMATHKH yuTanTcs KoZoM HywayZoMm, nepeBoja HET: Kax i MaTemMaTuie~
ckWii BHAK BaMEHSeTCs HyMayAHsM cJIorou, #, B CBOW ouepesb, HyMayAHHA CJIOT MOXET 3ame—
HATHCH OGDPATHO MEpBHM MATEUATAYECKHM 3HAKOM. Hanpumep, 10 = sagu, 1= sa, u0 = gu;:
100 = sagugu;- 0,1 = gunasa. He #azo uMeTh B KOAE OTACNBHHX HyMayZAHHX CJAOrOB, yTO6H
BHpDaXaTh KOAOM 0ecamb, Cio, mucAuy, OOHY oecamyw, A T.nA.

B 6yzymeM, CKOpPOCTb CBOGOAHOCTE MATEMATHYECKUX uscaelt 6yAyT nmoBmWaTHCH Hymay-
IOM, TaKk Kak He 6yAeT Nepepoja dTUX MHCNE Ha HeMaTeMaTHYeCKut sa3mK. DByayT MaTeMaT
THYeCKHe PasroBOpH 6e3 BCSAKOTO xoneGanus. TenepemHsia TPYAHOCTb Y CTYAGHTOB, KOTA2
u3yvanpT aareSpy U Bucmue OTASKCHUA MATEMaTHKM, TDPOMCXOAUT OT TOro, 4TO MM HEBOXMOXHO
npsAMO TOBODPATH TO, KOTOpCE YHTAKT B MATEMATHUECKUX YYEOHHKAX—--KM HaZO0 ero nepesoduns
Ha CBOJ DOJHOM $BHK. [/IaBHHA MPUHLMN HyMayAHOTO KOZa BOT rTakoii: KaxzaoMmy maTeMaThue~
CKOMY BHaKy CBOM CHOT; Kaxaouy CJIOTY cBOft 3HAaK. CAOr NMPUHALIEXUT 3HAKY, Kak 3ByK
NpuHAANEXUT OyKBE.

370 BIAaMMHOE OTHOUIEHUWE MEXAY MaTeuaTukoi u Hymvayaom 3HayuT, 49TO B KaKoM—TO nepe-
HOGHOM cMHCTe HyMayZo CTaHEeT » rOJOCOM MATEMATHKMY . BoT 3aMeuaTeabH:} $aKT: OOHKHO™
BEHHHE @3HKHW, KaK U DYCCKHH, @pauuyacnnﬁ,'anrnﬂﬁcxﬂﬁ, HeMelkuit, ¥ T.A., AaBHEM /AaBHO
FOBOPUJINCEH, NPEXAe U300peTeHnd HANUCAHHHNX BHAKOB: HO C Hauaja W ellie Tenepb, MareMma-
TaKa—A 3 nboCmo nucviennsil, 06es MCTHHHON BHCKaswBaemo# dopus. [losTOMy, xeJaTelbHO
BHPaGATHBATE CUCTEMy ANA YTEHWS BCAYX H PasroBOPOB <MO-MATEMATHUECKH”: T.€. Hymayao.

EcTe ¥ Apyrasd npudnka Ans Hywmayaa: B nocrefnee BpeMd chenand HOBHE HVEKTDPOHHHE
CYETHHE MAIUHY U DAsHOO6pasHHEe MEKTPOHHHE M SMEKTPUUeCcKHe aBTOM2TH, CpeAd KOTODHX
ecTh MADWHH, TOAYAHSIME TpUKasH U BhAaBawude MHPOPMALMDL yoTHO. Hajo TOJBKO CKasaTh
IBa~TpH CNOBA B MUKDOJOH, UTOGH MyCTHTH MAUMHY B X0z, WIA OCTaHOBATHL ee. Jemesiaee
NpOU3BOAKNTL TAKHE MAMAHH, yTioTpe6asnie HyMayAHHE CAOrH, HeM MamuHH, yroTpedasnie
CIIOB8 OOHKHOBEHHHX S3HKOB.

Tpuseuanusd 0 npousHOUBHUU nyMayOnux Cyxe: Kak yxe 06BsCHUIOCH, Hymayzc nMeeT
boHeTUYECKOEe OCHOBAHHE. Boofle, npomsHomene OYKB B DTOM KOAS crenyer MeX 1y Hapo AHHH
boHeTHYecKuit andaBuT, 2 NpaKTAUECKUe [ pHUMHN AenanT MaleHbKHE MCKANYEHHs, HallpuMep:
Pycckue, M- ADYTHe, #3HK KOTOPHX HE MMeeT npuanxanas [h], moryT MpOM3HOCHTE [x] B
Takux cayvasx: 14, sa ha sadaze, (caxacaaaae);-copox xunonempos 8 uac, vogu kih,
(Bory xux). [nacHas O NPOU3HOCUTCS BE3/]e CAMbM NOJMHHM SICHEM 3BYyKOM, HUKOT'Aa kak 4.
[nachas B Bcerja TBepas, KaKk PyCcCKOe 5; HAKOTJA HE NMPOUBHOCUTCS KAK 4. [Ipeanouuta—
TeabHo, 6yxBa I B HymayAe MPOMSHOCUTCH €es m@rkoctu pycckoro #. Coriachue b,d, 8, V,2
BCErja XpaHaT CBOW BBOHKOCTH, Jaxe Ha KOHNAX CJOTOB: npousHomeHne d Kax b, v ek 1,
4 T.4., Ha KOHIE CJOrOB Tepmurcd, a He peKOMEHAyeTC s .

He Hago BHMYYHTh UEAHA KOA Hymayzo Hau3ycThb, 4yTOGH erc ynorpe6asaTb B CBOEM ACJE.
B nepeHx nopax TOJABKO HYXHH 40-50 caoros, Croru Hymayaa He BHAYMAJIUCH N POU 3BOJABHO,
4 BOMHE CHCTEMATHUECKOH nporpammoii: rae BOBMOXHO, CJOBa OHAM H3GPaHH C aHTIKACKOTr O,
pycckoro, $paHLy3CKOr'o, HeMelLKoro, rpedeckoro, A8TWHCKOTO, ¥ UCIIAHCKOTO A3HKOB, yTO6H
NOMOTSTh NaMfTh. ECAXA HaJAO 6yaeT, COBEPUEHHO BOBMOXHO A0GABATH HOBHE CIOTH, Kak Tak

okos0 2000 HOBHX CJAOr'OB BO3MOXHH IO HyMay L H5M npaBuIaM.
AIGABATHEA CNHCOK CHOTOB B CHCTEME, C OBBACEEHMAMHA: CX. CTP. 52,53,
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RESUKEN BN ESPAIOL
El Numaudo es ~ sistema sildbico, que sirve para expresar en forma audible
los simbolos matemdticos y ldgicos. Cada silaba del cddigo Numaudo significa una

»

cifra, una letra del alfabeto latino o de! alfabeto griego, un simbolo matemdatico, |
o un simbolo ldgico. El Numaudo no es idioma por si mismo. Se llama Numaudo , i
segin las dos voces latinas: numerus, mimero, y audire, ofr, porque las silabas de ‘
este sistema son wnimeros audiblesy. La prommciacién de las letras del alfabeto

del Numaudo es fonética e internacional, v sigue, en principio, la pronunciacién de

los simbolos de la Asociacidn Fonédtica Internacional.

Se dice frecuentamente que las matemdticas son tla lengua de las cienciasd.
Pero esta lengua no se habla jamis; existe solamente en forma escrita. Cuando se
leen en voz alta los simbolos matemAticos, se traducen en lengua ordinaria.. Por
ejemplo, las dos cifras 15 no se leen «uno, cincon, sino squince» La palabra quince
no es representacion audible de las cifras 15, es traduccion de ellas. Hay sistema
matemdtica escrita de casi perfecta jnternacionalidad, mientras que en cada pais se
traducen los simbolos del sistema en palabras del idioma del pais. E! Numaudo no
traduce, porque no es idioma, sino representacidn audible de los simbolos matemdtie-
cos. E1 que habla Numaudo, habla aritmdética, algebra, calculo, o 1dgica.

Después de la adopcidn del c6digo Numaudo, iré més rdpida y fécilmente el pen-
samiento matemdtico, porque las silabas numaudicas conservardn enteramente la exac-
titud de los simbolos mateméticos escritos. Los discipulos aprenderan las matemAti-

cas mas rapidamente también.

El progreso tecnoldgico, hecho durante los anos 1947-196C, nos ha dado maquinas
de calcular electronicas y otras aplicaciones de los principios matematicos a las
ciencias e industrias. Hay maquinas automdticas que se arrancan por mandamientos ha-
blados en el microfono, Para economizar lo mas posible en la fabricacion de tales :
mecanismos, necesita un sistema—como el Numaudo——cientifico y regular, {

Bxplicacidn de \WOos sonidos wwndudicos: Las vocales se pronuncian como en espa- I
fol. Los diptongos también tienen sonidos semejantes a los espanoles. Hay consonan-
tes cuyos sonidos difieren de los sonidos de las consonantes espanolas, a saber: la®
tiene sonido mas fuerte que la ®© espafiola; la & es més fuerte también; la & siempre |
se pronuncia como en la palabra §oto; w no es muda, sino tiene el sonido de la ) |
espanola; la j numdudica, al contrario, es simbolo fonético que se pronuncia como
y espafiola; la v tiene preferentemente el sonido fuerte devrv, lawv debe ser distinta -
de 1a b, y los que no pueden pronunciar la v labiodental pueden substituirla por
muy breve, como en la palabra hZWwevo; la = es la = inglesa y francesa, teniendo soni-
do semejante a la s suave en desde, rosto. Es muy importante 1a clarisima y distin-
tisima pronunciacién de cada silaba numdudico.

El Numaudo serd util en su forma escrita, asi como en su forma primera de sis-
tema hablado., El escribir del dlgebra y del calculo presenta muchas dificul tades:
1a mezcla de letras latinas y griegas, las pequefias cifras, diffciles de leer, y los )
signos cabalisticos que se hallan en pocas tipografias. Hoy dfa, cuando la tecnolo- F
gia afecta tan profundamente a todo el mundo, es necesario facilitar la aplicacidn !
de las matematicas., Necesita método para telegrafiar expresiones matemdticas; nece- ;
gita sistema para escribir expresiones matematicas por maquina. El Numaudo efectua Ff
ambos objetos facllmente. Todo que ahora se escribe por los simboles, las cifras, '
y las letras latinas y griegas, para expresar las ideas matematicas, se puede escri-
bir y habdlor vonbién en Numaudo. Las 450 sflabas del sistema Numaudo se escriben
por 21 letras ordinarias. No es necesario aprender signos especiales. No hay soni-

dos diffciles de ofr por teléfono.

Para comenzar a aplicar el Numaudo en cualquiera empresa.‘bastan 40-50 silabas
al principio. No es necesario el aprender de todas las 450 silabas.

v50se Lo LVisto de Los silhobos aundudicas en Loe pddinas B2 3 3




Numaudo
IVOR DARREG

ABSTRACT: A novel coding system for mathematical signs, numerals, punctuation marks,
binary and‘octal notations, end symbolic logic has been devised, Called “Numaudo”
(i.e., audible numbers), the system provides 450 syllables easily pronounceable by
persons of most nationalities. Nearly all mathematical end logicag expressions, and
the common physical unit designations, can be spoken by means of these s 1lables,
which are compatible with words of the major languages, The system can Ie used for
spoken as well as written input end output, in connection with automatic control devi-
ces, electronic comﬁgters, and information processing cquipment. When applied to the
discussion and teaching of mathematics and symbolic Fogic, the system wigf accelerate
learning processes and promot¢ general mathematical literacy. The written form of the
system can be transmitted by Morse code or telet pewriter, and is easily printed
sinﬁebxz does not require any characters other tzan the letters of the ordinary Roman
alphabet.

Name: The system herein described is called Numaudo, from the Latin words num-
erus, number, and audire, to hear. While an Enclish pronunciation of the name will
be tolerated, it is recommended that Numaudo be pronounced in jnternationally accept-
able fashion: viz. with the first u as in rule, the diphthong au as ou in out, and the
final o as in orb, the stress falling on the second syllable.

Scope: Syllables have been provided, in accordance with a logical and phonetic
scheme, to cover the ordinary needs of arithmetic, algebra, calculus, theory of num-
bers, Boolean algebra, symbolic logic, and related fields. In addition, a special ‘
code for the powers of ten has been provided, and several codes for binary and rela- |
ted notatjons used for computer work, There are svliables for the common physical I
units, and for the so-called “relation words” frequently encountered in mathematical
contexts.. A spoken punctuation method is also supplied, together with a set of op-
tional syllables.,  The assigned syllables (which are listed on Pages 52 and 53) tot-
al just over 450, yet ample room for expansion of Numaudo in the future is left,
since over 2000 additional syllables could be formed in full compliance with the
principles of the system,

~weac

While a system of this nature is likely to appear arbitrary in some of its feat-
ures, Numaudo will not present any actual memorizing problems. Most of the syllables
have been derived from words in the principal languages, as explained in the text. -
Nearly all the remaining svilables have been constructed in a thoroughly systematic 1
manner, and as each one is introduced, an explanation or mnemonic aid will be appen-
ded. The avetage person using Numaudo will only have to commit about 40 syliables
to memory—those pertaining to some specialized field. l

Convertibility: As far as was feasible, HNumaudo was so designed that its
syllables could be read off one-for-one from a page written in conventional mathema-
tical and logical notations, Conversely, conventional symbols can be written down
from dictation in spoken Numaudo. The written form of Numaudo closely follows the
accepted international phonetic transcription, while provision has been made to al-
low transmission of all present and future Numaudo syllables by teletypewriter, Morse
code, and other methods restricted to the ordinary Latin alphabet. Accordingly,
through Numaudo every ordinary typewriter becomes a mathematical typewriter, and no
special symbols are required to print mathematical or logical expressions—not even

numerals or punctuation marks.

The Need for Numaudo: Mathematics and svmbolic logic are often referred to as
“ languages "—vet theyv, unlike the other languages, whether natural or artificial,
began with written forms exclusively, no attention being paid to the possibility—
or desirability—of pronouncing their svmbols; whereas other languages began as
pur ely spoken systems, surviving for manv millennia before writing was invented.
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Thus we have a paradoxical situation: Virtually the same mathematical symbols are
in use the world over—practically every country has accepted the Arable numerals,
and conventlonal signs for operations, together with Roman and Greek letters for
various algebraic and other purposes. Yet in each country these international ly-
uniform written symbols are spoken differently. Furthermore, the numeral-names in
most languages are irregular, e.g., in English there are special words for eleven
and twelve; in thirteen, fourteen, etc,, the unitsdigit is read first, whereas in
thirty-five, sixty-scuven, etc, the tens digit is read first, Again, as one goes
from arithmetic to algebra and then to other branches of mathematics, it becomes
more and more difficult, whatever one's native tongue, to read off formulas and
equations. Awkward circumlocutions are required. Ambiguities often result,even if
the written form is clear enough.

Thus, if we have a uniform written mathematical notation, it seems only reas-
onable that there should be an equally international spoken form also, Upon devis-
ing the Numaudo system, it was found that it could be made compatible with the
principal languages, so that Numaudo words can be used in English, Russian, French,
Spanish, German,Italian, and other sentences; and it further became apparent that
the written form of Numaudo syllables could be made compatible with existing come
munication devices, as already mentioned..

Rapidly accelerating technological changes-—the intreduction of electronic
computers, the development of information theory, the emergence of automatic data-
processing methods, and recently experimentation with mechanical translation of
languages, and with information storage and retr ieval systems—have not only
demanded corresponding progress in mathematics, but also in symbolic logic and in
borderline fields, such as Boolean algebra and the algebra of classes. Wider ranges

of magnitude have to be dealt with, so that notations such as 3 X 10-% now are quite
common, Machines will be built that can respond to spoken instructions, and-or
give out spoken data, The wide availability of telephone circuits and sound-
recording devices provides a further reason for Numaudo.

So long as mathematics remained the possession of a scholarly élite, the awke
war dness of mathematical! expressions in spoken form was not a serious problem. To-
day, however, nearly every school student will have to become mathematically 1it-
erate. A few decades ago, it sufficed to know arithmetic and be able to recite the
multiplication table to oneself or mumble the sums one was adding. Now this is not
sufficient: one will need to “think in algebra”-the spoken or imagined auditory
accompaniment to mathematical and logical problem-solving will need to be just as [
fluent and rapid as the visual phase. Thus a readily-spoken symbol-code will speed
up the learning process, as well as facilitating the remembering and using of mathe.
matical and logical procedures after one has left school. Indeed the primarily-
written nature of contemporary mathematics, as against the primarily-spoken nature
of ordinarv language, could well explain the widespread antipathy to mathematics as I
a school subject, and the difficulties many have acquiring mathematical skills, even ?
when they sincerely want to do so.

Quite possibly, the existence of an auditory form for most mathematical and
Jogical symbols will lead to faster thought-processes among mathematicians, as well
as with engineers, scientists, arnd anyone else who must do mathematical thinking.
In addition, it is likely that the existence of Numaudo will permit actual convers-
ing in mathematics and talking symbolic logic, in a way that is not possible with
the present makeshift expedients.

Another use for Numaudo will be in the teaching of mothematics to the blind,
and to schoolchildren whose sight must not be strafned with excessive reading. No
problems should be encountered in transcribing Numaudo into Bralille.

Note that when a given set of mathematical or logical symbols are read in
Numaudo instead of being read in an erdinary language, there will be a considerable ,
saving of time. Correspondingly, the written form of Numaudo will take up less i
space than would the words used to denote mathematical svmbols, mmbers, etc,
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Alphabet and Pronunciation: The following letters form the primary alphabet
for Numaudo: a,b,d, e, f, g, h, 1,75,k L,mmn,0,p,7r, s, t,u,v,3 As secondary or supple-
mentarv letters the following may be used, as will be explained: ¢ or f; g, a2, or G5
? or ?; y or #. Because Numaudo is an international code for the already inter-
national written mathematical and logical symbols, it has to have an equally inter-
national phonetic basis. Work done bv experts in linguistics and kindred fields has
established certain principles, which have been taken into account in constructing
Numaudo.

