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S| prefixes NPLE
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" pm (picomEtre), Factor Name Symbol Factor Name Symbol
mmol (millimole)} 10' deca da 10" deci d
: 10° hecto h 1072 centi c
GQ (g'gaOhm)t THz 10’ kilo k 107 milli m
(terahertz), etc 10° mega M 10° micro n
_ 10’ giga G 107 nano n
" Part Of the SI, use IS 10" tera T 107" pico p
. 15 ~15 . .
OpthnaI ]Um peta P IO_w femto f
10 exa E 10 atto a
"= Clear 10" zetta z 107 zepto z
10* yotta Y 10 yocto y

communication
across disciplines

" Guards against creation of local units
= Sit alongside scientific notation, but arguably more useful



Possible extension of the available range of Sl prefixes @ INPLE

Drivers of change

Progress in science
requiring coverage

of an expanded
range of magnitudes

Increasing usage in
communities where
prefix range is not fit
for purpose

‘ always present ‘

‘information technology ‘

National Physical Laboratory

Ensuring unofficial
names do not
become de facto
adopted
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= Data storage — and the non-Sl unit
‘byte’ — needs prefixes in excess of
10%4, especially with advent of

abytes

120

100

Zet

80
60

guantum computing 40
10° :
: 10°
% 10° | = An area where the popular science
% media is active
S T I = Yottabyte(s) (412k Google hits),
- il IH In In I= | Brontobyte(s) (114k), Geopbyte(s)
s EeieEr il iz ik (60k), Hellabyte(s) (76k)
=% 09 mw 22 22 T3 RE €8 » |EC prefixes are used significantly less

Fig. 1. Approximate number of times prefixes combined with ‘bytes’ or ‘byte’
appear on Google Scholar between 1992 and 2017 (inclusive, not including patents
or citations); IEC prefixes (empty bars) and SI prefixes (shaded bars).



This discussion is
real, evolving and
happening now!

e conens HOW big is big?

Saganbyte, Jotabyte,...

Brontobyte

This will be our digital .
universe tomorrow...

Yottabyte

This is our digital universe today .
= 250 trillion of DVDs

@ Zettabyte

1.3 ZB of
ania
Exabyte ) 2016
1 EB of data is created on the internet each day = 250
million DVDs worth of information. The prog i Square
Kilometer Array telescope will generated an EB jat 1012
9
10
10°
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Supercomputing SEVERO Prof. Mat
Semter. . .. utecin  OCHOA o
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Word of the day: HELLABYTE — a proposed term for 10 to the power of 27
bytes (1,000,000,000,000,000,000,000,000,000), which is 'hell of a lot

bytes’.
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Expanding the range: current usage of symbols NPL
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English alphabet Use in SI prefixes or SI units Other non-SI units or symbols
Lower case Upper case

a, A atto ampere year (a)

b, B barn (b), bel (B), byte (B)

c, C centi coulomb

d,D deci, deca day (d), Dalton (Da)

e E exa electronvolt (eV)

f,F femto farad

g G gram giga

h, H hecto henry hour (h), hectare (ha)

i, square root of —1 (i), number one (1)

i) joule

k K kilo kelvin

I, L litre (1 & L), number one (1)

m, M milli, metre mega

n, N nano newton

0,0 octet (0), number zero (0)

p, P pico peta

a.Q

r, R rontgen (R)

s, S second siemens

t, T tera, tesla tonne (t)

u, U atomic mass unit (u), micro (1), uncertainty (u & U)

v,V volt

w, W watt

X, X multiplication symbol (x)

v, Y yocto yotta

z,Z zepto zetta

RJC Brown, Measurement, 137 (2019) 339-343



Expanding the range: etymologies of current prefixes NPL
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Etymology Sub-multiple Magnitude Multiple Etymology

Latin, decem = 10 deci 1 deca Greek, deka =10
Latin, centum = 100 centi 2 hecto Greek, hekaton = 100
Latin, mille = 1000 milli 3 kilo Greek, chiliol = 1000
Greek, micros = small micro 6 mega Greek, megas = large
Latin, nanus; Greek, nanos = dwarf nano 9 giga Greek, giga = giant
Italian, piccolissimo = very small pico 12 tera Greek, tera = monstrous
Danish, femten= 15 femto 15 peta Greek, pente =5
Danish, atten= 18 atto 18 exa Greek, hex =6

Latin, septem =7 zepto 21 zetta Latin, septem =7
Latin, octo= 8 yocto 24 yotta Latin, octo= 8

e Last expansion tothe range wasin 1991

RJC Brown, Measurement, 137 (2019) 339-343



xpanding the range: symbols and names

r, q & b are the only letters not generally in use
for other units or symbols

Previous conventions suggest loosely basing
names on Latin and Greek for 9 and 10

