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1 Introduction

This is a proposal to encode six signs used for writing fractions in the Oriya script in the Basic Multilingual
Plane (BMP) of the Universal Character Set (UCS) (ISO/IEC 10646). This document (L.2/08-199) is a
revision of an earlier proposal (L2/07-413) and replaced the latter.

2 Characters Proposed

Justification for Encoding The six proposed Oriya fraction signs constitute a specialized set of characters
in the Oriya script. The encoding of these fraction signs is necessary for the full and accurate reproduction
and representation of numeric notation in Oriya.

Characters The six characters proposed are:

U+0B72 ORIYA FRACTION ONE QUARTER
U+0B73 ORIYA FRACTION ONE HALF
U+0B74 ORIYA FRACTION THREE QUARTERS
U+0B75 ORIYA FRACTION ONE SIXTEENTH

U+0B76 ORIYA FRACTION ONE EIGHTH

3.2 \ £ <~

U+0B77 ORIYA FRACTION THREE SIXTEENTHS

Basis for Character Shapes The proposed characters are based on forms found in printed documents.

3 Technical Features

Name The names of the fraction signs are based on the fraction values they represent.

Allocation The characters should be encoded in the Oriya block (U+0B00) at the range U+0B72..U+0B77.
Classification The fraction signs are a specialized subset of Oriya, a “Category A” (contemporary) script.!

Character Properties The fraction signs belong to the Unicode general category “Number, Other” (No).
Each character is assigned the numeric value of the fraction it represents. The characters are written left-to-
right and have bidirectional values of “Left-to-Right” (L).

Line-Breaking Properties A sequence of fraction signs must not be broken at line boundaries.

"' As per the criteria specified in ISO/IEC JTC 1/SC 2/WG 2 N3002 (International Organization for Standardization, 2003: 4).
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4 Overview of the Signs

Description The characters were used for fraction notation in the Oriya script. They appear in both written
and printed materials, and were cut as part of at least four different Oriya metal fonts, as represented in the
figures. The fraction signs were in common use until 1958, when the Government of India adopted the
decimal system for currency and the metric system for weights and measures. The characters are rarely used
at present.

Typology The fraction signs can be divided into two sets: signs for the quarter increments — | (}4), Y(%),
W (%) — and signs for the sixteenths increments — ~ (Ye), & (%), o (He).

Orthography Fractions are written using the additive principle. The signs for the quarter fractions are
always written before the signs for the sixteenths fractions. For example, the fraction % is written as s/, not
as «1. Fraction values of the base-16 system are written using the six proposed characters as:

e S He |/ Ne Y/ Ao W
oo /ALY % Y/ %o Ye/
Yo o Yo o/ Ve Yo/ e Mo/
/N L VA 1 <

S Relationship to Other Signs

The Oriya fraction signs are analogous to those used in north Indic scripts and Bengali:?

/ U+0B75 ORIYA FRACTION ONE SIXTEENTH

Vi / U+09F4 BENGALI CURRENCY NUMERATOR ONE
- U+A833 NORTH INDIC FRACTION ONE SIXTEENTH
&/ U+0B76 ORIYA FRACTION ONE EIGHTH

% o U+09F5 BENGALI CURRENCY NUMERATOR TWO
= U+A834 NORTH INDIC FRACTION ONE EIGHTH
o/ U+0B77 ORIYA FRACTION THREE SIXTEENTHS

Ve o U+09F6 BENGALI CURRENCY NUMERATOR THREE
£ U+A835 NORTH INDIC FRACTION THREE SIXTEENTHS
I U+0B72 ORIYA FRACTION ONE QUARTER

Y | U+09F7 BENGALI CURRENCY NUMERATOR FOUR

| U+A830 NORTH INDIC FRACTION ONE QUARTER

Y  U+0B73 ORIYA FRACTION ONE HALF
% Il U+09F7 BENGALI CURRENCY NUMERATOR FOUR (written twice)
Il U+A831 NORTH INDIC FRACTION ONE HALF

W  U+0B74 ORIYA FRACTION THREE QUARTERS
% u U+09F8 BENGALI CURRENCY NUMERATOR ONE LESS THAN THE DENOMINATOR
1] U+A832 NORTH INDIC FRACTION THREE QUARTERS

2 See Pandey (2007) for details on north Indic fraction signs, to be encoded in the Common Indic Number Forms block (U+A830).
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Comparison of Signs Of the north Indic and Bengali orthographies, the Oriya fraction signs are closest
in appearance to Bengali forms. This is on account of the typological similarities between the Bengali and
Oriya scripts, both being descendents of the Proto-Bengali family.

ORIYA / 6)/
BENGALI / 6)/
- -
-

NORTH INDIC

o/
& 11 W
= i

As indicated above, three of the Oriya signs are graphically similar to their Bengali counterparts ( /s, %, and
%), two are graphically distinct (%s and %), and one has no analogue in Bengali (}5).> The signs for % and %
are unique to Oriya.