For example, it is well known that the different languages, and even different
dialects of anv one language, have widely-varving sound-systems. No French sound,
for instance, corresponds exactly to any English sound, though most sounds of one |
language have their rough counterparts in the other. A numaudo-type code based i
upon English sounds would be useless and unintelligible to most Europeans and Ori- !
entals, and the British pronunciation ef such an English code might not be intell-
igible to Americans. While any one of the ordinary languages possesses from 30 to
45 speech-sounds, there will be varieties and sub-varieties of each such sound. A
trained phonetician can recognize hundreds of speech-sounds, and the standard Int-
ernational Phonetic Alphabet has over a hundred letters, with diacritical marks and
modifving svmbols making about a thousand notations possible. Such precision, how-
ever, and such fine distinctions are intolerably cumbersome for denoting connected ‘
speech, Thus attention has been given in the last two decades to phonemics, or the i
studv of broad categories of sounds actually used to distinguish words in any given I
language.

While a language such as English can have 30 or more phonemes, a spoken code i
such as Numaudo cannot have so manv, because it must be intelligible to a German }
when spoken by a Russian, or intelligible to a Japanese when spoken by a Greek.

More important still, a computer-input device, an automatic machine of the voice-
controlled type, a voice-actuated typewriter, or other apparatus yet to be invented,
must function equallv well, whatever the nationalityv or accent of the person-or the
machine! —that speaks Numaudo into it. Furthermore, as already mentioned, it must

be possible to insert Numaudo code syllables into sentences spoken in any ordinary :
language, natural or artificial, without confusion or ambiguity resulting. i

Obviously, total compatibilitv of this sort is unattainable, The twenty most L
widely-spoken languages just do not have a sufficient number of sounds in common, or
even nearlv equivalent, to construct an ample code-system. Nevertheless, it is
feasible to construct a svstem which is 90% compatible, and in which ambiguities are »
rare. In the following pronunciation list, it will he noted that any one sound |
may be pronounced in several ways. This latitude will take care of such circum- -
stances, for instance, as the absence of a w-sound in Russian while several other
languages have a w-sound but no v-sound, and still other languages have neither, but
do have a sound intermediate between » and v.

==t

Voice-opcrated machines and computer inputs should be designed to respond to
anv sound within the range indicated—that i1s, to phonemes rather than to allaphones, i
—and speaking machines, such as talking voltmeters, computer outputs, and teleme- |
tering apparatus that responds to interrozation, should be designed to utter inter-
mediate qualities of speech-sounds, at the center of the tolerance range, whenever
possible.

In Numaudo, the vowels have their Continental values:

a as in father, ah; (the French sounds of a in la and pas are both acceptable);

e as in let, met (&), e in there is accerted also;

i as in police, machine (English long & in me); (never 1 as in bit);

o as in orb, porch, or as the aw in lawn; (but not & or & as in go or hot};

u as in rude, June—but u as in put will be tolerated. {

The supplementary vowels will be discussed later, |
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The Consonants are sounded as follows in Numaudo:

as In bibd ;

as in did ;

as in fluff ;

as in gag (never “sofi" as W ginger)

as in hit, hold, hot, or better still as German ch or Spanish j (obwoys fubly
souwnded, never stlent, and never wsed LW Ay duErophs swoh s ph,
ch, th; Tiovions, FTeeonchmen, ond others wao connol pronounce h
noy Suostituie The Eadligh or Trench j-souna);,

as the y in yet, year, young (Thiz s the value of j os on lnternationod

=T NS HR

2
PThonelle Sumool, and j mest nob be dlven LIS télish sowd)
B as in kick ;
l as in lull ;
m as in minimum ;
n as in noon ;
p as in pip ;
r as in roaring, or better still as trilled Italian or Spanish rr ;
s as in sassafras (never as \h was, rose, wvision, OFY sugar) -
t as in take, tot (wever th, ond neder as M nation) ;-
v as in wery (but any sound between v and w as in well will be tolerated) ;
2z as in zero, zeal, fizz .

BEFORE READING FURTHER, PLEASE REVIEW CAREFULLY ALL THE VOWEL AND CONSONANT
SOUNDS GIVEN ON THIS AND THE PRECEDING PAGES! Hardly any language but English ever
spells the vowel sounds as: @ in late, & in hat, & in me, € in her, 7 in mile,
¥ in bit, & in dot, 6 in son, @ in move, & in music, ¥ in but, Therefore Numaudo
syllables would not be understood internationally if pronunciations according to
such English spellings as those just given were permitted. To function as the exista
ing written symbols functiom, and to be their proper audible representation, Numaudo
must conform as closely as vossibie to internationa! phonetic practices.

\tioned above have not been used in any of the 450

The supp lementary lettars mer
syllables assigned within this articie, (See Pages 52-53 for an alphabetical list.)
They are merely optional, being given only as a hedge against future unexpected de-
velopments, Otherwise stated, if anyone insists on adding more sounds to the Num-
audo system, the supplementary ones given here are the ones to add first. If they
are never added, so much the better. The Supplementdry Sounds are pronounced as

follows:

J» § (may be coded as ¢) either
coded as ¢) as German & or as % in up ;
u or German # (this sound does not occur in English) ;

as sh in fish or as ch in church ;

@, 6,8, (may be
%, y as French

? (may be coded
stop, best described as a catch in the
means disappointment or surprise. Nost languages have t

it.

as a standard cuestion-mark or as an apostrophe), the glottal
tliroat, and heard in American oh-oh when it
he sound, but no letter for

The characters~f¢jf7are official international phonetic symbols. The characters
§ &, i, ’ are widely accepted by philologists, The character? is almost universal-
ly used for the obscure a in sofa, a sound near enough to & and to u-in-but that a
system such as Numaudo can ignore the differences. The codings ¢, q,y,?*are mere ex-
pedients for typewriter and punched-card use, save that y happens to be an official

phonetic symbol.
Accordingly, the letters w and ¥ will never be used in Numaudo syllables (see

Page 50 for further information) and ¢, g, and y may never actually come into use.
Thus five letters of the standard 26 are available for non-speech uses, such as sym-
bolizing bells, buzzers, tone-signals, or the 1ike that may be used by some machines

that also utter spoken-Numaudo sounds.,
Numaudo may be punctuated like ordinary

plied for all uses of dots, commas, colons, etc.

punctuation rules of the French language.

language, since syllables will be sup-
Written Numaudo may follow the

Hilt

T e ————
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For the English-speaking Numaudo user, a word about diphthongs:

If two vowels are used in forming a Numaudo sy!lable, the resulting diphthong does
not have a value different from what shouid be expected from the pronunciation of
the vowels taken separately, as explained at the bottom of Page 3. That is, these
vowels are phonetic symbols, not subject to the vagaries of French or English spel-
ling principles. Thus ai will have the sound of ai in aisle; au will sound like
ou in house; ei will sound like ei in eight; oi will sound like oi in oil; ou
will sound like ow in mower; ui will sound like ooey in gooey. Diphthongs will be
used sparingly, although cases will occur where it will be better to use diph-
thongs rather than the two supplemental vowels. Any two vowels, even two of the
same vowel, may be combined to make a diphthong; but only those listed above are
congenial to speakers of the principal languages. In all cases the loudest, or
stressed, vowel is the first one in the diphthong.

N.B.: As already explained, conventional mathematical symbols are a written
system without a legitimate spoken form. Thus at this point it is time for a re-
minder that spoken Numaudo is a code for the conventional written mathematical and
logical svmbols, and written Numaudo is a code for a code—a code of the second
order=-and thereby subsidiary to spoken Numaudo. In actual teaching of this
system, viva wvoce instruction by the teacher, or sound recordings, will present
spoken Numaudo syllables while the conventional mathematical symbols are shown or
pointed to, to establish a firm association between them. The written form of
Numaudo will be taught later on, in order not to cause difficulties with languages
such as French or English, which are unphonetically spelled, or with languages
such as Greek, Russian, Japanese, or Hebrew, which do not use the Roman alphabet.

This reminder has been inserted here because necessary emphasis within this
paper upon the written form of Numaudo may cause one to forget that the spoken
form of this system is primary to the written, and far more important. However,
it remains to be seen whether the ability, by means of written Numaudo, to print
mathematics and symbolic logic with only 21 letters, not even needing numerals,
will promote mathematico-logical literacy.

Construction of the Syllables: The fact that the major languages possess
relatively few sounds and sound-combinations in common, severely restricts the
number of ways in which sounds can be combined into syllables, as well as the
number of elementary sounds that can be used in such svllables. This explains
why some of the syllables will appear arbitrary. For example, the Indo-FEuropean
languages agree surprisingly well in their numeral names, and such forms as tri
for 3 and sep for 7 in the compiled language Esperanto would be understood all over
Europe. Numaudo cannot use such international names for the ten digits because
Numaudo must meet the needs of present and future machines as well as persons.
That is, Numaudo has been designed so as to make it easier to build a machine that
can listen to or speak Numaudo than to build one for some other system.

First in order of preference are syllables beginning with a consonant and
ending in a vowel, such as: ba, do, ki, mo.

Next come syllables beginning with a consonant and ending in a diphthong,
such as: bau, mai, lei, noi, sau.

Third come syllables of the pattern consonan t-vowel-consonant, such as:
Lem, nun, sek, mis, fad.

Fourth in rank would be those patterned consonant-diphthong—consonant, suc
as laim, feis.

Last of all are any syllables that would have to contain supplementary sounds.
These are to be avoided if possible. This includesvowels or diphthongs by them-
selves: refer back to remarks on ? (glottal stop), lower part of Page 4.

Consonant-clusters are not to te used at all: No syllab]es_like stu, fand,
pleits, tra, miks, &c., may be added to the system. The reason is that many lang-

uages forbid consonant-clusterses




There are not to be any closed syllables of the type vowel-consonant: Such
svllables as ap, eb,oist, ost, erd are never to be introduced into Numaudo,

The ending of svllables with wvoiced consanants, as moid, reb, Sug, is to be
avoided as much as possible by substituting the corresponding voiceless consonant,
so that ref will be preferred to rev, lup to lub, mas to maz--but in such cases as
log, where a conventional symbol can be carried over intact into Numaudo, the
voiceless-consonant counterpart (in this case, Lok) will be kept out of use as long
as possible, and assigned to something as unrelated to logarithms as possible if
it should ever have to be used., This accommodates speech-patterns of speakers of
German, Dutch, Russian, Polish, and quite a number of other languages which avoid
final voiced consonants.

As far as possible, syllables containing 1 and those containing r, but otherwise
identical, will not be assigned to similar notions. This is out of deference to
Chinese, Japanese, and several other languages which do not possess both 1l and r.

Such syllables as de, wvu, tu, which are words in several languages, are pref-
erably assigned in such a way that they will not occur by themselves in such a
way that they could be mistaken for such words when spoken in conjunction with
those languages.,. This has been done where practicable, and this principle should
govern the assignment of other syllables as Numaudo grows in vocabulary.

Despite the restrictions enumerated, there is ample “room for expansion” in
Numaudo, and as it is tested, used, and improved, ideas for further growth of a
kind not clearly visualized at present will occur to its users,

One important reason for restricting the type of syllables allowed, is to make
it as easy as possible to analyze a long spoken or written “word” into its con-
stituent svllables, and to preclude ambiguity that otherwise would result from
wrong syllable-divisions. Listening machines, especially, will be much more reli-
able, and less expensive to construct, when it is determined beforehand that they
will not have to handle syllables beginning with vowels, and that any succession
of two consonants must be from the end of one syllable and the beginning of
another,

COMMON SYMBOLS AND THEIR NUMAUDO REPRESENTATIONS:

(MOTR: T ronunciations Vo dlieh spelling will e diven Wn parentheses ofver
eoch Numowdo syLloble. THAS ys for he odd of BALA eh-3p ok NS Learners onbyy  and i
sueh Badlish-type zpellLings are wob actuolly o Ye waed An welting Kunowds . ) b

THE TEN DECI¥AL DIGITS: These, the fundamental and most frequently-used syl-
lables in the Numaudo system, are constructed according to these principles: f

a) Even digits begin with voiced consonants;
b) Odd digits begin with voiceless consonants; %
¢) The five vowels, a,e,1,0,%, in that customary alphabetical order, are used T
twice in succession to form the ten syllables. i,
This has been done in order to aid memory, to gimplify the design of automatic !
spoken-digit-recognizing equipment, and to permit simplification of devices incor- I
porating binary-coded decimal representation. !

! 2 3 4 5 6 7 8 9 0 ;
sa se fi vo pu ba te di ko gu g
(sah) (zeh) (fee) (vaw) (poo) (bah) (teh) (dee) (kaw) (goo) \

The customary decimal positional notation is followed, but commas are not |
used in the written form, since the comma is a decimal point in most countries.
Instead, a space may be left between each group of three svllables, and in speak- i
ing there will be a slight pause after each such group of three mmerals, and a b
slight stress on the first syllable of each group of three. Optionally, the groups |
of three svllables forming large numbers may be connected by hyphens.
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(Te is pronounced t&, as in test; Ze is pronounced z& as in zealous, zest.)
Examples: 8, di ; 18, sadi ; 418, vosadi ; 3,418, fivosadi or fi-vosadi ;

(dee) ( sah=~dee) (vaw~sah-dee) (fee-vaw-sah-dee)  (fee, vaw<sah-dee)
249,135, 780, zevoko-safipu-tedign ; 40C. vogugu ; 67,016, bate-gusaba ; 98, kodi .
(zeh’ vaw=kaw, sah’fee-poo, teh?dee-goo) (vaw’ goo-goo) (bah”teh, goo’ sah=bah) (kaw=dee)

Ordinarily, long numbers will not present a problem. Present-day numerical
data, particularly in scientific practice, often is expressed with one or two sig-
nificant figures, multiplied by a pesitive or negative power of ten. Therefore, a
special method for coding powers of ten has been incorporated into Numaudo, thus:

Suffixing de to a number will multiply it by a positive power of ten. In other
words, de means: ‘‘(--- times) ten to the nth power” .

Suffixing do to a number will multiply it by a negative power of ten.
words, do means: “(--- times) ten to the wanus-nth power™ .

In Numaudo expressions of this kind, the number to be multiplied will come
first, then de or do, then the number expressing the absolute value of the exponent
that ten is to have., All the syllables involved will be written as a single word,

as this will prevent ambiguity, rather than causing it. In speaking, de or do will
be slightly prolonged. fyem> please note pronunciation carefully: (deh) (daw)

To lessen the burden on the memory, separate syllables have not been provided
for such powers of ten as hundred, thousand, million, etc. It is really much sim-
pler to say, for instance, sadeko for 1% 10?2, than it would be to invent a word,
requiring a separate memorization effort, to mean *1,000,000,000” . In many cases,

an even shorter form, deko, could be allowed.
exist: with the exponent representation described on Page 8, one can say sagupoko;

and then there is the rather impractical *brute-force” method of ‘“spelling out"” as

Sa— U gU JU~ U SU U~ GULU Lle )

Examples: 3x107, fidete ; 3X10-7, fidote ; 1029, sadezeko or dezeko ;
( fee-deh-teh) ( fee~daw~teh) (sah~deh-zeh-kaw) (deh-zeh-kaw)

In other

10-15, (sa)dosapu ; 3.2x10-1, finaze-dosasa ; 4.7 X103, vonate-dezefi.
P

[( sah-) daw-sah-poo] (fee-nah-zeh, daw-sah-sah) (vaw-nah-teh, deh—zeh-fee)

pauses and inflections of the voice will be used as required to
However, speaking fluently in Numaudo code will

impressions of difficulty are merely the result
rtinent aspects of a spoken system.

In speaking,
assist in making the meaning clear.
not be difficult or complicated: any
of the inability to convey in writing all the pe

As the above examples have just illustrated, the decimal point is represented
by the syllable na. Incidentally, this substitutes a uni form syllable for the us-
nal European comma (as in 3, 56) the American period (as in 3.56) and the usual

British raised period (as in 3°56). A pause before the decimal-point syllable is
Some digital machines may require a warning that a number is less than
unity: in such cases, gu should precede na. Elsewhere, this gu is optional.

The plus sign +,when, and only when, it is used as the addition operator, is
spoken as pa. Example: 43+75, wvofi pa tepu .
(pah) (vaw-fee pah teh-poo)

However, when no addition is performed, and the p
show that a number is positive as opposed to negative, ga is the rendering.

Similarly, the minus sign as subtraction operator igﬂexpressed by mi, but the

minus sign prefixed to negative numbers is rendered b% go. (mee)
gaw)

TOTALS mav be preceded by the syliable toif. Sfb-tota]s or intermediate re-
" {toyce) \{ 2¥E:

sults may be indicated by prefixing tois. (toyce) \.

The main reason for making a distinction between signs and operators is that
Numaudo will be used in many cacecl for giving instructiens to machines, or for
talking about machines and instrv
ber will follow” and “subtract the following number from the preceding one’
quite different. Similar reasoning applies to the distinction between a sign to
show a number is positive, and instructions to add it to something else.

optional.

?

may be

(Adrittedly, two other possibilities

lus sign merely is prefixed to

uetions to them, The instructions “a negative num-
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Siss, thee are. ek vases as the Indiostion of charged iona In chemisiry,
polarities in electrical enginecering, ctc.,where the use of two kinds each of plus
and minus signs may be helpful.

