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Bi octal : Hexadecimal 2.0
Abstract

The prevailing hexadeci mal system was chosen for congruence with
groups of four binary digits, but its design exhibits an indifference
to cognitive factors. An alternative is introduced that is designed
to reduce brain cycles in cases where a hexadeci mal nunber shoul d be
readily convertible to binary by a human bei ng.

Status of This Meno

Thi s docunent is not an Internet Standards Track specification; it is
publ i shed for exam nation, experinental inplenmentation, and
eval uati on.

Thi s docunent defines an Experinental Protocol for the Internet
community. This is a contribution to the RFC Series, independently
of any other RFC stream The RFC Editor has chosen to publish this
docunent at its discretion and makes no statenment about its val ue for
i mpl ement ati on or depl oynent. Docunents approved for publication by
the RFC Editor are not candidates for any |evel of Internet Standard;
see Section 2 of RFC 7841.

I nformation about the current status of this docunent, any errata,
and how to provide feedback on it may be obtained at
https://ww. rfc-editor.org/info/rfc9226

Copyri ght Notice

Copyright (c) 2022 | ETF Trust and the persons identified as the
docunent authors. Al rights reserved.

Thi s docunent is subject to BCP 78 and the | ETF Trust’'s Lega
Provisions Relating to | ETF Docunents
(https://trustee.ietf.org/license-info) in effect on the date of
publication of this docunment. Please review these docunments
carefully, as they describe your rights and restrictions with respect
to this docunent.

Tabl e of Contents

1. Introduction
1.1. The Pernicious Advance of Hexadeci nal
1.2. Problens with Hexadeci nal
1.3. Oher Proposals
Bi oct al
oj ections to Be Disnissed
Security Considerations
| ANA Consi der ati ons
Concl usi on
. Informative References
Acknowl edgnent s
Aut hor’ s Addr ess

Noakwn

1. I nt roducti on



1.1. The Pernicious Advance of Hexadeci mal

Cctal has Iong been used to represent groups of three binary digits
as single characters, and that system has the considerable merit of
not requiring any digits other than those already famliar from
deci mal nunmbers. Unfortunately, the increasing use of 16-bit

machi nes and ot her machi nes that have word | engths that are evenly
divisible by four (but not by three) has led to the w despread
adoption of hexadecimal. Table 1 presents the digits of the
hexadeci mal al phabet.

=== ===+
| Value | Digit |
f ettty gy
I 0] 0 I
+----- - +----- - +
I 111 I
+------- +------- +
I 2| 2 I
+------- +------- +
I 313 I
+----- - +----- - +
I 41 4 I
+------- +------- +
I 515 I
+------- +------- +
I 6] 6 I
+----- - +----- - +
I 7|7 I
+------- +------- +
I 81| 8 I
+------- +------- +
I 91 9 I
+----- - +----- - +
I 10 | A I
+------- +------- +
I 1] B I
+------- +------- +
I 12 | C I
+----- - +----- - +
I 13| D I
+------- +------- +
I 14 | E I
+------- +------- +
I 15| F I
+----- - +----- - +

Table 1: The
Hexadeci nal Al phabet

The choi ce of al phabet is clearly arbitrary: On the exhaustion of the
decimal digits, the first letters of the Latin al phabet are used in
sequence for the remaining hexadecinmal digits. An arbitrary al phabet
may be acceptable on an interimor experinental basis. However,
given the dimnishing likelihood of a return to 18-bit conputing, a
review of this choice of al phabet is nerited before its use, like
that of the QAERTY keyboard, becones too deeply established to permt
the easy adoption of a nore logical alternative.

1.2. Problenms with Hexadeci nmal
One problemwi th the hexadeci mal al phabet is well known: It contains

two vowel s, and nunbers expressed in hexadeci nal have been found to
collide with words offensive to vegetarians and ot her groups.



I mposing a greater constraint on the solution space, however, is the
difficulty of nentally converting a nunber expressed in hexadeci nal
to (or from binary. Consider the hexadecimal digit 'D, for
exanple. First, one nust renmenber that 'D represents a value of 13
-- and, while it may be easy to recall that "F is 15 with all bits
set, for digits in the mddle of the non-deciml range, such as 'C
and 'D, one may resort to counting ("Ais ten, Bis eleven, ...").
Next, one nust subtract eight fromthat nunber to arrive at a nunber
that is in the octal range. Thus, the benefit of representing one
additional bit incurs the cost of two additional mental operations
before one arrives at the position where the task that renains
reduces to the difficulty of converting the remaining three digits to
bi nary.

These nental steps are not difficult per se, since a child could do
them but if it is possible to avoid enploying children, then it
shoul d be avoided. An appeal to the authority of cognitive

psychol ogy is perhaps also due here, in particular to the "seven plus
or minus two" principle [MIller] -- either because octal is within
the upper end of that range (nine) and hexadecimal is not, or else
because the difference in the size of the al phabets is greater than
the |l ower end of that range (five). Either way, it is al nost
certainly rel evant.

1.3. Oher Proposals

Various alternatives have al ready been suggested. Sone of these are
equal ly arbitrary, e.g., in selecting the last six letters of the
Latin al phabet rather than the first six letters.

The schene that comes closest to solving the main problemto date is
described by Bruce A. Martin [Martin] who proposes new characters for
the entire octal al phabet. While his principal nmotivation is to

di stingui sh hexadeci mal nunbers from decimals, the design of each
character uses horizontal lines to directly represent the "ones" of
the correspondi ng binary nunber, making nental translation to binary
a trivial task.