* / U+0B75 ORIYA FRACTION ONE SIXTEENTH is typologically and graphically similar to / U+09F4
BENGALI CURRENCY NUMERATOR ONE and ~ U+A833 NORTH INDIC FRACTION ONE SIXTEENTH.
All three signs are stylistically distinct.

* & U+0B76 ORIYA FRACTION ONE EIGHTH is typologically and graphically similar to ¢ U+09F5 BEN-
GALI CURRENCY NUMERATOR TWO, but stylistically distinct. It is completely different from = u+A834
NORTH INDIC FRACTION ONE EIGHTH. The shapes of the Oriya and Bengali signs are derived by writing
a stylized and rotated form of the respective digit 2 to the sign for /is: Oriya 9 + ~ — «/; Bengali 2 +
/=,

* o U+0B77 ORIYA FRACTION THREE SIXTEENTHS is typologically similar, but graphically distinct
from ¢ U+09F6 BENGALI CURRENCY NUMERATOR THREE. This sign is typologically uniform among
the scripts in the Proto-Bengali family; compare Oriya and Bengali to the Maithili form %. In the
eastern Indic scripts, the sign is derived by writing a stylized and rotated form of the digit 3 to the sign
for Ys: Oriya ) + /- — o/; Bengali © + / — &; Maithili 3 + / — 9.

* | U+0B72 ORIYA FRACTION ONE QUARTER is typologically and graphically similar to | U+09F7 BEN-
GALI CURRENCY NUMERATOR FOUR and | U+A830 NORTH INDIC FRACTION ONE QUARTER, but
stylistically distinct.

* Y U+0B73 ORIYA FRACTION ONE HALF is unique. In Bengali, the fraction / is represented by writing |
U+09F7 BENGALI CURRENCY NUMERATOR FOUR twice; eg. the fraction /s is represented in Bengali
as11¢ and in Oriya as Yo/ .

* W U+0B74 ORIYA FRACTION THREE QUARTERS is distinct from 4 U+09F8 BENGALI CURRENCY NU-
MERATOR ONE LESS THAN THE DENOMINATOR and Il U+A832 NORTH INDIC FRACTION THREE
QUARTERS.

? It is possible that the Bengali sign for the fraction 4 might be an independent character consisting of two vertical bars, similar to
Il U+A831 NORTH INDIC FRACTION ONE HALF. The author does not know if an independent sign for % exists in Bengali or if the
decision to not encode the sign independently was based on the principle of representing this character using primitives, ie. writing
| U+09F7 BENGALI CURRENCY NUMERATOR FOUR twice.
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6 Recommendation for Independent Encoding

The graphical similarity between certain Oriya and Bengali signs might suggest unification of Oriya signs
with those of the latter. However, incompatibilities in character names and property values recommend
against such action. The Oriya fraction signs should be encoded independently in the UCS.

Character Names The proposed Oriya characters are named according to their semantic value. The names
of corresponding Bengali signs in the UCS possess the descriptor “currency numerator.” For example the
sign for /% in Oriya is represented by the character named ORIYA FRACTION ONE QUARTER, but by the character
BENGALI CURRENCY NUMERATOR FOUR. The Bengali names are semantically unsound for characters that
represent fractions and that are used for writing values of a range of units, not only currency. The descriptor
“fraction” used in the names of the Oriya characters appropriately reflects the broader contexts of their use.

Numeric Value The numeric values assigned to the Oriya fraction signs represent their actual values.
Those of the Bengali currency numerators are integers:

09F4; BENGALI CURRENCY NUMERATOR ONE; No; O; L;;;1; N ;s

09F5; BENGALI CURRENCY NUMERATOR TWO, No; O; L;;;; 2, N ;5

09F6; BENGALI CURRENCY NUMERATOR THREE; No; O; L;;;;3; N,

09F7; BENGALI CURRENCY NUMERATOR FOUR; No; O; L;;;;4;N;;;;;

09F8; BENGALI CURRENCY NUMERATOR ONE LESS THAN THE DENOM NATOR; No; O; L;;; ;N

Integer numeral values are not appropriate for characters that fundamentally represent fractions. For exam-
ple, &/ U+0B73 ORIYA FRACTION ONE EIGHTH and ¢ U+09F5 BENGALI CURRENCY NUMERATOR TWO are
used in the respective scripts to represent 's; however, the proposed Oriya character is assigned the numeric
value %, while the Bengali character possesses the numeric value 2.

If the differences between the three similar Oriya and Bengali are insufficient to encode the Oriya signs
separately, it might be recommended that the numeric properties of the Bengali currency numerators be
redefined; for example, the numeric value of BENGALI CURRENCY NUMERATOR ONE should be changed
from 1 to Vi, 2 to Y%, etc. The drawback is that BENGALI CURRENCY NUMERATOR ONE LESS THAN THE
DENOMINATOR would lose its implied generic value of n-1 (it presently lacks a numeric value) and would
take the specific value of %. As a result, the name of the character would not match its numeric properties.
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100 NUMERATION OURIYA.