Multiplication is indicated by the syilable mu, but, as in the conventional
written symbol-system, the syllables which stand for the letters used in algebra
(these syllatles will be given laier) may be juxtaposed to indicate multiplication
without need for mu. Whether the conventional muitiplication sign be ><, or the -
dot (raised above the !ine in American practice, on the line elsewhere) the Numaudo
represeritation is uniformly mu. (As an aid to memory, this is the first part of
the word “muitiply”.} (moo)

VOTE: certain syllables, such as -de- and -do-, already mentioned, include
the notion of multiplication, so need no mu.

Division, whether expressed by the fraction bar /, by the horizontal line ——
separatirg numerator and denominator, by the division sign-, or by words such
as Yover™ or *divided by”, is uniformly expressed by da in Numaudo. Fractions
with several members in numerator or denominator will be expressed with the aid

of parentheses, as will be explained below.
34 :
Examples: % fidavo or fi da wvo ; 100 % 7 sagugu da te . 1783 fivo da
(feedahvaw) (fee dah vaw) (sahgoogoo dah tzh) ( feevaw dah

satedi fi .

sah-teh-dee-fee)

Expcnents are expressed by the syllable po (from the word “exponent)preced-
ing them, and, if anything follows the exponent that could cause ambiguity, the
svliable nu follows the exponent and precedes this other sign. In cther words,
po and nu are used as parentheses to enclose the exponent. Furthermore, various
kinds of superscripts, as tne 2 in the expression for a second derivative, or
the exnressions placed above %, arc treated in Numaudo as though they were expone-
ents and enclosed between p» and nu.

Subscripts, in a similar manner, are preceded by the syllable su (which, of

course, is the first part of the word “ subscript” ), and, if necessary, just as
has been explained in the case of exponents, are fol lowed by zu.

Tn the rare cases where subscripts or exponents have their own subscripts or
exponents, the syllables are doubled: popo, nunu, susu, 2usu.

Expressions underneath a & are treated as subscripts,

The radical sign v is expressed by two or three syllables: ra precedes the
radicand and re follows the radicand. If the index be other than the (convention -

ally understood) 2, ru precedes th» index, these being followed by ra, the radicand,

and re.  Examples: V2 razere ; V2 rufirazere ; V24 rusaze razevore
(rah-zeh~reh) (roo -fee-rah- zeh-reh) (roo-sah-zeh==rah- zeh-vaw-reh)
J/P4607 ra-kovobapute-re . (70 tlese svilables stands for radical.)
(rah=X - -vaw—-bah-goo- teh~reh)
The equality sign = is expressed by fe, pronounced as in fed, fence. (This is
for the French word fait, often used in this meaning,)
EXAPLES: o+ 2= 5 ze pa fi fe pu . 97 - 8B3= 114 sakote mi difi

(zeh pah fee feh poo) (sahkawteh mee deefee
fe sasavo . 8 x7 =58 di mu te fe puba . 4+ 3= 9 gete da fi fe ko .
ieh sahsahvaw) (dee moo teh ffeh ;ﬁ)obuh) (zehteh dah fee feh kaw )

Prrertheses of course take a pair of syllables, to for ‘("and tu for")'.
Brackets, similarly, have ho for ' ["and hu for ].  Braces, being less often

used, take three-letter syllables! tot {, - tut ).
Examples: (5-2) <(4+3) to pu mi ze tu mu to vo pa fi tu :

( taw poo mee zeh too moo taw vaw pah” fee too)

(2 +3 +5)2 to ze pa fi pa pu tu po ze (nu%].

[ taw zeh pah fee pah ‘poo too paw zeh (noo

B R S ——.
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The vineulum, ,as sign of aggregation, is rarely used, but the syllables
hot and hut may be used, just as though the vinculum were a pair of parenthesis-like
signs. The customary radical signy is sometimes considered as though it were the
element v followed by a vinculum over the radicand, but in Numaudo, radicals will

be dealt with as already has been explained on the lower half of Page 8. Likewise,

the fraction-bar is not considered a vinculum in Numaudo, but is expressed as has
been set forth in Paragraph 4 of Page 8.

As explained at the bottom of Page 7, the syllable ga has been assigned as an

: : iod : h) : i
optional plus sign+ for denoting positive numbers (equlvaig;t to mul tiplication
by +1), while the syllable go is the minus sign for prefixing to negative numbers

(equivalent to multiplicatioéggy-l). The syllable gi stands for the so-called
o ) - {ghee——gea as in gear)

imaginary unit” JZT, and as an aid to memory the i in this syllable may be thought
of as the i commonly used to represent /=1. (Naturally, the j used instead of 1@
in such fields as electrical engineering will also be represented by gi in Numaudo. )
The syllable g¢ stands for -i. Thus all four syllables ga, ge, gi, go may be re-
garded as oper 8§g 5r“§i§ﬂs,g§5d)are prefixed to other syllablesw which stand for
nmerals or letters, to form complex numbers of the type axib. If the repre-~
sentation of an imaginary in conventional notation should happen to have the i last,

it will be transrosed in Numaudo; thus 13 or 3¢ will both be expressed as gifi.
: s 3 . (Hard Gagain; éeetfee)
This uniform representation will allow complex numbers to be expressec with fewer

syllables without risking ambiguity., The use of gi by jtself to mean i, and ge
by itself to mean —-i, will be allowed.

Examples: +4 +i7, gavogite +4-17 avogete
5 » (ggnhv:ﬁvgheeteh ) : (gahvawghehteh)[ge as in get]
-4 417 , gowgite -4-17 , govogete
(gaw vawgheeteh) (gawvawghéteh)
4+6.2+137.9 , gabanaze-gifitenako ~-2.8-167.0 , gozenadi-gebatenagu
(gahbahnahzeh-ghecfee tehnahkaw) ( gawzehnahdee~ghebah tehnah goo)

It is possible that there will be special machines or storage devices, the
input to which will consist mainly or exclusively of complex numbers. In such
cases, it may be advisable or necessary to put in real numbers in the form+3+41:0
gafi%igu, and pure imaginaries in the form (+1%0)+i2 gagugize. Whetbher the

(gahteegheegoo) &)gahgoogheezeh) 011
“plus sign” ga will or will not be necessary before positive real numbers, wi
depend on the reguirements of the machine. It was assumed 1n the above examples

that machines would usually require its use.

Of course, in the teaching of mathematics and in fields other than engineering,
other Numaudo renderings of imaginary and complex numbers than those recommended
above, may be employed.

From what has already been said, and what will be explained below, the exten-
sion of Numaudo to the representation of hypercomplex numbers, co-ordinates, vectors
and the like, will be sufficiently obvious. At this stage-:that of an initia{,
elementary presentation of the Numaudo system~-we do not wish to be too specific
about those details of the system that are better e}aborat?d by.the persons versed
in specjalized fields, who will extend the svstem as need will dictate.

Since the conventional mathematical notation has the resource of blank space
to aid in grouping items for avoiding ambiguity, whereas an interval of silence in
spoken Numaudo may not necessarily be unambi guous 1y equivalent to such a blank'
space-—and in the case of tape-recorded speech of prunched-or-recorded-tape coding
of written Numaudo, blank tape mal not necessarily equal blank spaces of the con-

ventional notation, the syllable ri (ree) has been assigned as a separation mark, to
to group syllables in neater or

.

FELE
be inserted wherever needed to avoid ambigulity or
more comprehensible fashion.
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Besides the separation mark ri, there is another special separation mark, ha.
Ha is used primarily to separate the inteper from the fraction in mixed numbers.,
That is, ha would be used in the Numaudo rendering of 1 1/32 to prevent it being
misread as 11/32. Sometimes it might be helpful to use ha to mean “the number fol-
lowing is the numerator of a fraction” since many circumstances could arise where
the syllable da might come too late. Ri and ha will have uses in svmbolic logic
and other applications—eventually more separation-marking syllables may have to
be assigned.

Examples: GCountanpz 4, 2, 3,4, 5, sis sa ri ze vi fi ri vo ri Pu ...

(In those cases where a sequence of numbers might be misinterpreted as
a single large number “12,345" or the like)

Ri to indicate the end of a line in reading off a table.

3 v2 fi mu razere (an example where the separation marks are not used) .
(fee moo rahzehreh)

1% saha fidavo 2% ze ha sadaze 5-1/3 #u ha sadafi
(sah hah feedahvaw) (zeh hah salidahzeh) (pooh hah sahdahfee)

%, 14, ... sa ri fidavo ri sa ha sadaze ...
(sah, ree feedahvaw, ree sah hah salidahzeh (g
(This last example represents a case where the quantities here separated by
commas are successive entries in a list, entries in a line or column of a table,
successive instrument readines called off as they are observed, etc.)-

1t will be understood, of course, that these separation marks are not mand-
atory. If, through rhythmic grouping, stress, inflection of the voice, etc., it
is found possible to avoid ambiguity, then the separation marks may le omitted.
Or, they may be used at the beginning of a Numaudo utterance to establish the
pattern, and then dropped. FRi may be repeated, riri, to indicate a greater separ-
ation,

Ordinal numbers arc indicated bv suffixing the syllable ma. ‘Ordinal” is
here to be taken in a generalized sense, as this use of ma will be found helpful
even outside mathematics proper, and will extend the usefulness of Numaudo.

1 or one, sa. First, sama. 2 or two, ze. Second, gema. 3 or three, fi.

(sah) (sahmah) ( zeh) ( zehmah) (fee)

Third (ordinal, not fraction), fima, yth, nima.
( feemah) {neemah)

The constant e (2.7182%+), the hase of natural logarithms, is represented
by the svllable ke (pronounced as k¥ in keg). Note that when the Jetter £ or e 1is

used for anv other pirpose than to denote this number, it will then be represented
by ju (see *letters” below).

{yco)
The constant = (3.14159+) is assigned the svllable ?i_(prononnced bee),
as this is the pronunciation of the name of that Greek letter in most languages

except English,

The large capital 1l , denoting a continued product, is represented by the

syllable pir (pronounced as the word peer).

The large capital sigma T is assigned the svllable si. As already explained
in the middlehof Fage 8, the expressions conventionally nrin?éﬁ above the sigma

are treated as if thev were exponents, and the expressions conventionally printed
treated as if they were subscripts. This device is to reduce

below the sigma are
as ambisuitv could hardly resul t,

the burden of remembering additional syllables,

The continuation sign, three dots ... ,

andd the abbreviation etc. or equival-
the svilable mo. This is done whether further

ent words, are represented v
expressions follow the continuation

- e i 8
Examples: 1, 4, 9, 16, ... sa ri vo ri ko ri sabta mo
(sah ree vaw ree kaw ree sahbah maw

sign or not.
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: Besides ic separation mark ri, there is another special separation mark, ha.
Ha 1s‘used primarily to separate the inteser from the fraction in mixed numbers.
That is, ha would be used in the Numaudo rendering of 1 1/32 to prevent it being
misread as 11/32. Sometimes it might be helpful to use ha to mean ‘ the number foi-
lowing is the numerator of a fraction” since many circumstances could arise where
the syllable da might come too late. Ri and ha will have uses in svmbolic logic
and other applications—-eventually more separation-marking svllables may have to
be assigned.

Examples: Countangs 51, 25 3. 4 55 s sa ri zevi fi ri vo ri PuU ...
(In those cases where a sequence of numbers might be misinterpreted as 3
a single large number “12,345"” or the like)

Ri to indicate the end of a line in reading off a table.

3v2 fi mu razere (an example where the separation marks are not used) .
fee moo rahzehreh)

1% saha fidavo 2% ze ha sadaze 5-1/3 ¢pu ha sadafi
(sah hah feedahvaw) (zeh hah sahidahzeh) (pooh hah sahdahfee)

1, % 1'%, ... sa ri fidavo ri sa ha sadaze ...
(sah, ree feedahvaw, ree sah hah salidahzeh ...)

(This last example represents a case where the quantities here separated by
commas are successive entries in a list, entries in a line or column of a table,
successive instrument readines called off as they are observed, ete, ). L

|

It will be understood, of course, that these separation marks are not mand -
atory, If, through rhythmic grouping, stress, inflection of the voice, etc., it
is found possible to avoid ambiguity, then the separation marks may be omitted.
Or, thev may be used at the beginning of a Numaudo utterance to establish the

pattern, and then dropped. Ri may be repeated, riri, to indicate a greater separ-
ation,

Ordinal numbers arc indicated bv suffixing the syllable ma. “Ordinal” is
here to be taken in a generalized sense, as this use of ma will be found helpful
even outside mathematics proper, and will extend the usefulness of Numaudo.

i

1 or one, sa. First, sama. 2 or two, ze. Second, zema. 3 or three, fi. I

(sah) (sahmah) (zeh) (zehmah) (fee) A

third (ordinal, not fraction), fima,  Nth, nima. i
( feemah) (neemah) ]

The constant e (2.7182%+), the base of natural logarithms, is represented
by the syllable ke (pronounced as k& in kes). Note that when the letter E or e is
used for anv other purpose than to denote this number, it will then be represented
by(ju_(see “letters” below).
yco)
The constant = (3.14159+4) is assigned the svllable ?iA(pronounced pee),
as this is the pronunciation of the name of that Greek letter in most languages i

except English,

The large capital Il , denoting a continued product, is represented by the

syllable pir (pronounced as the word peer). |

The large capital sigma I is assigned the svllable iié? As already ?xplalned
; ed above the sigma

in the middle of Fage 8, the expressions conventionally rrin
are treated as if thev were exponents, and the expressions conventionally printed

below the sigma are treated as if they were subscripts. This device is to reduce
the burden of remembering additional syllables, as ambiguity conld hardly result.

The continuation sign, three dots ... , and the abbreviation etc. or equival- ;
ent words, are represented iw the svllable mo. his is done whether further 1
expressions follow the continuation sign or not.

Examples: 1, 4, 9, 16, ... sa ri vo ri ko ri sata mo .
(sah ree vaw ree kaw ree sahbah maw )
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(Bxamples continued {rom preceding pade) 1, 2, 3, .:. 10 sa ri ze vi Ffi mo sagu
(sah ree zeh ree fee maw sahgoo

The comma’when ?sed‘for “ordered couples” and similar purposes, and also when
used in symbolic logic, is represented by the syvllable ki. Note that (Page 6, at

2 Z k
bottom) the comma used in English-speaking countries t% set off groups of three
figures in Jarge numbers, and the comma used as a decimal point in other countries,
are never represented by ki. Ki mav be used as a separation mark.
Example: ( 3, 4 ) to fi ki vo tu

(taw fee kee vaw too)

The integral signtjh is represented by.Sgiw Remarks about sigma above, as to
the tr eatment of expressions at top and bottom of the sigma, apply also to the
integral sign.

Non-terminating decimals may be indicated with a variant of the mo used as
the continuation sign: namely, mor, pronouncedas the word ‘“more"”, from which mo
and mor have been taken. No attempt has been made to represent the phenomenon of
indefinitely repeating decimals, because this would place too much demand upon the
listener's memory and attention span.

Examples: 3.14159... finasavosapuko mor 0.142857... gunasavozedipute mor

( fee-nah~sah-vaw-sah-pooh-kaw more) (goonahsahvawzehdeepoohteh more)

LETTERS IN ALGEBRA ETC.

While all twenty-six letters of the Latin alphabet, in both capital and lower- ‘
case forms, and all twenty-four letters of the Greek alphabet as well, may be found
in algebraic and other mathematical expressions as conventionally notated, only
a few of these letters, viz. a,b,c,d,n %, 9,2 account for the vast majority of the
letters used.

The different langnages using the Latin alphabet do not agree on the naming of
the letters of the Latin (Roman) alphabet. Indeed, the English names and sounds of
those letters differ so radically from the usage of other languages that it was
impractical to compile syllables for Numaudo with regard to the English spelling,
and thus it has been necessary to assume a more international set of letter-sounds
(substantially that agreed upon by phoneticians and philologists) in constructing T
the system. Furthermore, it has been necessary to give the (often merely approxi- »1
mate) English spelling under every syllable explained in this paper. ;é

It. should be repeated here that the spoken form of Numaudo is primary to the
written form of Numaudo used in this paper, even though the spoken form of Numaudo :
is secondary to the conventional written mathematical notation., Therefore this |
paper and anv subsequent editions of it will eventually be supplemented by a sound

recording.

While the ancient Romans named the letters of their alphabet, these will not |
do as a basis for international letter-names, because modern opinion as to how to
pronounce the names differs considerably. Furthermore, the letters j, u, w are
not part of the original Latin alphabet, being merely derivatives of I and 7. Also,
even though there is considerable international agreement on such names as el, em,
and en, these svllables begin with vowels, and thus are not allowable in Numaudo. ;

(See page 5.) |

The foregoing and other considerations compel the adoption of a somewhat ar-

bitrary compromise solution to the naming problem.

e letter-occurrences in ordinary ;

Since a few letters account for most of th :
1 be assigned to them, thus:

mathematics, svllables from the preferred list wil

“Knowns™: a, jo, b, 3e 3 ¢ 3w d, 3¢y & Il
(yah) (yeh) (yee) (yaw) (you) .
(CONTINUED ON NEXT PAGE)

o
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(Continwed): ‘‘Unknowns”: ‘v, \o ; m \e KHI;IHgQW;HMQJ-QSM;f“;:"m\ﬁﬂr o fea
(1ah) {1eh) (lee) (law) (loo)

7 r S 3 - y
¥orm, in the usual meanings, ni. (Pronounced ‘“nee”.)