Unfortunately for this and other proposals involving new synbol s,
proposal s to change the US-ASCI| character set [USASCII] night no

| onger be accepted. Also, it seens unrealistic to expect keyboards
or printer type elenents (whether of the golf ball or daisy whee
kind) to be replaced to acconmpdat e new character designs.

2. Bioctal

Tabl e 2 presents the hexadeci mal al phabet once again, this tine in a
sequence of two octaves with values increasing left to right and top
to bottom

o e e e e e e e e e — o
| 0O 1] 2] 3] 4| 5] 6] 7]
s S
| 81 91 Al B| C| D| E| F|
S S

Tabl e 2: The Hexadeci mal
Al phabet in Sequenti al
Cct aves

Arranged thus, the binary representation of each digit in the second
octave is the sane as the digit above it, but with the nost
significant of the four bits set to "1 instead of 'O

The incongruity of two decimal digits in the second octave al so
suggests that, in blindly aligning with four bits, hexadeciml (six



plus ten, neither of which are powers of two) m sses an opportunity
to align also with three bits.

Bi octal restores congruence by replacing the second row with
characters menonically related to the correspondi ng character in the
first octave.

Table 3 shows the conpelling result.

S
| O 1| 2] 3] 4| 5] 6] 7]
e S SR
[ cl izl w|]f[|]s]b]| v]
S S

Table 3. Bioctal in
Sequential Cctaves

The mmenonic basis is the shape of the | owercase character. This is
seen directly for "2, '5", and '6’. For '3, "4, and '7', the
corresponding letters are the result of a quarter-turn clockw se
(assum ng an "open" '4’). The choice of "¢’ and 'j’ for '0" and 'Y
avoi ds vowel s and |owercase 'L', the latter being confusable with 'l
in some fonts

Wth this choice of letters, it is imediately evident that both
probl ems with hexadeci mal are solved. Mental conversion is now
straightforward: if the digit is a letter, then the nost significant
of the four binary bits is "1, and the remaining three bits are the
same as for the Arabic nuneral with the same shape in the first

oct ave.

oj ections to Be Disnissed

Several objections can be anticipated, the first of which concerns
the nane. The term"bioctal" is already used to refer to the

combi nation of two octal characters into a single field on, for
exanpl e, paper tape (e.g., [UNIVAC]). However, if the word "bioctal"
must be di sadvantaged relative to words such as "biannual" in the
nunber of neanings it is allowed to have, then it is the paper tapers
who must give way: in that context, the "octal" part of "bioctal"
refers to the nunmber of distinct values that three bits can have,
while the "bi" refers to a doubling of the nunmber of bits, not

val ues. A neani ng dependi ng on such a discordant etynol ogy does not
deserve to endure.

Second, it may be argued that the use of hexadeci nal has already
becone too entrenched to be changed in the short term Bioctal should
be introduced only after those working in the industry who have grown
accustonmed to hexadeci nal have retired. Such a dilatory contention
cannot be allowed to inpede the march of progress. |Instead, any data
entry technician who clains to have difficulty with bioctal nmay be
reassigned to duties involving only binary nunbers.

A third possible objection is that nunbers in bioctal do not sort
nunerically. However, this assunes a sort based on the US-ASCI
order of synbols; it is quite possible that bioctal nunbers sort
naturally in sone | esser known variety of EBCDIC.  Further,
resistance to nuneric sorting may be an indicator of virtue, being
suggestive of an al phabet with a certain strength of character.

One difficulty remains: Not all conputers support |owercase |letters.
While this is indeed true, it should be confirned in any particul ar

i nstance: the author has observed that in many cases a nmachi ne having
a keyboard with buttons marked only with uppercase letters al so
supports |l owercase letters. |In any case, it is pernmissible to use



uppercase letters instead of the | owercase ones of Table 3; the
nor phol ogy menoni ¢ continues to work for nobst bioctal digits in
uppercase, although an extra nental cycle is required for 'B

4. Security Considerations

The letters 'b’ and 'f’ appear in both the bioctal and hexadeci mal

al phabets, which nakes potential msinterpretation a concern. A case
of particular hazard ari ses where two enbedded systens engi neers work
to develop a mniature lizard detector designed to be worn like a
wistwatch. One engineer works on the lizard proximty sensor and
the other on a mninml two-character display. The interface between
the circuits is 14 bits. To nake things easier, the engi neer working
on the display arranges for these bits to be set in a pattern that
allows themto be used directly as two seven-bit US-ASClI| characters
i ndicating the nost significant lacertilian species detected in the
vicinity of the device. Due to the use of an old US-ASCI| table
(i.e., one in hex, not bioctal) and human error, sone of the val ues
specified as outputs for the detection subsystemare in hexadeci nal,
not the bioctal the engi neer devel opi ng that subsystem expects --
including, in the case of one type of lizard, "4b 4f". The result is
that the detector displays "NL" (No Lizards) when it should display
"KO' (Konodo dragon). This may be considered prejudicial to the
security of the user of the device

Ext ensi ve research has uncovered no other security-rel ated scenarios
to date.

5. | ANA Consi derati ons
Thi s docunent has no | ANA acti ons.
6. Concl usion

Bi octal is a significant advance over hexadeci mal technol ogy and
promi ses to reduce the small (but assuredly non-zero) contribution to
ant hr opogeni ¢ gl obal warm ng of nental hex-to-binary conversions.
Since the mmenoni ¢ basis of the al phabet is independent of English or
any other particular natural |anguage, there is no reason that it
shoul d not be adopted i nmedi ately around the world, excepting perhaps
certain islands of Indonesia to which _Varanus konodoensis_ is
native.
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