The choice of names is not actually critical,
although it seems so before it is made

The important decision is whether an
expansion to the system is required

There are no negative implications of an
optional usage addition to the Sl, only benefits

Contants lists availabla at Sciancalirsct

Measurement

journal homapags: www.slsavia r.com/locs ts/ma asuramant

On the nature of Sl prefixes and the requirements for extending the ) |

available range

Richard |.C. Brown '
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need i demonsiraied Consl deragons far produd ngnew names and symbals for 3 prefices ane discusesd
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L Introdwction

The temational System of Units (the 51) [1] provides the
warkl's only practical syst=m of coherent units of measurement.
The base and derived wnits of the 3 form a @her=nt s=t meaning
that when the units are used, equations between the numernical
values aof quantities take exacly the same form as the squations
hetween the quantities themselves When presenting measune.
meent results the value of 2 quantity, Q, s expresad as the produa
of a numerical value, [JL and a wnit, [J] thus:

Q=-{QiQ I
Far ease of expression and understanding it is generally pre.
ferred that the numernical value presented is between 0.1 and
1000 and il possible between 1 and 100 |2 One might refer to
these a5 human-scale” numbers ithat are sasy to relate to, conosp-
twalize and @wmmunicate. There are two ways to achieve this: the
e of scientific notation and the use of 5] prefixes. These methods
appear very similar, yet thers ane subtle but i mpontant differences
hetween the two notations. This article explares these differences
amd imvestigates what the drivers have been in the past for the
adoption ol new 31 prefixes. i goes on to consider whether these
ar other requirements should lead to adoption of new 31 prefixes
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in the near future. The article abo considers what suitable names
and symbals for future prefixes might be. To the best of the
authors knowledge no recent, senious studies considening the nat-
wre of 51 prefixes or providing a rationale o expand the available
range af 5] prefixes an= available in the litsrature.

2. Discussion
21. Coherence and the langunge of scimoe

Setting aside the expression of uncentainty requirsd with a
ThiEas ureEmient, consider:

The amount concemration of iron in  ambient air,
&= 000000127 mal fm?

This expression is umwieldy, posibly more so when spaken
ithan when written, and i open to misinberpretation beause of
ithe long series of zeros before the fist significant figure. There
are two ways to bring the expression afithe numerial valuswithin
01 and 100{; the use of scentific notation and e we of 5] pre.
fizes_As a result it i d samer and more helplul to express this mea.
surement as & ther:

a) The amowunt mneentration of iron in ambient  adr,
£ =127 « 107 maljm®. ar

b The amount cncentration of iron in  ambient air
€ =127 pmaljm®



Proposals for expanding the range NPLE
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power of 10°)

Submultiple | Name Symbol Etymology
o Greek & Latin, derived from ‘ennea’ and ‘novem’,
10~ ronto r . : . A3

suggesting 9 (minth power of 10°)
R Latin, derived from ‘decem’, suggesting 10 (tenth
107 quecto q o

power of 107)
Multiple Name Symbol Etymology
. Greek & Latin, derived from ‘ennea’ and ‘novem’.
10~ ronna R . . .

suggesting 9 (ninth power of 10°)
| Latin, derived from ‘decem’. suggesting 10 (tenth

= Further still? Bundecca (B) and bundecto (b) for 1033 and 1033




An alternative way forward? NPLE
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Suggestions for compound, or double, SI prefixes to extend the available range from

10* to 107,
Multiple Prefix name Prefix symbol .
- " Atime maycome
10° yottayotta YY
10" zettayotta ZY where even greater
10% exayotta EY . ]
10° petayotta PY range is required
10°° terayotta TY _
10°2 gigayotta GY = Ruling out other
10°" megayotta MY
10%7 kiloyotta kY character sets
Submultiple Prefix name Prefix symbol (machine reada b|||ty)
107 milliyocto my ] .
10" microyocto Ly u Only Opt|0n IS
10+ nanoyocto ny
1038 bicoyocto oy compound, or
1077 femtoyocto fy .
042 ttoyocto v double, prefixes
1074 zeptoyocto zy
107% yoctoyocto vy

RJC Brown, Measurement, 140 (2019) 237-239



Evolution of the SI — challenges of adoption NPLE
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change / replacement Higher risk

actions

Angle as
base

quantity

optional compulsory

Addition New

of S| ‘counting
prefixes units’

Lower risk

actions addition / extension



In conclusion — the questions posed NPLE
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1. Is extension to
the range of SI
prefixes required
currently?

2. Should the
extension be
small or large?

3b. Compound
prefixes — how to
implement?

oLl 3a. What should

Proposals
the symbols and P

made

names be?