, ‘ Be??us? p and g are very frequently used in symbolic logic, they
also receive syllables from the preferred list (fortunately, coinciding with their
Latin mames):- B, bde 4:ig, ks
(pe as in “pet’:)” (pch) (koo)
’ Note careifully that the syllable jo stands for d whenever this letter
is used as a general number or is used with other letters such as a, b, ¢, ... for
ordinary mathematical and logical purposes, but jo VEVER means the d of calculus
in such expressions as  dx —in fact, in many countries this d is kept in roman
type while the other letters ¢o in italics: dx, dy, etc. The d of calculus, then,
is expressed by the syvllable du, and the ordinary d is distinguished from it bvuﬁng
: doo as in “doom” ) . 5
the syllable jo.
(yaw)
Similarly, néte carefully that the constant ¢ (sometimes written with

a Greek €), 2.7184, is rendered by the syllable ke, but the letter E or e in ordin-
. k = ilk ,"

ary uses is rendered by the syllable ju, conformigg with the %eries of “knowns"”,

(yoo, as the word “you' )

a, b, ¢, d, e, given above.
The letter f, when used to indicate a function, is expressed by the
svllable fu, which, of course, comes from the first two letters of the word Ffunction.
Because {u does not stand for any ordinary algebraic use of the letter f, but only
(1oo)

for a function, it will not always be necessary to express the par entheses in such
an expression as f (x) . For additional finction symbols, see the list at the end of this
article., The letter f, in any other use than that of indicating functions, is

repr esented by the syllable fef.

Résumé of the Letter-Designations:

|

Letter Numauda (?hm“mﬂaﬁon-I"‘E Letter Numaudo ! (Prm, In

. Fnglish spelling) i ) : Eugl.Sple.)
a .. is represented by _7a | (yah) N .. is represented by . 71 (nee) :
B i e je |(ye asin“yes™ || 0 - hok | (hawk) ‘
g g gras Ji 1 (yee) b pe  (pe in “pet”) |
", e N T S P $ 3 . ku § couth :
észullabla Ju | (you) iy r rer | (rare)
J fef C(feff) i s 8€S | (sess)
SR geg | (ghege) || t . tet | (teet)
b PSS B “ u . bk | (hoohk)
i TERn i hiR | (heek) Ty ~la | (1ah)
| T R ey e joti (yawt) 1‘ L o e (Je in “led” )
e s 5 ST i i SUE N ¢ 8 S En
P ke danl g NN leli (lell) Z J b o A (law)
M b bt i st ol % (mem) 1 z Lu ¢ive)

1f, and only if, a letter must be shown to be a capital, i.e., if a capital
3 % . . « e .

has a different value in the conventional mathamatical notation 1in this partic-

ular instance from the corresponding small letter, then prefix kap to every such

capital., Use kap as sparingly as possible.

The above resume does rot include the special syllables for constants, func-
tions, e¢tc.. for reasons which should be obvious.

R ———

k
i
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On very rare occasions, the above code-syllables for the letters may have to
be used to spell words or abbreviations, or proper names. For instance, subscript

words occur in engineering formulas; occasional words, abbreviations, and names are

used in symbolic logic. The syllable ver is to precede any such spellings, and(ri
(1] as 1n

; very ree
separation mark” may follow the spelling if ambiguity needs to be guard-

ed against,. The practice of so spelling is to be avoided wherever possible~--gener-
ally a stipulation in ordinary language can be made, as in conventional notation
one will stipulate, “..,where u is the velocity as measw ed.,,” or “P will denote
effective output power in this chapter” or “...where J is the relation ‘grandparent
of I’ and K 1is the relation ‘great-grandparent of X' " and the like, Later on in
this article we shall deal with the mixture of Numaudo with ordinary languages. The
syllable ver mentioned above is taken from the Latin verbum, ‘“word” .

or another

;Name Letter Numaudo (Pron,) : Name Letter '”ﬁﬁﬁéﬁdb'v(?fbhﬂnc.i

alpha A laf (lshf) | xi A kis (keess) '

%beta B ¢ @ tet (bett) Eiomicron 0 o moik (mptk)

gamma T gam (gahm) P n pir (peer)

delta & det (dett) . n () pi (pee)

: ) del (dell) i rho Pp e ro (raw) ,
%eﬁsilon E & ¢ pes (pess) gé sigma Py st (see) i i
ézeta B L zet (zett) 3 o (¢) sig ‘el

eta  Hon he e B o

. theta © 6 ® het (hett) L oupsilon Y v v (vooh)

tota e Jut (yeet) phi 3 ¢ ¢ pif (peef)

. kappa K x x ka (kah) i chi X x hi (hee)

% lambda A lan (1ahn) Ei psi ¥ y pis (peace)

g S o g omega Q w mo g (mawg) |
L mu M mim (meem) i
' nu N v nin (neen) i

Since long practice has assigned permanent values to some of the Greek letters,
and there is little use of those particular letters, esge, I, n, for other purposes, |
and thus little risk of ambiguity, it has not been felt necessary to assign more
than one svllable to a letter, as had to be done with the Roman letters d, f, e.
However, in the case of delta, lambda, pi, and sigma, the capital form occurs often
enough with a different meaning from that of the corresponding small letter that
compelling the use of the prefix kap in those cases would have been intolerably
cumbersome. In other cases, kap may be emploved to distinguish a capital just as
has been recommended for the Roman letters., Al so, there arc extra forms of several .
of the Greek letters, but these alternative forms are seldom used for mathematical i
purposes. If they should ever have to be distinguished from the ordinary forms,
syllables can be assigned to them when the nced arises., Furthermore, prime marks
or subscripts may be employed.

e

Most users of Numaudo will not have to memorize either the complete Roman
alphabet code nor the complete Greek alrhabet code—just those few syllables needed
for their specialty, This, indeed, is one reason why the syllables assigned to
certain letters have been discussed senarately from the alphabetical lists,

Those using calculus, for cxamnle, will need to know that small delta‘s is rep-
resented by del, while capital delta 4 is renresented by det, and the special char-
acter 9, which is not a part of the Greek alphabet, is represented by der. Other i
letters of the Greek alphabet will not be of so mich importance to them, i
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plnc1dentally, three additional Ancient Greek letters, f,8,¢, not needed in
the Greck language proper, were used by the ancient Greeks as numerals. Thus these
characters are generally available wherever Greek type is available, so thev can
be recommended for expanding the conventional mathematical notation in the future.
Therefore, Numaudo syllables have been assigned to them: ( vau, 9 san, ¢ kop.
(These are adapted from the names of these letters.) (vow) (sahn)  (kawp)

The ¢prime marks are rendered as follows: * (single prime) by bo, ” (double
prime) by bu, while the rare triple prime ™ is represented by thea%%mbination

boo 3 ; v
bobu, and the still rarer quadruple prime is represented by bubu.
(bawboo) (booboo)

Examples: 4° %opjow a’ 3o a” joow a” jobobow e
o R e (yﬁxbaw)’ 3 (yahboo) 3(yahbmvim)CP ?(pzefbaw)

The requirements of Boolean Algebra are easily met with Numaudo syllables., For
the “not” forms, the prime mark bo, just explained, or the syllable pair hot...hut
(see Page 9) may be used by those who insist on the vinculum notation. If the
practice is followed of using only capital letters 4,5,C,..., then since there
are no capital/lowercase distinctions to be made, the syllable kap will not be
necessary, Should an “‘attention signal’ be needed, that what follows is Boolean,
then the syllable bul, pronounced as the name Boole, may be employed for this

purpose, ;

Inequality expressions: The sign # “not equal to” is rendered by no, The

“greater than’ sign > is expressed by faﬁlwhile the “less thar’sign < 1$ rendered
' fah) 2 .
by fo. In the event that the signs <,> occur in a text with other meanings

(faw)
than inequality, other syllables may have to be assigned to them for such auxiliary

meanings. Numaudo is not likely to be used in those circumstances, however, ‘

Approximate equality, often denoted by the signs == and =, is assigned
the syllable ti. (tee)

When the sign= denotes identity, it is renresented by sﬁﬁf which is taken

from the English word“same”and the Russian word samyi caMHi. (sahm)  powever, the i
s 2 "

svllable sam is not used for the three-line sign when it means “congruent” in

. . . . 9y ¢ o . ‘
Nimber Theory, nor is it used when it means “mutual implication” in Symbolic b

Logic. |

We are now ready to give examples of algebraic expressions:

(a + b)z, 0 )0 PO je L po 2@

a-b=c, ooy e fe j
ot i (taw yah pah yeh too paw zeh)

(yah mee yeh feh yee)

a?4-b? , (ordinarily) jopoze po jepoze ; (if there is special need to guard
(yah paw- zeh-pah -yah-paw- zeh) ‘

against ambiguity) 3j00072nu 9O jepoZeN™ . Y@ , ro o rve . vab , vo jo)e ve |8
(yah -paw- zeh-noo-pah-yah paw -zeh-noo) (rah yah reh) (rah yahyeh reh) 1"

1/a+b—’ T30 PO ;\’@ 3 if "R z\/j{—& 5 S DI (o OB AV I V0 TR R i
(rah yah pah yeh reh ) (roo loo rah lee mee law reh) i

% y 30 do Lo Sf;f;fl Lo LWL po Lo Tu 30 ze Wk (In the last example,
(sah dah law) 2k > (taw lee pah law too dah zeh kahk)

the parentheses around the quantity xty, may be omitted in

can convey the correct grouping through

pauses, intonation of the voice, cte. However, a more liberal use of ﬁarvntheses

and other signs of aggregation will be required in many applications of Numaudo, .
conventional mathematical notation. This is inevit- ﬁ
of audible communication for which Numaudo |

the to...tu, 1.e.y
speaking, provided that the speaker

than is generally needed with
able, from the time-dependent nature
is primarilv intended.
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Further examples of algebraic expressions:

2y " = ¢ : : =N L
ax - bx + cC = O N JQNMDQZM PO jelh ?Ulsx Le gm ; y = f (x) ; O K@ ﬁu AV
T A T - i
( Yy ahl e >Da w-7 e h pah yeilre p.,lh yee feh goo) (Jaw feh foo ]!3(—.‘.)
( 14 r ’]tiV' 'u'.t - el ar wrroe ar ¢ J A A $
Laiterne e, with narentheses expreszen), bwo {e {wloliiw ( since the parentheses
{law feh {footawleetoo)

B serarate +) Z ; ) 3 : .
help to separate the cther syllables, thev may be ccmbined into one “word”.)

s o A & <o 2o/ Lol W ¥ S . -
w= 2nf, w0 fe zepifef. = < vI0, v fo vasofure . x>y, MV falo.
(mawvg feh zeh-pee -fetf) (pee faw rahsahgooreh) (lee fah law )
Qrs. @9y Q3o Ggy ovs G iy @ e josusa ki josuze kL joswii kL joswoo %

( yahsoolsah kee yahisoozeh kee yahsodfee kee yahisoovaw kee

MO HASWALRASOZY kL ) asuny ™o
maw yahsoaneemedsahizoo kee yahloonee maw )

(The preceding example illustrates the Numaudo rendering of letters bearing
subscr ipts, and the use of the “end-of-subscript” syllable zu only where required
for clarity, and the rendering of commas and continuation signs.)

Numaudo renders logarithms as follows: Common logarithms to base 10 are called
for by using the syllable log, just as in ordinary notation. Corresponding to the
conventional log, or In, for the natural logarithms, there is the Numaudo lon,

£ ( lawn )
of which the derivation should be obvious. Logarithms to any other bases
can be designated with the subscripting syllable su, followed by that for the base.
Examples: log 3 =20.4771 , log fi ti gu na votetesa . log2 256 =8, logsuzezu

(lawg fee tee goo nah vawtetesah) (lawg-soo -2¢eh-zo0

zepuba fe di . (Zu used here because more numerals follow that do not belong to
zeh-poo-bah feh dee) ( z00)
the subscrint,)
In those cases where a characteristic is negative but the mantissa remains
positive, the rendering is: 3.74183 , goze-gana-tevosa~difi , using the sign
(gawzeh gahnah tehvawsah-deefee)

.

syllables po, ga, as was explained on Pages 7 & 9. The interpretation of the
(gaw  gah)
alternative notation, 8.74183-10, is straightforward: di-na—-tevosa—di fi-mi—sagu .
(  dee nah tehvawsah-deefee mee sahgoo)

It will be noted that the use of spaces and hyphens in the groups of svllables
given as Examples throughout this paper has not been uniform, This is not an over-
sight: on the contrary, it has been done to show the permissible latitude in the
written form of Numaudo. Different speakers may choose to clarify their Numaudo
utterances in different ways, according to their needs at the time. Different
machine systems will present different problems, and thus cons iderable latitude
has to be allowed the designers of such machines and systems. Much the same
situation already obtains in ordinary mathematical and logical notation practice.
Svmbols are grouped differently by Jifferent persons; the same symbols are used
with different values in different fields; the same mathematical or logical concept
often has a number of different notations.. Indeed, the existence of these many
accepted conventional alternative notations has prolonged this description of our
system by at least one-fourth,

The ¢lus—or-minus sign + , for specifying tolerances, error limits, etc. is
assigned the syllable fom, made from the initinls of glus or minus.
45.731+.002 , vopunaleivso powm nooudwzZe .

Examples: a+id, 3o pom A\je
(vawpoonahtehfeesal pawm nahgoogoozeh)

(yah pawm gee-yeh)
The wperceny sign, %, is rendered by sen, this being Iike the accented
svllable of its name in most lanyuages

Examples:  40%, vogusen . 3%%, fihasadazesen, or fi ha sa da ze sen .

0.7%, gunatesen . + 5%, pom pusen,




ORI & YU 4V DO o
i o M e ””f.m.ml ........................ Bets S e
0.7% goo-nah-teh-sen; + 5%, pawm Poﬂisgn?; PRECEDING PAGE: 40%, vaw-goo-sen; 3%, fee-ha-sah-dah-zeh—sen ;

.Fbeole§s-used per mille sign (or, “parts per thousand”,* instances per thou-
sand™, 7.,1ls represented by'do(; abbreviated from dofi (see Page 7).

2 . (dawf) Cdast
X ' . wiee % e
The designation “ppm” or the equivalent expressions “parts per million”,

@ > = y 8 . .
instances _(ocgurrancus) per million population” and the like, may be rendered by
dob, which is an abbreviation from doba. This will be convenient for statisticians,

(daw sty S 3 W gy
analytical chemists, and others whoahébltually use such expressions.

Since Numaudo has obvious applications in financial work, for instance in data-
processing for busdness and government purposes, accounting, commercial arithmetic,
banking, etc., monetary units must be provided for.

For the present, the simplest expedient would seem to be: The principal mon-
etary unit of one'’s country (franc, dollar, pound, lira, peso, etc.) will be repre-
sented bv the svllable mon, while the next unit in order of importance (centime,
cent, shilling, centesimo, Gentavo, etc.) will be represented by the svllable mun,
So long as financial data concern one countrv only, these syllables will suf fiédwoon)
Should the data have to be transmitted from one country to another, each occurrence
of mon or mun will have to be preceded by the name of the country in some ordinary
language. Later on, it may be possible to obtain international agreement for new
svllables to be added to Numaudo, so that all monetary units of all countries can
have syllables unambiguously their own. In the special case of sterling currency,
pen can be used for pence. (#on and mun are derived from Latin words, as they
appear in such English forms as monetary, remuneration, etc.)

The Latin preposition per is taken into Numaudo without change, for use
primarilv in its commercial meaning. Also, the term NET.

Time of day is expressed by the international 24-hour four-digit system, using
the Numaudo equivalents for figures 0000 through 2359, viz. gugugugu to zefipuko,

: : ; al )
preceded by the syllable BaLS | iiding xa TR ward “at 'l

Intentionally, no svllables are provided for a.m. or p.m. A group of six digits
rather than four digits implies time in hours, minutes, and seconds.

Dates are expressed by first using the syllable dat, then giving the day, the
separation mark ri, the month (1 for January, 2 for February, etc.), the separation
mark ri again, and the vear, always in that order. The day-month-year order is
standard practice in most countries, the USA being a conspicuous exception. The
separation marks i can be dispensed with, if the month-number be expressed with
the secondary numerals, to be explained. If the day of the week is also to be
given, this, too, can be expressed with the secondary numerals, and precede the
day-of-the-month number.

Syllables for mentioning hours, minutes, days, etc. separately, will be
given under Units later on in this paper.

The Secondary Numerals. Sometimes, as in the case of dates just mentioned,
and in giving pagé numbers, paragraph numbers, or in rendering numerals in bold-
face or italic tvpe, or in parentheses, or Roman numerals, etc.,, it is convenient
to have an auxiliary set of numerals. Numaudo provides for this by duplicating

the consonants in each of the basic digit svllables given on Page 6. Accordingly,
the secondary numerals will be:

1 2 3 4 % 6 i 8 9 0

-
sas amez [fif wov pup bab tet did kok gu€
(sahs zezz feef vawv poop bahb tet deed kawk goohg )
The providing of this extra set of numerals is not intended to hinder anvone

from using Numaudo equivalents of 3' , (7) , and the like.. Or the convention
may be adopted of calling the large-sized numerals, used in headings or to mark
divisions in a long writing, “capitals”—whereupon the meaning of the kap prefix for
letters can he extended to numerals and other signs when they are to be taken as
written or printed in larger size than standard. This will facilitate the number-
ing of equations and formulas.

]
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Examples of time-of-day:

ZOOOQ‘Sﬁ?fﬁngFuguf 1245, sai-sazevopu; 0830, sai-gudifigu .
s1gh-zeh-00-goo-goo) (s1gh-sah-zeh -vaw-poo) (sigh-goo-dee-fee-goo)
Examples of dates:

8 February 1960, dat di ri ze ri sakobaou.

(daht dee ree zel ree sah-kaw-bah- goo)
24 December 1962, dat zevo ri saze ri sakobase .

(daht zehvaw ree sahzeh ree sahlhawbahzeh)
31 March 1981, dat fisa ri fi ri sakodisa .