.| VALEURS. CHIFFRES. | VALEURS.

85 . N 93 téydnabé,

d ¥ ol tchourdnabé,
d;& 95 paiitchdnabé.
tw 96 | tchhaydnabé.
| o
N | o8 | athdnabe.
L eyt

gaye.

AUTRES NOMBRES PLUS ELEVES.

sahasr, hadjdr.. mille; mahdkharb. . 1 suivi de treize 2éros;
ayoul........ dix mille; caiikh. . .... 1 ..., quatorze zéros;
lakeh........ cent mille; mahdgankh.. 1 ..... quinze 2éros;
niyouts.. . . ... 1 suivi de six 2éros; hdhd.. .. ... 1 eiane seize 2éros;
kotid.. . ...... Loenen. sept zéros; | mahdhdhd... 1 ..... dix-sept zéros;
arboud. ...... feenenn huit zéros; | dhoddl...... 1 ..., dix-huit zéros;
mahdrboud [ S neuf véros; | mahddhoul... 1 ..... dix-neuf zéros ;
padma. ...... RPN dix zéros; | akchohint.... 1 ..... vingt zéros;
mahdpadma F I onge 2éros; | mahdkchéhint. 1 .. ... vingt et un 24-
kharb........ Leeoane douze zéros; ros.
FRACTIONS
L pdé ou pdddould ; ‘ Y 11 dedh;
Y : adh, ardh, arek; 7‘{9%«#&.
+ paounou ou tinpdé;

Figure 1: Signs for the Oriya quarter fractions shown in Exposé des signes de numération, a refer-
ence manual for number systems (from Pihan, 1860: 100).
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Fractions.

The leading principle of Oriya arithmetie, to divide
by four rather than any other number, pervades also
the system of fractions.

| means one quarter of the unit, rapee, or maund.

1 ,, two quarters.

4 ,, three quarters.

/ , one fourth of a quarter, or one sixteenth of

the unit,

o , two sixteenths,

w , three sixteenths,

Figure 2: The six Oriya fraction signs depicted in First Lessons in Oriya (from Young, 1935: 203).

Fractions.

Qi4 or QI, a quarter, is thus represented ... |
o, ucy, us, ueew, half ... ... e e 9
UG CR, or OR4l, three-quarters ... “
¢99, one and a half e 49
o9IQ, two and a half .., . L

These are irregular. In all other cases a quarter more than
~» even number is expressed by prefixing aQa, to the number; a
half by prefixing 4i¢9; and three-quarters by prefixing aqee to
the even number. Ezam, qQa o, three and a quarter; Q9
€@, three and a half; aqee @, three and three-quarters, viz., a
quarter less than four,

Fractional parts are generally expressed by dividing the Rupee
into sixteen annas or parts, FEram. Q19 4©al, seven annas, or
seven-sixteenths; Q@ @a1, ten annas, or ten-sixteenths.

The signs are as follow :—

W & I W Wl 1Y Y Y 4 Y Y Y L

1 1 3 t 5 6 g7 r 9 1o 11 3 13 14 15 1
16 8 16 3§ 16 16 16 2 16 16 16 4 16 16 16

Figure 3: Specimen from The Concise Oriya-English Dictionary illustrating the Oriya notation for
the base-16 fractions (from Grundy, 1928: 11). The text is the same as the description given for
fractions in Sutton’s 1831 grammar (see Figure 4), but the font used is different.
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( 86 )

FRACTIONS.

a9 or a@ar, is a quarter, and thus repre-

sented, soseovecssesrsnsssossassssss |
o, 93, GGLK, is half, +.e..s certreriiee Y
8ge9 , or g\ﬁﬂl\?, 1s three quarters, ...... o
G8%,isoneand a half, .o vv'iieiveeivas - €Y
°g(®@, twoand a half, ....cooiivaiiins 9y

These areirregular. In all'other casesa quar~
ter mere than an even number is expressed, by
prefixing €84 to the number; a half, by pre-
fixing €{CS ; and three quarters, by prefixing
897 or Gele, to the next even number. Exam.
a@qoﬂ three and a quarter, 4Ic88a three
and a half ElQa_SI%) three and three quarters,
viz. a quarter less than four. -

Fractional parts:are generally expressed by
dividing the Rupee into sixteen Anas, or parts.
Exam. CICEAR seven Anas,ldr seven-éixte,entlls;
§<9AT ten Anas, or ten-siXteenths. “

Figure 4: Specimen from An Introductory Grammar of the Oriya Language showing signs for the
Oriya quarter fractions (from Sutton, 1831: 56).