(dalit feesah ree fee ree sahkawdeesah)
Examples of dates, using the secondary numerals:

8 February 196C, dat di zez sakobagu.
(daht dee 2ezz sah-kaw-bali-goo)
22 July 1958, dat zesze tet sakopudi ,

(dalit zehzeh tet sahkawpoodee)
Friday, 12 October 1492, dat bab saze sasgug sauokoze.
(deht bahb sahzeh sahss-goog sah-vaw-kaw-zeh)

(Note that in these last date examples primarv and secondarv numerals are alter-
nated. Naturallv, time of dav wonld be given before dayv of the week, so the former
would still be expressed in primary numerals if time of dav were given as well as
the full date. Obviouslv, there are many other circumstances besides dates where
this alternation of the two series of numerals would be convenient, especially
since it would do away with separation marks,)

Possible uses for secondary numerals and primed, “*marked”, or “capitalized”
numerals are: (1) Parenthesis-enclosed rumerals, as in this paragraph; (2) An
alternative method of distinguishing major and miner monetary units, as dollars
from cents, shillines from pounds and pence, etc. ; (3) Another alternative of
distinguishing amounts of monev from other numerals nat signifying money; (4)
decimals from whole numbers:; (5) numbers in non-decimal notation, such as binary,
octonarv, duodecimal, ete., from decimal numbers ; (6) Numbers to which a machine
is to pav attention, from other numbers it is to jgnore; (7) Numbers a machine is
to print out from those it is not to print out; (8) Numbers a machine is to add
(multiplv, or otherwise calculate with) from those it is merely to store; (10)
Totals, sub-totals, etc, that are often printed in red ink or otherwise marked.

Quite likely, some machines will he so bnilt that they will make no distinct-
ion between primary and secondary numerals. Providing secondary numerals and many
other special svllables Joes not mean that every Lind of machine built to accept
Numaudo input has to accept a wide variety of Numaudo svllables-—-indeed, most
such machines will not accept much more than the ten divit-svilables and a few
instriuction svllables, Much of the system is designed primarily for use in speaking,
e.g.,y the letfer-codes for algebrra and calculus, and the opcrati9n symbo]§ and .
signs of aggregation. Inventors of future machines mayv alter this sifuation radi-

cally, however,.

ES OF NOTATION OTHER THi¥ DECINAL

Ll

SC4

Electronic computers have hrought the binary notation into prominence, where
as recently as two decades ago it was but a mathematical curiosity. Thus it is
imperative that Numando provide for binary notation,

The svllable Fi shall precede every series of binary numbers, unless some
other provigion for’®binarv indicator has been made. The effect of Fi1 will be
cancel led by any of the syllables signalling other scales of notation, which svl-
lables will be ¢iven below. As several alterrative binarv notations will be de-
scribed here, and as still others may be invented later, other inldicators may be

nceded also. Rin is an obvious cloice for the second such indicator.
bean)
If one wishes to imitate the conventional notation slavishly, one may use sa

for 1 and gu for 0, as with decimal notation. Published descriptions of binarv
arithmetic by various authors have amply Jdemonstrated the confusion that can
result bv unrestricted applicntion of this practice.
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As ?Jternatlvef to sa and gu, then, the svllables hen for binary “one” and
EOr for binary “zero” are suggested. (Hen is from Greek &v; zor is of course abbre-
viated from the intsrnational word zero,)
~z 0 1 it oe 3 39 . a »
Exempies of ‘““straight binary” : 10, »i sage or bi hen zor or simp]y(%enzOr if

i - (bce saligoo) (bee hen aerr) enzerr)
the use of these special svllables makes it ciear enough in the particular in-

stance that binary is intended. 111, Di sasaga or henhenhen. 1101.01 ,
(Dee sahsahsah) (henhenhen)

bi sasagusa ma gusa Or henhenzorhen no zyrhen i i
(e sahsaggoosah i el Gt e W . (Na can be the binary point as well

as the decimal point without confusioi.)

Since long strings of one’s and zero’s can be monotonous, and thus confusing,
various expedients have been suggested and used to make it easier to deal with i
binary notation. One method is to provide names for some of the powers of two. |
Then, wherever a 1 appears, the binary name for its place can be called off, while
the 0's remain unexoressed. Thic might cause some confusion in naming binary frac-
tions. Nevertheiecs, it would be sufficiently useful in describing holes punched il
in paper tape, computer ccding, etc., that a Numaudo adaptation is given here:

1, b “se; 10 °0i Z¢; 100, (decimal 4), bi vo; 1000 (decimal 8), bi di; |
10,000 (decimal 1630 sei- 109,000 (decimal 32), bi baw; 1,000,900 (decimal 64),bibou. ‘

( bee say) (bee bou--bou as in “‘bounce”) {bee bo ) |

Higher powers of twu than the sixth (decimal 64) would be expressed by repeat- {|
ing these names, and using a separation mark to block off the long binary numbers 4
into groups of two, three, four, five, or six, as desired. The syllable sei is ‘n
adapted from the French word for sixteen; the svllables bau and bou are adapted M
from the name of Baudot, who developed the five-unit binary code named for him. i
Accordine to the names just given, then, binary 11, 111 (decimal 2i) would be called i
bi seidivozesa; 100,0¢1 (decimal 33) would be called bi seisa; while binary 1010 |
(bee say-dee-vaw-zeh-sah) (bee say-sab) M
(decimal 10) would be cal]ed(gi iiz ) In any of the above cases, bi would not |
have to be repeated, so long s tHe%series of numbers, however long, continued to i

be expressed in binary. IMPORTANT: SEE PAGE 51,par.4

Another method of simplifying binary representation—one which has been used ‘Q
in certain computers and elsewhere as well —-consists in rendering binary numbers J
according to another base which is a power of two. The process of doing so, or of
reconverting to binary, is almost automatic, since it involves little more than
blocking the binary digits off into groups, and giving each such group a name. It e
simpler than binary-to-decimal conversion. Quaternary (base four) i,
Too large a base, as 32 or more, would i
Thus only bases 8 and 16 need

is thus much
number ing would not ef fect much saving,
demand the invention of too many additional digits.
be considered.

The syilabie vos will signify that the following digit-syllables are to be !

taken as octonary(vg%?al), i,e., base 8. Thus octonary 77 (decimal 63) will i

be rendered vos tete; octonary 24 (decimal 20), vos zevo; octonary 17 (binary 1111, {
(vawss tehteh) (vawss zehvaw) ,[

decimal 15), vos sate. As already suggested, the secondary numerals could be used |
E

i

ahteh . : .
wherever thé§wﬁguiht%é an aid in keeping octonary numbers from being confused with 1

decimal. (Vos is from the Russian word for eight, BOCEMb wvosem. )

For the sexadecimal system (base 16), six new digits are required. Various
expedients have been adopted for adding these to the conventional notation., One
of these, the use of the Jetters u,v,W,X,Y,Z, can be adapted to Numaudo as foll-
ows: digits zero through nine are expressed by gu...ko as for decimal notation;
the digit for ten is made up by compounding an international root dek with the
syllable for U to give duk; the syllahles for V,W,X,Y, and Z (which, along with i

doohk) 12) are modified by suffixing an r to give: eleven,lar;

that for U, are given on Page ‘
twelve, Le;, thirteen, lir; fourteenﬁlor; and ﬁfteen,%ur.) Thus the five vowels (1ahrr) ﬁw
Jairr ( leerr) i

are rade to run in the same sequence as for sa,

(lawrr) (loorr .
ze, etc., simplifying memorizing.

R
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To indicate that the numbers to follow are expressed in  sexadecimal notation,
the §vllab]e sez has been assigned as indicator. (Like sei, mentioned previously,
sez is derived from the French word seize, sixteen. Sez renders the pronunciatibn
quite well.) The sexadecimal svstem (the term hexadecimal, sometimes seen, is an
etymologically improper Greek-Latin mixture) acquires added importance from being
the basis for binary-coded decimal representation schemes, of which more in a mom-

ent,
Examples of scale-of-16: 47 (decimal 79)sez volur.

12 (decimal 18), sez saze.
(sez vawloorr)

(sez sah-zeh)
0.1 (decimal 0.0625), sez gu na sa.

(sez goo nah sah)

UX (decimal 173), sez duklir.

(sez doohk-leerr)

The following is offered as a possible abbreviated scheme of syllables for
scale-of -eight, scale-of-sixteen, and binary-coded decimal: For the binary 1 in
this sub-system of Numaudo, the three letters l,a, i, in that order, are used to
form numeral -syllables. (Mnemonic: L and i look like the figure 1; a is the first
letter of the alphabet.) For the binary 0 in this sub-system, the letters m, e, u
in that order are used in forming the numeral-syllables. Accordingly, octal num-
erals will consist of three letters forming one syllable of the consonant-diphthong
type, as follows:

DECIMAL: O 1 2 S 4 5 6 7 8 9
OCTAL: meuw meit mau  mai leu let lau lai meimeu meimei ...
BINARY: 000 001 010 011 100 101 110 111 001000 001001 ...
Pron.: (mé-oco may mou my 18 do lay lou lie may-mé-00  maymay

[e in en [as in mouse ][e in ead] [as in loud]

(NOTE: Unfortunately it is extremely difficult to describe the pronunciation of eu
in ordinary English spelling. However, anvone can say it easily, once having
heard it. The sound of & in let is quickly followed by that of u in rule, all in

one syllable.)

For binary-coded decimal, or plain sexadecimal, another | or m is appended to
make a four-letter consonant-diphthong-consonant syllable, thus:

DECIMAL: 0 1 2 3 4 5 6 7 8

BCD OR 16: meum meul meim meil maum maul maim mail Leum

BINARY: 0000 0001 0010 0011 0100 0101 0110 0111 1000

Pronunc.: (mé-oom mé -ool maim mail moum moul mime mile 1é - oom

[like “mound"] [ditto]

D9 10 11 12 13 14 15 16 17 o
b leul leim leil Laum laul Latm lail meum—meul  meum-meim ...

B: 1001 1010 1011 1100 1101 1110 1111 0001 0000 0001 0000 ...

P: 100l lame layl 1oum loul lime lisle me - oom-mé - ool mé . oom-maim

[ like “loud”][ ditto]

The foregoing is called a sub-system of Numaudo because it is a suggestion,
not an essential part of the system. It has the advantage of presenting 4 series
of digits with distinctive sounds, that reveal their binary composition. Use of
the thr ee~letter series for octal does mot oblige one to use the four-letter serties.
The thrce-letter forms may be extended by prefixing hen or zor, and so may the
four-letter forms, to expr ess ‘check-bits' or five-unit codes.

decimal representations may be adapted from any of the binary

Binary-coded .
There are many possible such

and power-of-two-scale notations just discussed : : suc
systems, and the best-kpown are the “straight” or 8-4-2-1, for which the indicator

syllable is deb for DEcimal Binary, and the “excess-three”, for which the indicator

is teb for Three-Excess-Dinary. Binary-coded decimal schemes have in common that
our-place binary or sexadecimal num-

and prevent them from occurring.

they choose ten out of the sixteen possible f
bers, and arrange to skip over the other six
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?;her %ndtﬁatgriifor other binary-coded-decimal systems can be devised as needed by
} ose ;nd e i d, as th?y h?ve need for them. It is not necessary to give examples
rere of decimal numbers in binary code, because the systems described on the two

preceélng pages can be applied readilv enough to the binary-decimal coding schemes
described in contemporary computer literature.

However, binary-coded decimal had to be mentioned here because this seemingly
strange mode of representing numbers offers important advantages in the design and
manufacture of electronic digital equipment. It stems from the naturally binary,

either-on-or-of f nature of electric switches, relays, and the electronic circuits
which do switching.

Furthermote, the presence of holes or absence of holes in punched cards and
tape also constitute a form of binary representation, This explains the amount of
space devoted here to binary, and why several alternative systems have been set
forth, Still other alternatives may well be made in the future, vet keeping within
the bounds of the Numaudo system.

On rare occasions, base 3, or ternary, notation is used, The indicator ter
is suggested. For base 4, or gquaternary, the syllable fir, from German vier, may
be employed. Bases 5, 6, 7, and 9 are too seldom used to need indicators—if ever
needed, they can be called for in words of ordinary language.

Base twelve, or duodecimal, however, does have certain applications. For this,
two additional digits are required, for which have been assigned the svllable dek
for the value tem, and the syllable lef for the value eleven. The indicator is(gggi)

from douze, French for twelve. Twelve_-hole punched cards and month-indication may
require the use of doz (from dozen) for the value twelve, since there is then a ten,
but no zero.

The syllable dek (from Greek &éxa) may also be used where a single sy]lable.
with the value of ten is needed in ordinary decimal arithmetic. However, a dif-
ferent syllable, des, from “decimal”, is needed as the decimal-system indicator or

( dess ) ey
decimal restorer, used after non-decimal numbers to cancel the effect of bi, binm,

V08, 2868y StCh

ANGULAR MEASUREMENT

Degrees of arc are indicated by the syllable deg immediately after the numeral i
syllables., Minutes of arc are followed by boi, while seconds of arc are followed

3 oy) g = ot
b%bbuz. hese two syllables are made from tge prime and double-prime syllables
0oey
(20’ bu, mentioned on Page 14. Note that degrees of temperature have other syllables,
and %ﬁgt minutes and seconds of time also have other syllables than those used for
angular measurement.
Examples of angular measurement: on0°, zetegudeg. 10° 40°, sagudeg voguboi
(zeh-teh-goo-deg) (sahgoo-deg vawgooboy
5° 37 48", pukodeg fiteboi vodibui. 69.8°, bakonadideg. 5
(poo-kaw-deg fee-teh-boy vaw-dee-booey) (bah-kaw-nah-dee-deg)

Radians are expressed by following the numbers with the syllable(:%$.)
a

In many European countries the centesimal angular measurement is ueed, and

thus Numaudo must provide for it, In this system, a circle is divided into 400
equal parts instead of 3560, and these parts are called grades. The syllable gar
has been au.signed for grades, and is used just as is deg above. However, the syl-
lables given above for sexagesimal minutes and seconds are not to be used for what

aresome cimes called centesimai minutes and seconds. Instead, the decimal-point sylla-
ble na will be used after gar , then the separation mark ha may be used between
the centesimal minute and second numerals, if felt desirable.

Example; 42€ 357167, wozegar na fipu ha saba .
(vawzehgarr nah feepoo hah sahbah)
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The common trigonometric functions are called for in Numaudo as follows:

sin, sin cos, kos tan tan t
{seen) (kawss) : (tahn) — (’:c:wtt)
sec kan cosec, CsC ken
Yo Ot ! %)

The hyperbolic functions are designated by adding the syllable hip after the
regular function-syllable; thus for sinh one will use sin hip , etc,“mep)

(seen heep )
For the time being, the less-used functions not given in this paper may be
spelt out, using the method outlined at top of Page 13. The word arc and its equi-
valents may be rendered by the (necessarily transposed) syllable kar.

Obviously, geometry proper lies outside the scope of a primarily spoken system
such as Numaudo, but whenever, as in analytical geometry, the conventional notation
has a symbolic representation that can be written on one line at a time and can be
rendered intelligibly by naming the symbols in succession, as Numaudo does, this
system will be applicable,

Vectors, such as those used in electrical engineering, sometimes are expressed
by giving the magnitude and then a symbo}l, and then the angle in the usual angular
measurement. For this symbol that is associated with the angular measurement, Num-
audo uses the syllable nag, metathesized from angle. It precedes the angular meas-
urement, and follows the magnitude.

Baldface type is often used in vector representation, as well as for other
purposes. To denote that boldface type has been or would have been emploved in
conventional notation, the svllable fet is prefixed to each syvllable that is to
stand for a boldface character. This syllable is derived from the German word fett,
used to describe bold-(fat-)face type. Fet, like kap (with which it may be
combined, in the order fetkap), affects only one following syllable, no more,

Superior dots are represented by modifications of the prime syllables bo, by,

thus: one superior dot °, as in %, by bot, so that x would be(%i23t3 Two superior
bawt : . (Jeebawt B
dots “, as in X, by but, so that X wouigwbe lidut. As explaine {n connection
(boots {leeboot)

with the prime syllables, the dot syllables may be combined to represent three or
more superior dots.

THEORY OF NUMBERS ‘
The sign == when, and only when, it means ‘“congruent’ in the Theory of Num-
bers, is represented by kon. The abbreviation “mod” for “modulo” is taken over
(kawn)
unchanged. Thus 223=29 mod 7 becomes zeze kon zeko mod te.
(zehzeh kawn zehkaw mawd teh)
Factorials have two conventional symbols, n! and [n . Both of these symbols
have just one representation in Numaudo, viz. fak. This syllable follows the num- B

ber, ( fahk)

;; (greater than or eoual to), fai. (fie)

& (less than or equal to), foi (foy)
oo (infinite, irfinitv, too great to measure) , ntf (neef)

oc {varies as, or any other meaning of this sign) mut (moot)

X ( Hebrew letter aleph) hal (hahl)
( period, dot, qud punctuation mark, “full stop”—does not mean decimal
point, multiplication sien, or conjunction in symbolic logic) , zo (zaw)

~5 f(ar any other sign standing for “difference” ) dif  (deef)

e |
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—> (tends to, approaches; not chemical meaning), til (teel) (after English till

v (inverted capital delta) led (del backwards) ey s v pe e

) 2 ;

(colon when expressing a ratio, and only then when it is necessary to make
a d1st1n?t10n between a ratio and a fraction; not the colon as 2
punctuation mark) dau (dow as in “dower’)

s (i A §hould ever be necessary to employ the obsolescent proportion sign,
simply use dau twice, daudau.)

‘Zl (when two vertical lines are used to enclose an expression, as just shown,
with any of the usual mathematical meanings, they are treated in Num-
audo as a kind of parentheses, and the left-hand one is represented by

tos and the right-hand one by tus, so that the illustrative example
(tawss) (toose)
would be toslutus or tos lu tus .)

( tawss-1oo-toose)

1lim (fim)(taken over unchanged, so that the expression
eem
lim
y —> o0
would, by the “pseudo-subscript” convention alluded to on Page 8, be

represented as lim su lo til nif au, the zu being used or not, accord-
(leem soo law teel neef zoo)

ing to the danger of ambiguity in the particular instance.)

(because, since) Eer (kairr) (after French car )

. (hence, therefore) tak (tahk) (after Latin itaque and Slavic itak)

Q.E.D. (Quod Erat Demons trandum, “which was to be shown) ked

___PUNCTUATION
Avreody Guoent Teriod . 20. Comma 3 K. BLonk Foce ri.
(zaw) (kee) ( ree)
Colon : kol Semicolon ; koil Question mark ? kes (French Qu’ est-ce?)
(kawl) (koil) (kess)

Exclamation Point ! hei (used after exclamations, commands, unusual items, in

(hey!,)
connection with signals to start or stop a machine, and as an equivalent

of the Latin abbreviation N.B., and for other purposes.. Not used for logic
and not used for factorials [see fak ]. Derived from the international

interjection hey.)

Dash pau (Latin pausa, pause. Besides ordinary punctuation uses, may be
(pow as in “power’
used as the line separating a 1ist of figures to be added, from their

total or sub-total.)
Quotation Marks:

Beginning ‘ or« va Closing or » =za
(vah) (zah)

”

Inner or secondary quotation marks, such as:
Beginning ‘ or other, vai * or other, =zai
(vie) (vi in “yiolet” ) (zie) (si in “desire’ )
Logical uses of quotation marks, such as naming or mentioning an expression
without using it in the ordinary sense, are included within the scope of
these four quotation-wark codes. French punctuation practice is to be
followed wherever prncticable, in the use of quotation marks. If more
kinds of such marks are needed, add the “prime syllables”, wvabo, etc..
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i Be?ause quotation-mark usage differs from country to country, some explanation
is required here: The pair va-za is intended to be used as the outer, or first pair,
regardless Of ?he Practice in one's country (that is, in the U.S.A., double marks
above tbe writing-line are used; in England, single marks above the line; in France
and Spain, double marks on the line; etc.) The pair vai-zai is intended for the
second or inner pair, also regardless of one’s country;s printing practice.

FAGEE 2 | 9ne°w1shes to follow Spanish practice and use a question mark at the
beginning of an expression as well as at its end. the svilable kg3 may, be
) B ans

employed for this purpose.. K%s—ﬁes\thus becomes an erclnsing pair, like
ahss kess)

. 5 (k
p?rentheses. This will be of especial advantage when cne wishes to sig-
nify that the enciosed data are doubtful, or to ask for a repeat.

- Hyphen, hifzh Tbis is not used for a dash, nor for a minus sign, nor for
a subtraction Sﬁ%rator, but rather in a wider, more general interpretation
of the compounding or linking function of the hyphen in ordinary languages.
The hyphen syllable hif may be used to block off groups of numerals into

eel,

threes, fours, etc., and may be used between a numerical coefficient and
the foliowing istter-syllabie; hif is recommended between ordinary-language
words and Numaudo syllables when such a combination forms a legical unit.

( ) When parentheses are to be taken in the ordinary-language sense (so-called
parenthetical matter, non-essential additional words, change of tone of
voice, etc.) and such parentheses do nct imply aggregation, operands, or
expressions governed by a function, the pair of modified syllables tol

for “("” and(iyl)for “3"” will be used instead of to, tu. (tall)
00
* Star, asterisk. The syllable tel is assigned, (from Latin stella.)
s - Dagger, obelisk. Arbitrarily considered as “star-prime” telbo.

1 Double dagger. Arbitrarily considered as *“*star-double-prime” telbu.
$ Section mark. Son. (sawn)

'ﬁ Paragraph sign. Par.
The two preceding signs may be found useful to indicate divisions in lists,
tables, etc.
: Apostrophe. Breath-mark. Pof. While the apostrophe proper will be :
extremely rare in the kind of contexts wherein Numaudo might be used, there
will be occasional need, especially in instruction manuals, fto indicate
the best place to break an utterance into breath-groups, and the meaning @

of the apostrophe in musical notation suggests this use of the sign e

The division between signs and punctuation markswill have to be somewhat arb-

itrarily made in this paper. Especially in symbolic logic, some of the signs could
well be called punctuation marks, but will be treated under the Symbolic Logic

heading nevertheless.
. B

PUNCTUATION: EXPRESSED AND I#PLIED, SPOKEN AND WRIITEN

The provision of spoken equivalents for ordinary punctuation marks in
Numaudo, as just summarized above, does not conflict with the remarks made near the
bottoms of Pages 4, 14, and 15, regarding use of ordinary, silent punctuation signs
with written Numaudo. Circumstances will differ widely, and thus need for written
and or spoken indication of punctuation will differ also. Sometimes Numaudo will
be spoken slowly, sometimes (especially when machines utter it) rapidly. When
Numaudo is mixed with ordinary language (which will be a very frequent occurrence)

addi tional punctuation will be needed—- spoken, written, e both. g
To set down detailed prescriptive rules for punctuation, at this early stage

of the system, might needlessly and severely hamper a fruitful growth of Numaudo in
the future. Therefore only recommendations will be made.
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Work done by phoneticians ahd experts in the field of structural linguistics,
particularly i? the last two detades, has established not only the overall prin-
ciples underlying the phonetic and phonemic structure of lang;ages in general (see
Page 3), but has further establisied the great importance of stress (relative loud-
ness of successive syllables) and intonation (rise and fall of voice-pitch) in the
patterning of speech, in any language. That is to say, stress and intonation have
semantic importance: they help to make one’s meaning clear, even in those languages,
such as English, which are popularly not supposed to be *tone-languages”. And, in a
rough sense, stress and intonation in spoken language correspond to such devices of
written language as punctuation, white space, size of type, italic and boldface
letters, capitalization, and style of handwriting. However, this correspondence
is far from exact, and varies from language to language, and even from person to
person and from situation to situation,

As recently as 1930, onc might have feared that mechanical apparatus for pro-
ducing speech would only be capable of doing so in an unvarying monotone. The
eerie, “inhuman’ effect of such speech—even though merely imagined—may well have
deterred many persons from developing or planning to use such equipment. However,
the development since that time of devices which can utter speech with normal-
sounding stress and intonation has completely removed this objection.

Indeed, monotony would be far more objectionable in Numaudo than it would in
ordinary languages. The mathematical and logical notations, for which Numaudo pro-
vides a spoken code, are of very low redundancy, i.e., they hardly ever repeat any
item of information they once have stated. Thus if one symbol is lost from a math-
ematical context, it will be next to impossible to resupply it without asking that
the message be repeated, Yet in an average language, such as English, almost 40 %
of a message may be illegible or garbled or inaudible, yet the meaning can be in-
ferred fairly safely from what remains.

Monotonous delivery breeds inattention, and mistakes in Numaudo could be ver

serious. This explains our recommendation on Page 7 that pauses and inflections o
the voice be used to make the meaning clear. It is recommended that where digits

or symbols are grouped, as sazeko-fidipu or jalilo, that a stress-pattern be used
such as sdzeko fidipu or sazekdfidipd, and also that where there are different kinds
of symbols, such as syllables standing for letters, those standing for numerals, and
those representing operators, that these different kinds of symbols be distin«
guished by appropriate variation of voice-pitch. If the utterance is entirely, or
almost entirely, in Numaudo, the patterns of one's own language can be followed;

but in the case of mixed ordinary language and Numaudo, it is recommended that the
Numaudo portions be spoken in a deliberately unusual stress-and-intonation pattern..
While everything was done that could be done in the compilation of the Numaudo syl-
bles to iavoid ambiguities resulting from collision of Numaudo syllables with com-
mon words in various languages that might be mistaken for them, some degree of am-
biguity is inevitable. As will be evident to anyone who has read thus far, even

the conventional mathematical notation contains glaring ambiguities. As Numaudo is
used by more and more persons in more and more different kinds of si}uati?ns, means
for overcoming ambiguities will be evolved, and can be incorporated into instruction

manual s,

The problems resulting from the low redundancy of mathematical symbolizing
have already been encountered in the electronic-computer field, w?ere often in the
storage and computing facilities of the machines themselves, deliberate redundancy

has been introduced to aid in spotting errors. Sometimes an entire‘problem will be
actually be duplicated. Even 1in hand compu-

done over > F ; t will
or certain equipment Wi
; : s such as “casting out 9's” or mul-

tation there have always been checking systems,
tiplying back to check a division problem,

Thus attention must be given to methods . .
since a spoken code will usually have to contend with a noisy environmenﬁ :r chin;
nel, Attention is called to the restriction ?f types of sy.llabl}e}s,t :2 tha ::g;{an1
types of syllalles cannot possibly occur within the system, so that, ey

appear to occur, there must be an error somewhere.

of introducing redundancy into Numaudo,
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Becau?e of the importance of the digit-syllables, a certain measure of redun-

dancy Wa§ 1ncorpor§ted into them. Even if the consonants are not clearly heard,
tbe use in succession of five different vowels reduces ambiguity. The series begins
with sa for 1, rather than 0, for mnemonic reasons: 4 being the first letter of the
alphabet and the first vowel, E beinz the second vowel, and so on. The secondary
numerals provide a still further insurance against ambiguity. With regard to
other syllables of the system, workers in various fields can assist in further de-
velopment of counter-ambiguity measures.

i The question-mark syllables may be used in asking for repeats, if desired. In
giving repeats, whether requested or not, the repetition is preceded by rep and,if

necessary to avoid ambiguity, is followed by ret. The syllable ror may be used to
. » t
indicate thal one has made an error. This ééi;gsponds to a seéfggréf dots in

telegraph code..

Referring again to the topic of punctuation, spoken Numaudo does not have to
follow the punctuation associated with conventional mathematical or logical nota-
tion, though it may; and, in turn, written Numaudo does not have to follow the
punctuation of either.

It is recommended that the punctuation mark immediately preceding and intro-
ducing a conventional mathematical expression, such as a colon, be expressed by the
appropriate Numaudo syllatie, This will provide a more comfortable transition from
ordinary language to Numaudo, and also avoid overuse of the signal syllable num,

which has the meaning, “What follows is in Numaudo”. (noon)

It is recommended that ki and zo, the comma and period equivalents, be inserted
after mathematical expressions when reading them aloud in Numaudo, whenever this
would help the listener to know that more was to follow or the portion of utterance
corresponding to a phrase or a sentence of ordinary language was finished.

If spoken Numaudo is dictated, full punctuation should be spoken.

If Numaudo is to be sent in telegraph code or punched into cards or is to be
sent by teletypewriter—or is in any other way to be re-encoded, full syllable-
style punctuation should be spoken or written.

In conversation, punctuation may be held to a minimum. In informal correspond-
ence using Numaudo, syllable punctuation may be omitted and white space may take the
place of much written silent punctuation.

Over the telephone, punctuation, pauses, and repetitions are recommended.,

Consonants must always be pronounced clearly, and when certain consonants are
difficult for persons of certain nationalities, substitutes will be allowed accord-
ing to a table for each mother-tongue where such difficulties obtain.

In the case of English, British and certain other speakers of English who do
not sound the r's after vowels in such syllables as for, lar, mer, etc. should make
a special effort to sound all r's in Numaudo. General American speakers who use a "
vowel-1like r—sound should try to use a tongue-trilled r in all Numaudo syllables,

if they possibly can.

The precision of Numaudo pronunciation requirements will be governed almost
entirely by the tolerances that can be built into future listening machines, The
wider that the design engineers can make such phonetic/phonemic tolerances, the

more latitude can be allowed speakers of Numaudo..

To preclude false operation of listening machi?es, spe?ial signal-syllables
will be provided. Naturally, only a few of these‘w1ll be given ﬁere. Just as
certain equipment is locked to prevent jts operation by unauthor%zeddpersons, o;
its accidental turn-on, much Numaudo-usinq.appzf?;?ieztii :icziZigzetotzpzzzg?n

1 - .les. or to function drlle : !
2géist:p252§lgg ?i? ;%iZ?Ziiraction to 21 phonemes, within which this paper will

set out the system, does not apply to such key syllables.
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Watever ney be chosen for the key syllables, they will have to be so chosen
that by no conceivable chapce will a similar sequence of syllables occur in the
ordinary lang9age spoken in the vicinity of the machine., Even with such a restric-
tion, the possible number of two- or three-syllable combinations is enormous.

For general use where a private “key” is not required, jui may be used as an

attention signal before each Numaudo utterance to be acted upégmgg a machine. (It
should be possible to utter Numaudo syllables in the presence of a machine that is
turned on, without actuating it. Yet in such cases it still is desirable to notify
any persons present, by means of the attention svllable num, that a series of Num-
audolsyllables will be uttered, and then utter them, but not actually start the
machine until jui has been said.) In cases where no machine is involved, jui, or
some variation of it,may be a very convenient abbreviation of a request to start
calculating, or of “Only the following syllables, not the preceding, are part of
the probiem”.

Corresponding to num as a beginning signal, the end of a Numaudo utterance and
notification that what follows is not Numaudo may be made by fin, taken from the

Spanish, French, ard Latin words for “end”. Corresponding to(jzg?)the signal to
a machine to stop paying attention to what is being said (that is, until the
next jui or the next private key syllables) is tas (tahss). That is, it has to be
possible to deactivate a listening machine without having to go and turn it off,
and thus be able to keep on speaking Numaudo without causing false machine respon-
ses.

The foregoing is not intended to limit the use of any other unassigned syll-
glsles for such purposes.

Receipt of a Numaudo utterance (or transmission) is acknowledged by res.
Where a listening machine is not equipped to transmit or utter Numaudo, (ress)
or where it is not feasiblc to provide such facilities, tores on the order of the
dial telephone signals may be used to asknowledge receipt, to show that it is ready
to receive,; to show that it failed to receive, to show that §t is not available,
and so on. After teiephone engineers have devised suitable signals, and reasonable
international agreement on their meanings snd uses has been secured, they can be

given Numaudo ‘‘names”.

The English words yes and no are caken over into Numaudo with thelr usual
meanings and pronunciatiens, but of course are spelt jes and neu, respectively. F
(The English “long o’ diphthong in nou distinguishes it from the syllable no (naw),
which means “not equal to’.)

CHEWICAL CODE

It might be desirable to extend Numaudo to the expression of ch?mical fqrmulas
and equations, at least, so far as this is feasible. In favor of this step it may
be pointed out that mathematical computations are freauently involved in chemical
work, so that a common terminology would be expedient, Furthermore..conventlonal
chemical notation is in much the same state as conventional matbematlcal notation:
both have international written forms, but not international uniform spoken codes.

The following is put forth as a tentative proposal:

PR g is to be preceded by the syllable kem.

ndered according to the names of the
tal letters must always be preceded

All chemical codin

The usual symbols for the elements are rend
Latin letters, as given on Page 12, and all cap1

by kap, since ambiguity would otherwise result.
Parentheses and brackets are used in the customary manner, with the syllables

to, tu, ho, hu, already given.
Subscripts are called for as usual by the syllable su, but zu will hardly ever

be needed,

RS T 000
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Qoumxg$,(bda,<xmxﬁx\ The single arrow —> for ar irreversible reaction is rendered
by f['l ( fay)'

The double ar row for a reversitle reaction — is rendered by fek.

Hydrates and similar addition compounds are expressed with kai, the *‘and” syll-
able (see Symbolic Logic section below), ()i 7o Skite™)

Ions, as Ca'', are expressed with the exponent svllable po followed by the
proper number of plus signs ga (N.B. not #a), or minus signs go (not mi); or by a
digit syllable and the sign syllable where the number of signs would be inconvenient.

The operator plus sign pa is used between the items taking part in a reaction,
in the conventional manner,

Atomic-weight superscripts for isotopes are treated as if they were exponents.

Atomic-number prefixed subscripts are treated as subscripts, but subo is used,
i.e., “subscript-primed”.
The effect of the syllable kem is cancelled by the syllable mat. It may be
(kem) {maht)
necessary in certain instances to go into and out of this chemical sub-system to
make one'’s meaning clearer.

No attempt is made to render structural formulas, or to provide a complete
chemical code, as this would be better done outside the limits of Numaudo. Iowever,
this sib-system may well serve as a preliminary to a *Chemaudo” of the future, and
certainly this sub-system will be helpful in applying Numaudo to analytical and
physical chemistry, where so much mathematics is involved.

Exampies of chemical coding: Clziﬁz()ll kem kapjisusaze kaphassuzeze
(kem kahp wee -soo-sah-zeh kahp hahss soo-zehzeh

kaphoksusasa ri . HC! bkaphas kapjilel ri.CaCly kapjija kapjilelsuze ri
kahp-hawk -soo-sah-sah ree. ) {kalip hahss kahp yee-lell ree ) (kabp -yee-yah kehp-yee-leil-soo-zeh ree )

30,720, fikaphoksuze fek zekaphoksufi ri
( fee-kahp-hawk-soo—zeh fek zeh-kahp-hawk-soo-fee ree)

Fey (80 )5 =t 2 Fe " 300 5 kap fefjusuzetokapseskaphoksuvo tusufi fek
(kahp-feff-yoo-soo-zeh~taw-ieehp ~sess-k ahp~hawk-soo~vaw~too-soo~fee
[ fek
zckap fe fjupogagaga(nu) pa fikapseskaphoksuvozupogogo i
zeh-kahp~fe ff -voo-paw~gah~gsh—-gah~ fnod] pah  fee-kahp-sess-kap-hawk-sco-vaw-zoo-paw-gaw-gaw ree )

NH4N03—~9'N20 +2 H,0 ka¢nikaﬁhassuvokaﬁnikaﬁhoksufi fei kapnisuzekaphok
{ k shp-nee~kahp-ahas-soo-vaw-k ahp-nee-kahp-hawk~soo-fee

I fay kahp-nee-soo-seh~kahp -hawk
pa Lhaphassuzekaphok zo0 mat »

pah kahp-hehss~soo~zeh-kahp-hawk) ( zaw maht)

Spaces, hyphens, etc. may be added at will in the above examples, and pauses
are optional. One pair kem...mat was used to enclose all the examples because they
followed one another irmediately, In practice, any example, however brief, would

be enclosed between kem and mat.

Any person who would like to try constructing an audible chemical code t?at
would be independent of the Numaudo system, should be encouraged by these consider-
ations: (1) It probably could be done in such & manner as to take up only half the
4 expression, as the above sub-system; (2) It would not have to

space, expression for ) 0
A as Numeudo must, though it might have

meet the requirements of computing machines,
to be compatible with
would have to be used in searches of

information storage and retrieval equipment, because it
chemical literature,etc.
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Within the limitations of Mumaudn, there should be room in the future for the

elaboration of sub-systems besides those presented in this paper. In an era of

accelerating progress, such as the present, there will be no trouble finding new

applications for Numaudo, which applications, in their turn, will maske new de-

mands upon the system,

_MIXTURE OF NUMAUDO WITH ORDINARY LANGUIGES

In this paper it has been assumed that if the conventional mathematical nota-
tion provided for a concept, and the notation in questior was not obsolete, then
Numaudo should provide a syllable for it. Actually, Numaudo wiil have to go be-
yond this bare miniimm. First, due to typographical difiiculties and the Jike,
certain symbcls have several different meanings, e.g.==. Second, special ways
had to be found to cope with such notations as the vinculum, the radical sign,
exponents, and subscripts, as these typographical devices could not be directly
translated into a succession of morphemes in time (the syilables of spoken Num-
audo) nor vet into an alphabet restricted to Roman letters only (the written form
of Numaudo). Third, as will become quite apparent in the synholic-logic section,
there are frequently-occurring “relation-words” which could be considered just
as much a part of mathematics and/or logic as the customary symbols. Forthermore,
punctuation marks have already been assigned codes. Fourth, common physical units
are so extensively used in science and engineering that syllables will be given for
all the important ones.

Nevertheless, at this stage in the development of Numaudo it would be inex-
pedient to tie up a large portion of the available syllables in a mere duplication
of the vocabulary of conventional languages. Nor is it expedient at this early
stage to demand that every Numaudo-user acquire a considerable vocabulary before
beginning to speak the system. The growth of the Numaudo vocabulary beyond the
resources of present mathematical and logical notation has to be orderly and care-
ful — otherwise rigor, one of the greatest merits of mathematica and logic, would
be lost,

Otherwise stated, in order that a person may begin speaking and listening to
Numaudo as soon as possible, the system has to be of some use even when the stu-
dent has learned but twenty or thirty syllables. This implies alternation and
mixture with ordinary language. Such alternation is further implied by the 4
current practice in books which contain both conventional mathematical or logical

notation and sentences in an ordinary language.

If the definite meanings associated with the conventional mathematical and
logical signs can be preserved in their Numaudo forms, there wiil never be any
exact synonyms of such symbols in any ordinary language--not even in a consciously-
constructed language such as Esperanto. There will be approximations, not dupli-
cations; and one purpose of Numaudo is to permit the juxtaposition of rigorous =
mathematical and logical terms with vague and less definite terms of ordinary d
language, so that the difference between them will become more evident.

Hitherto, there has been a loss in clarity, a blurring of meanings, whenever
ordinary words have been used to render mathematical or logical expressions. In

fact some harm has been done by such quasi-metaphorical ?xpressions as ‘‘square”
for the second power of a quantity and “cube” for the third power of a quantity—

irregularities in usage that serve no useful purpose, whatever may have been the
motive that inspired their introduction in the first glace. Much more harm has
resulted from the indiscriminate use with vague meanings of such mathematical
expressions as “to the nth power” in ordinary language: in this case, comparison

of the original meaning with the popular, ordinary-language meaning will show how
much they hayve diverged; further confirmation of this may be found in the article
on nth in Fowler's ¥odern English Usage.




.......... BWREAg - e e RUU40D0 i
When reading aloud from a printed page containing both mathematical symbols

and ordinary language, a certain amount of translation into ordinary language
takes place, even though the average reader is unaware of it. So with symbolic
logic: a controversy has been going on over the proper rendering of the sign D}
:?ere are at ie%?t four sides to the controversy, with proponents of “implies”,

;f...then... » “entails”, and “only if” all arguing for their interpretations.
This does not mean that the meaning of the sign D is vague; it means that ordin-
ary languages are vague, and when someone pronounces this sign in Numaudo as ta,
that person is thereby avoiding the strains of the controversy.

Numaudo, in other words, is not “just another language®™ it is for such
reasons as those given above that Numaudo is called a “coding system”. To speak
symbols in Numaudo is not to translate them; it is merely to encode them, a pro-
cess rather like transliteration. Indeed, like transliteration, Numaudo-encoded
passages can be decoded; the process is reversible.. The situation is similar to
that of putting ordinary language into Continental Morse Code and recovering it
at the other end.’ With habitual use of Morse code, the radio operator comes to
think of .... as being the letter H; the encoding and decoding processes become
unconscious-automatic, and the code characters are firmly tied to the alphabet,
However, the correspondence is not perfectly one-to-one: there is a separation
mark .-..— used between integers and fractions which has no true counterpart
in print; the code characters -...- and .- -. , although they have conventional
transcriptions = and —+ respectively, are ordinarily used with meanings quite dif-
ferent from the regular meanings of those written signs. Again, no distinction
between small and capital letters is made; there is no exclamation point in the
contemporary form of Continental Morse code, although there used to be; many
common written signs simply cannot be sent in Morse code at all—indeed, this is
one reason for evolving written Numaudo.

But the successful back-and-forth conversion relation between ordinary lang-
uage and telegraph code shows that, even without absolute one-to-one correspond-
ence, Numaudo will be a practical system. It is only necessary that in the teach-
ing and learning process, the conventional written mathematical and logical sym-
bols be firmly associated with and tied to their Numaudo counterparts, soO that
Numaudo will become and remain *the voice of mathematics and logic” rather than

“just another language ".

To be useful at all, Numaudo has to be able to say what ordinary language -
cannot say, or cannot express wi thout awkward circumlocutions. To be valuable,
Numaudo has to save time. Now, within this article, this saving of time may not
have become very evident during the exposition of the system. The written forms
of the Numaudo syllables may look longer than the written mathematical symbols for
which they stand. This is not a fair basis of comparison.. Spoken Numaudo is
primary to written Numaudo, and the true basis of comparison is the amount of time
it takes to say something in Numaudo, compared with the amount cf time it takes to
read the same (unfortunately, it isn’t always quite the same!) express?on in
ordinary words.. Roughly, this corresponds to the number of syilables in a Numaudo

expression as compared with the number of syllables in the correspending English

expression.
'E# fidénﬁjélniﬂé.§ﬂﬁnfif&”§quared, over double-u to the fourth minus thirty-six.
To li pa Lo tu po ze da lepovo mi fiba.

English, 21 syilables; Numaudo, 14 syllables. . .

Four times nine is thirty-six.
Vo mu. ko fe fiba.

English, 7 syllables, Numaudo, 6.
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In connection with the above comparisons, note that they are made on a basis
of the number of syllables, not letters. Some of the apparent length of the
English examples is d‘,’e to unphonetic spellirg, so a comparison by number of
letters would be unfair to the Engiish. In the first example, the English could
have been lengthened by saying ““divided by the quentity double-u to the fourth
power minus thirty-six” which would have given 8 more syiiabies. This should
make it likely that Numaudo will save time, when the savf-.}\g in aunber of svlliables
is as great as it is, without resorting to such expedients as that just given.

Another factor here is that the names of the letters of the alphabet are not
their sounds. Thus it takes a whole sy!lable, not a single letter, to spell out
the name of a letter, in whatever language, save for the 5 vowels. Those not
aware of this fact may have a false impression of the brevity of the spoken forms
of mathematical expressions,

This also applies to abbreviations, such as cm, mm, sec, hr, kg, etc., since
in some cases it may take as many syllables to call off the names of the letters
in the abbreviation as it would to speak the word in full. If the Numaudo treat-
ment of some of the unit-designations given below appears arbitrary, remember
that very few abbreviations meet the syllable requirements of the system, and
those that do not must be rejected..

PHYSICAL AND ENGINEERING UNITS

Obviously, a complete list cannot be given here, only the smallest list that
will enable the use of Numaudo in physics and engineering. New syllables can be
added after need for them has been demonstrated; for this purpose some form of
committee may be set up to pass on proposed new syllables and avoid conflicts in
symbolizing. In any case, conventional abbreviations can be spelt out, using the
“yer” method, top of Page 13, English units, such as foot, inch, pound, quart,
BTU, and so on, not being international, may either have their abbreviations spelt
out, or the English words may be used. (That is, if any communications are to be
made internationally, English units will have to be changed to metric, and if
communications are to be made to another English-measure country, the presence
of English words will not matter.)

The reader is referred to the top of Page 7, where the special Numaudo nota-
tion for positive and negative powers of ten is explained. With this device, the
need for assigning syllables to decimeter, dekameter, hectometer, deciliter,
dekagram, etc, is eliminated. Only the most frequent multiples and submultiples
of a unit need individual syllables. In some cases below, this device will be
used to denote the preferred manner of expressing that unit.

second sec.,s sek  (sek) . (All other units of length, such as ang-
minute min, ,m win (eas | strom, millimicron, etc., by -de- or -do-)
hour hr., h hor (hawrr) ' Exception: nautical mile (not statute
day det (day) } mile! ), nmaut (nout, rhyming with “pout’)

week heb  (heb) hectare ha. har  (hahrr)
month meS  (mess) | (other square measure by exponent, as
year jar  (yahrr) square meter, metpoze) (mett-paw-zeh)

liter 1. lit  (leet)

(other cubic or volume measure by expon-
ent, as cubic meter, metpofi )(mett-paw-fee)

(millisecond, -dofisek; ( daw- fee- sek)
microsecond, -dobasek )  (daw-bah-sek)

met
g 5 m?t e atmosphere (pressure unit)tam  (tahm)
micron M mik (meek) millibar b

? (meeb)
millimeter mm, mom  (mawm) (other units by de, do)
centimeter ocm, sem  (sem) ! dyne din  (dew)
kilometer Km, kim  (keem) ! (continusd on next page )
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(Physicol ¥ Ungineering Units, comt&nmeéb? watt w vat (vaht)
millimeter of mercury {  kilowatt kW haf (kaht)
mm Hg  hig (heeg) ,
(as unit of pressure only) v?lt i VA ey i
) kilovolt-ampere kVA kam (kahm)
kilogram per square cenglmeter reactive volt aMperE, Or
N v . & W ]
e oml pem (pemm) var var (vahrr)
newton S (noocht) i reactive kilovolt-ampere, or
erg gon (gawn) | kilovar kVAr kav (kahv)
joule daul (dowel) power factor, % poit  (poyt)
S £ : calL = RO (lel or ji, i.e. L or C, may be added
calorie (gram) - et it N to indicate lagging or leading)
Calorie (kilogram)Cal, kal (kahl)
15 Bt ks cycles per second,
pho o Vb Hertz - cps, ¢/s ,~Hz her  (hairr)
Tux luk (1ochk
1% gilbert gil  (gheel)
Jumen Lum (1oom) Y pae i
. oersted j
candlepower kir (keerr) . 8 -
auss au (gow)
lambert L. lab  gapy 3 o
diopter D. dip (deep) We::’; ] :é (vebb)
: maxw in
electron-volt eV vel (vell) s feen)
: eti ilit ut
1,000,000 eV Mev mev  (mev) it eyt Rt AR e
microgram Y mug  (moohg)
roe?tgen r, ren (renn) milligram mg mig (meeg)
curie kur (koor) :
bel B bal by & NS g £ai  (guy)
: ; kilogram kg Rig  (keeg)
decibel dB di b (deeb) ! ‘ g
3 _; ; ¢ ’ millier, metric ton ton  (tawn)
€Cibel referred to : i 5
217 demm) | specific gravity or density
e ik o Ly b : referred to water den (denn)
neper ne (nepp)

T z ('?T) mol (chemistry) mol (maul)

me me me
. norma](chemistry) N. n07 (nawrr)
octave dub (doohb) : -

) ; : PH (chemistry) peh SEi NOTE
volt 1
A i e, ik meters per second MmetsS (mace)
am nn, d 1 5 :

g P A e § kilometers per hour kih  skg voTE
o = e i accel, /gravit a h
megohm MQ meg (meg) e i 5 i
v o ; . bit, binit, binary digit
henry H rin (reen) ; as unit of information bit (beet)
farad F faf (fahf) : brig(a generalized bel) big (beeg) ®
miCrOfarad uF muf (moohf) lj_ght-year lug (looey)
Picofarad pF, uuF pik (peek) | degree Centigrade . tem  (temm)
coulomb kul (koohl) g degree Kelvin °K: tek (tek)

N¥OTE: Two of the svllables given above, teh and kih, contain sound -combinations

not conforming to thé English speech-pattern., In both cases the ﬁ is to be fully
Sounded, rather as the syllables pech, kiech would be pronounced in German, Persons
who cannot Pronounce k in such a position may efther pronounce those Syll?bles (pedge) |
keedge) op they may use pe-has (peh-hahss) for seh and kzm—ﬁer—h?r (keem-pglrr—hawrr)
instead of 2ih. It was felt that the greater ease of rememberlpg beh, %zh thap

other syllables that might have been assigned, outweighed the inconvenience that
might be caused speakers of two or three of the many languages involved.

Note that when conventional Jetter-svmbols are used 1?5L:a?]of gawesVof u31ts,
. ” ) § udo:
such as I for current instead of “amperes”, this practice is followed in Numa o

R =,
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E=250 would be rendered(ju éi‘Zﬁ?ugu, for example, rather than zepuguvol or zepugu
verla, unless the origindl® stafemBAT 5N conventional notation §égﬁ°§fﬁgglb.;in

vairr-lah ) :
Jhxc ia%ter case either the ver signal and the code for the letter V, or the unit
name vol would be used. (vair)

(vawl)

Pay especial attention to the manner in which letter-symbols, as F for force,
B for magnetic flux density, 6 for an angle, etc. are coded in Numaudo by the syll-
ables given on Pages 12 and 13, but—-caution here/— abbreviations such as km.,
mg., and the like are coded by the ver prefix to show **spelling-out” before the
letter-symbols are given., Otherwise there would be intolerable confusion between
Jetters (usually italic) for mathematical symbels, and letters (usually roman) for
abbreviations. This, indeed, is why syllables have been provided for so many of
the units—to avoid resorting to the ver system, so far as feasible.

It will be noted that “unit” syllables have been provided even for specific
gravity, magnetic permeability, and power factor; not generally considered units.
In these cases (and any new ones like them which may later be added to the system)
the “unit-like’ syllables may precede the numerals instead of following them, as:

sp. gr. 0.997, den gunakokote ; w 250, mui zepugu, and so on.

The prefixes micro—, nano- pico—, milli-, centi-, deci-, deka-,hecto—, kilo—,
myria-, mega-, giga—, tera—-, used with physical units, are hot a part of the Num-
audo svstem, To provide syllables for these thirteen prefixes would be as unnec-
essary a duplication of facilities and burden upon the memory as it would have
been to provide syllables for ‘““hundred”,* thousand”,million”, “billion” etc.—as
has been pointed out, middle of Page 7. Of course, the abblreviations for these
prefixes may be spelt out with the abbreviations for the units, as wverkakla for
kV.,but in all ordinary cases it will be found more convenient and more in keeping
with the principles of the system to use the unit names and the Numaudo powers-of-
-ten notation method, so that 5 mV, will become pudofivol and 13 kV. will become
safi-defivol, etc. It is optional in any given case to express Or suppress the
period of ten used with abbreviations. Periods may be supplied if otherwise ambi-
guity would result; the syllable for abbreviation periods is zop.

As already mentioned on Page 12, bottom, letters, whether mathematical sym-
bols or used to spell out abbreviations, do not need the prefix kap to show that
they are capitalized, unless in the given par ticular instance the meaning of a
capita}l letter would differ from that of the corresponding small letter. This is o
another reason for preferring doba to vermim for ““micro-" and deba to verkapmenm
for ““mega-", and dofi to uvermenm for “milli-”, since carelessness in the use of such
letters as y m M is frequent—and understandably so!

Examples: 12 square meters, sage metpoze s 2 grams, =zegai ;
( sah-zeh met-paw-zeh) (zeh-guy)
35 seconds (time), fipusek ; 9.5 kVA, konadukam ; 11 mW , sasadofivat / P
(fee-pooh-sek) (kaw-nah=poo-kahm) { sah-sah-daw~fee-vaht)

6°3"or 6 ft. 3 in. or 6 feet 3 inches, ba verfeftit fi verhikni or ba feet
bEis T bah veirr-feff-teet fee vairr-heek-nee OF bah feet

fi inches., (Either of the two Numaudo renéerings may stand for any of the three
fee inches)

original expressions.)

65 mm , bapumom ; 4857 A , vodipute-dosagumet ; .003 wF, nagugufi muf ;
( bah=poo-mavm) ( vaw-dee-poo- teh~daw—sah-goo-mett) ( nah—goo~goo—{ee moo f)
25 Mcss, zepudebaher ; 110 amp.-hr., sasagu pamhor ; 391 kWb, fikosakathor ;
g (sah~-sah-goo-pahm-hawrr) ( fee-kaw-sah-kah t-hawrr)

( zeh-poo~deh~bah-h airr)

338 ., gofizenaditem 7 45°K. , voputek ; 10-* mm Hg , dovohig ;

(gaw-fee-zeh—nah—dee—tem) (vaw-poo-tek) (daw-vaw-heeg)
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rs/min, , volitpermin ; i2dB/octave.

: (vaw-leet-pairr-meen)
saze dib per dud ; 4096 bits, vogukobadit Or zeposasze bit ;

(sah-zeh-deeb—pairr—doo.b) (vaw-goo-kaw-bah-beet )R zeh-paw-sah-zeh-beet)
6000 gauss, badeftga'u s He = 400 oers teds, h.as-su-—ji fe 'Uoguguted g
g R (hahsS‘SOO*Yee——feh—vaw—goo~-goo-tedd)

To facilitate learning and remembering the sy!lables standing for units, it
was necessary to allow a considerable number of them to end in veciced consonants,
such as b,d, g, v,2. Since several languages, such as German and Polish, do not
pronounce voiced consonants in final position, the English-speaking user of Numaudo
must not be surprised to hear dubd pronounced as dup, or mév sounded as mef.

Some mention of this was made or Page 6. Fortunately, the syllables ending in
voicdd consonants are not likely to be involved in communications with machines. It
is merely that some English-speaking Numaudo users, if they were not aware of this
volcing/devoicing problem, might add syllables to the system which could be con-
fused with those already assigned (especially, those assigned to units). Of course,
if the units are unrelated, or the subject of the new syllable is unrelated to the
subject of the existing counterpart-syllable, no harm would be done at all. For
example, it is extremely improbable that decibel and diopter would occur in the
same context, so the assignments dib-dip could hardly result in ambiguity,

This rapidly-developing field offers applications for Numaudo. While the pub-
lished work on information storage and retrieval has dealt with the problem almost
exclusively in visual terms, even to the point of describing information-coding
schemes which cannot be pronounced and machine ‘‘l1anguage’ which is unpronounceable,
one important fact remains which the most visile of persons cannot deny: The tele-
phone and voice-radio networks are very highly developed communication systems at
the present time; they afford practically instantaneous communication over long
distances; and their use is continually expanding.

Requests for information constitute an obvious use of telephone facilities,
and undoubtedly a large percentage of telephone calls are requests for information
such that the inquiry can be formulated in machine-acceptable terms, and the reply
could be made by a machine having a small repertory of Numaudo syllables. Similar
considerations hold for a large number of radiotelephone contacts, such as aircraft
requesting information from ground stations.

Paralleling this situation, there are extensive teletypewriter and Morse net-
works, both radio and telegraph, and these are so arranged that the letters of the
Roman alphabet are easier to transmit than numerals or punctuation marks, and many
other characters cannot be transmitted at all. Since every syllable in Numaudo can
be expressed within the Roman alphabet, written Numaudo is a convenient mediug for
teletyped and Morse-coded requests for information. Furthermore, the convers_ion
from spoken to written Numaudo and vice versa by purely automatic means will be
entirely practicable.

Sound~reccrding and dictating machines of various’kinds have become almost
ubiquitous, By using the Numaudo system, any such machine becomes a convenient
input device for information-storage or data-processing equipwent: Also, mufh of
the data now accumulated as voice recordings may be worth storing in informaéion
Storage and retrieval equipment, where it could be indexed, undllater 9as3?d Aori
bl’e”ti’ejy audio means, and this often from a d%?t?nce over a telepboue :1ne. n
this way much tedious, error-introducing transcription wouid be eliminated,

Closely allied to the development of information storage and retrieval devi-

¢es, and of electronic computing equipment, is the rapidiy growing ﬁelg oé TECh?n-
fcal translation of languages. Since, for the near future at least, the bulk o

-
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material presented for such translating processes will be of a scientific or tech-
nical nature, it will inevitably contain much numerical data and a considerable
proportion of unit-names and mathematical symbols. To provide for such symbols in
the machine output would complicate an already Intricate device, and thus the
possibility of expressing all such data in Numaudo before putting the texts through
the translation process, should be attractive. Numaudo will of course pass through
a translating machine unchanged, whether that machine be for spoken- or written-
language translation; this should permit a considerable reduction in vocabulary -
memory capacity (which is a principal cost factor here).

Another reason for mentioning machine translation here is that the conversion
from written data to spoken data, and from spoken to written, when such information
is expressed in an ordinary language, is a species of translation—at least from
the machine-designer's standpoint. While apparatus to perform these tasks is
mainly in the developmental stage as yet, it will eventually be perfected, and so
must be taken into account in elaborating the Numaudo system.. That is to say, the
convenience that would result from being able to communicate with information
storage and retrieval equipment by telephone should be an inducement for the
adoption of an internationally-uniform code for mathematical and logical data,
unit-names and instruction signals, such as the one here presented.

We intend to imply that telephonic access to information stored in written as
well as spoken form is desirable, and conversely, print-out, whether local or at
remote points, is equally desirable from either spoken or written stored informa-
tion. Because of the comparatively early developmental stage of information
storage and retrieval equipment, and of conversion devices, it would be unwise to
give definitely prescriptive examples here of the application of this system, so
our best course will be to present hypothetical examples.

Syllables and uses of syllables presented here to illustrate how Numaudo might
be used in this field, are thus not to be considered assigned or pre-empted, since
the designing engineer should retain a free hand.

Let us suppose, then, that the Public Library in a certain city has installed
special telephone-answering equipment, in turn connected to a portion of the 1lib-
rary’s information storage.

An inquirer will dial, not the library's regular directory number, but a
special number directly connected to the answering equipment, this latter number
probably not being listed in the telephone directory, but given in an instruction
pamphlet detailing this service and how to use it.

The equipment will answer, first sounding a special tone-signal, for example

E, then such words as “4nswering Unit 3, Deepcar Lidrary”, the signal L‘;%

again, then some such “go-ahead” signal as the letter-code kak. bhekis

If the inquirer inadvertently uses some jrrelevant phrase in ordinary'lang-
uage, he will be interrupted with a recording, saying “For any other seruvice, ®
please dial the regular library number, DlUgmore 5-9987; for any other service, 3
please dial the regular library number, DUgmore 5-9987; ... ~ and so on till the |
client hangs up and dials the other number.. |

few

If the inquirer knows how to use the equipment properly, he will wait a few

e kas t buk kes ? Sui

o, S Tl I e, o el 57 2 2
[ pause ] pooh-'.h-soo-n.h-teh-dee tahss kahk )

' book(s) on electronic
Freely translated, this inquiry would mean ‘Have you any
computers in the libra;y? End of question. Go ahead. (The Dewey decimal

classification number for such books is 510.78, hence “pusagu-natedi”.’)

| answer, sounding the tone-signal faintly, then :Jes“ or
yes)

The equipment wil
| Nou" as applicable.
{no)

W
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material presented for such translating processes will be of a scientific or tech-
nical nature, it will inevitably contain much numerical data and a considerable
proportion of unit-names and mathematical symbols. To provide for such symbols in
the machine output would complicate an already intricate device, and thus the
possibility of expressing all such data in Numaudo before putting the texts through
the translation process, should be attractive. Numaudo will of course pass through
a translating machine unchanged, whether that machine be for spoken- or written-
Janguage trenslation; this should permit a considerable reduction in vocabulary -
memory capacity (which is a principal cost factor here).

Another reason for mentioning machine translation here is that the conversion
from written data to spoken data, and from spoken to written, when such information
is expressed in an ordinary language, is a species of translation—at least from
the machine-designer's standpoint. While apparatus to perform these tasks is
mainly in the developmental stage as yet, it will eventually be perfected, and so
must be taken into account in elaborating the Numaudo system.. That is to say, the
convenience that would result from being able to communicate with information
storage and retrieval equipment by telephone should be an inducement for the
adoption of an internationally-uniform code for mathematical and logical data,
unit-names and instruction signals, such as the one here presented.

We intend to imply that telephonic access to information stored in mritten as
well as spoken form is desirable, and conversely, print-out, whether local or at
remote points, is equally desirable from either spoken or written stored informa-
tion. Because of the comparatively early developmental stage of information
storage and retrieval equipment, and of conversion devices, it would be unwise to
give definitely prescriptive examples here of the application of thls system, so
our best course will be to present hypothetical examples.

Syllables and uses of syllables presented here to i1lustrate how Numaudo might
be used in this field, are thus not to be considered assigned or pre-empted, since
the designing engineer should retain a free hand.

Let us suppose, then, that the Public Library in a certain city has installed
special telephone-answering equipment, in turn connected to a portion of the 1ib-
rary’s information storage.

An inquirer will dial, not the library's regular directory number, but a
special number directly connected to the answering equipment, this latter number
probably not being listed in the telephone directory, but given in an instruction
pamphlet detailing this service and how to use it.

The equipment will answer, first sounding a special tone-signal, for example

E, then such words as “4nswering Unit 3, Deepcar Lidrary”, the signal %{%

again, then some such * go-ahead” signal as the letter-code kak.

If the inquirer inadvertently uses some jirrelevant phrase in ordinary.lang-
uage, he will be interrupted with a recording, saying “For any other service,
please dial the regular library number, DUgmore 5-9987; for any other service,
please dial the regular library number, DUgmore 5-9987; ..a and so on till the
client hangs up and dials the other number..

it a few

If the inquirer knows how to use the equipment properly, he .wlu wa .

9 kas t buk kes ? Sui

:::::g\s’-pr;z;\wt:‘;:;;fs lm"i;z; i F:;ﬂa .udo': wa (n!o:n hl?ns. tlei:ln boohk kess ? sooey
[ s g pooh-sah~goo-nah~teh-dee  tahss kahk )

*Ha book(s) on electronic
Freely translated, this inquiry would mean Have you any
computers in the libra;'y? End of question. Go ahead. (The Dewey decimal

classification number for such books is 510.78, hence “pusagu-natedi”.)

The equipment will answer, sounding the tone-signal faintly, then “Jes” or
(yes)

"Nou" as applicable.
{no)
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It was assumed, for the preceding example, that the request was whether a

book or books on the subject were in the library catalog, not necessarily on the
library shelves for circulation at that moment.

If the inquirer wanted to know whether a specific book was in the catalog, he

could use the full Call Number, as e.g.. 510.78 V947, which the reader may imagine
to be substituted into the preceding exampie, in the form pusako-natedi ri la
kovote.

Other book-classifying systems, such as the Library of Congress system, or
the Universal Decimal Classification, could be accoemmodated similarly. Requests
for an author by name (for exanple, “Has the library any books by Schnorkelfeder?™)
might be accommodated by spellirg out the name with the code syllables given on
Page 12. Requests by title probably could be answered by pattern-recognizing
and scanning equipment, at greater expense and complexity, of course, than subject
or author’s-name requests. Some form of speech-pattern-recognizing equipment
might also be needed where classification of subjects was by keywords rather than
letters and/or numbers.’

If the added cost of perpetual-inventory equipment were warranted, inquirers
could put the question, “Is there a copy of 155 A784 available for circulation?”,
receive an affirmative or negative answer from the machine, and in either case
reserve the book. Other machines would locate the book and set it aside, or in
case it was out, make sure that it was set aside when returned and send the notice,
and in either case, make the proper charges for the cervice..

Again, provision might be made to read back to the inquirer a one-minute
tape-recorded abstract of a book, dociument, or article, the charges for this
service being billed automatically. Even before th: facilities we have described
would become generally available, librarians in branch and private libraries could
obtain information from a central !ibrary by means such as described.

Apparatus is already in existence whereby banks, insurance companies, and
factories can keep data up-to-the-minute, so that any given arcount bzlance, pro-
duction figure, or the 1like can be priated out on demand. The use of Numaudo in
this form of information retrieval should be very helpful, since a teller at a
branch bank could obtain a customer’s actual balance without needing any speclal
equipment or special transmission lines——only the regular telephone. Similar
considerations apply to an insurance agent out on a call, or engineers making
field surveys and needing information from a central point in a hurry. Of course,
due to the confidential nature of much of this information, secret key-syllables
would be used to unlock the information-retrieval equipment at the other end of
the line, much in the manner of a combination lock.

In summary, many cases exist where it is already customary to teleph?ne in
for information and where the answer will be very brief, even though considerable
time is required by present methods to search for it. Speaking and listening
machines, using Numaudo, can take over many routine jobs and do them much fastep
than information clerks can, thus releasing persons for more interesting and »
varied tasks.,

It should be pointed out, also, that once an incoming Numaudo utterance was
recorded, a machine could scan its memory for such purposes as matching syllable-
sequences etc, at an extremely high speed, since the speeds and frequencies used
for internal operations of the machine are not limited by those of normal human
utterance. Thus conversion from Numaudo to other codes would not always be nec-
essary for machine purposes.

A further remark is in order, concerning the foll?wing seetion on Symbolic
Logic. As theory and practice advances in the field of information storige gndb
retrieval, more use will be made of logical concepts. Rgf?r?nce has ?.rea y ﬁen
made in the Information Retrieval literature to the possibility of making Eea;c es
involving the logical sum or logical product of twe classes. Aggin, data to zd
stored for retrieval will use legical symbols more and more as time goe}sﬁun;da'f
significant cost reductions and simplicity of equipment design can be achieved 1

such signs are stored as their Numaudo equivalents..
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It was assumed, for the preceding example, that the request was whether a

book or books en the subject were in the library catalog, not necessarily on the
library shelves for circulation at that moment.

If the inquirer wanted to know whether a specific book was in the catalog, he

could use the full Call Number, as e.g.. 510.78 Y947, which the reader may imagine
to be substituted into the preceding exampie, in the form puscko-natedi ri la
kovote.

Other book-classifying systems, such as the Library of Congress system, or
the Universal Decimal Classification, could be accommodated similarly. Requests
for an author by name (for exanple, “Has the library any books by Schnorkelfeder?”)
might be accommodated by spellirg out the name with the code syllables given on
Page 12. Requests by title probably could be answered by pattern-recognizing
and scanning equipment, at greater expense and complexity, of course, than subject
or author’s-name requests. Some form of speech-pattern-recognizing equipment

might also be needed where classification of subjects was by keywords rather than
letters and/or numbers.’

If the added cost of perpetual-inventory equipment were warranted, inquirers
could put the question, “Is there a copy of 155 A784 available for circulation?”,
receive an affirmative or negative answer from the machine, and in either case
reserve the book. Other machines would locate the book and set it aside, or in
case It was out, make sure that it was set aside when returned and send the notice,
and in either case, make the proper charges for the tervice..

Again, provision might be made to read back to the inquirer a one-minute
tape-recorded abstract of a book, document, or article, the charges for this
service being billed automatically. Even before the faciiities we have described
would become generally available, librarians in branch and private libraries could
obtain information from a central !ibrary by means such as described.

Apparatus is already in existence whereby banks, insurance companies, and
factories can keep data up-to-thz-minute, so that any given arcount balance, pro-
duction figure, or the 1like can be printed out on demand. The use of Numaudo in
this form of information retrieval should be very helpful, since a teller at a
branch bank could obtain a customer’s actual balance without needing any special
equipment or special transmission lines—only the regular telephone. Similar
considerations apply to an insurance agent out on a call, or engineers making
field surveys and needing information from a central point in a hurry. Of course,
due to the confidential nature of much of this information, secret key-syllables
would be used to unlock the information-retrieval equipment at the other end of
the line, much in the manner of a combination lock.

In summary, many cases exist where it is already customary to teleph?ne in
for information and where the answer will be very brief, even though considerable
time is required by present methods to search for it: Speaking and listening
machines, using Numaudo, can take over many routine jobs and do them much faster
than information clerks can, thus releasing persons for more interesting and »
varied tasks.

It should be pointed out, also, that once an incoming Numaudo ufteran§; g?s
recorded, a machine could scan its memory for such purposes as matching syllable-

sequences etc., at an extremely high speed, since the speeds and frequencies used

i 1 human
fo chine are not limited by those of norma
e other codes would not always be nec-

utterance, Thus conversion from Numaudo to
essary for machine purposes. :
A further remark is in order, concerning the foll?wing segtlon on Symboéic
Logic. As theory and practice advances in the field of 1nformatlonhstor?ge gn e
retrieval, more use will be made of logical concepts. Rgfger?nce : aske{ rea y‘_ches
made in the Information Retrieval 1i terature to the p9ssxb111ty oi mad :g igabe
involving the logical sum or logical product of twe classes, A%? n, 2580; e
stored for retrieval will use logical symbols more and more as mgego & ;d e
significant cost reductions and simplicity of equipment design can achiev

such signs are stored as their Numaudo equivalents..




Darreg NUYAUDO
Both information storage and retrieval and symbolic logic are rapidly grow-

ing fields aF the present time.. Had we given many examples of the application of
Numaudo to 1nf0fmation storage and retrieval, such examples might be obsolete be-
fore any.gxtens1ve use of Numaudo for that field had ocgurred! Already, some of
the machines and systems proposed for storage and retrieval have become obsolete
before they could be finished or tested. As for symbolic logic, although it is an
older field, particularly if considered as including Boolean algebra, the written
symbol+-system for it is far from settled, there being two, three, or more signs for
some of the most elementary concepts. It is hoped that the providing of a system-
atic set of speakable representations for symbolic logic will ultimately have a
desirable reaction upon the present array of written symbols for logic.

SYMBOLIC LOGIC

Near the middle of Page 14 we have already explained how Numaudo may easily
express Boolean algebra, and we gave the attention signal dul, to show that what
follows is Boolean. (bool)

The syllable mat may be used to cancel the effect of bul, to show a return to
mah (bool)

ordinary mathematics. ; ¥at may also be used when desired to show a return to ord-
inary mathematics from symbolic logic proper, or from class calculus, if ambiguity
has to be guarded against in the particular instance, Kat was also introduced as
a “cancel” signal when discussing the optional subsystem on Page 27, and it can be
used to return from any future subsystem that may be devised. Sometimes mat may
be desirable when leaving ordinary language, to show that one is going into only

‘ the mathematical part of Numaudo, not the complete system..

Class membership is generally expressed by the Greek letter €, first letter
of dotl. The syllable be has been assigned for class membership, but be does not
stand for other uses of Greek epsilon: for other purposesg,eis represented by spes,
as stated on Page 13. Example: x € 4, Lli be kapja. (pess)

(lee beh kehp wyah) (b€ as in “bet’.)

Non-membership in a class has been represented in the literature by several
symbols, such as ?.}6{ ,~¢€, The syllable ben, compounded from be and ne for “not”,

has been assigned. Example; x ¢ B, \A ben kopye.
(lee ben kabp-yeh)

Class Inclusion, generally expressed by the symbol €, is rendered by zi.

(zee)
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