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AMENDMENT NO. 1 FEBRUARY 1997
TO
IS 2:1960 RULES FOR ROUNDING OFF
NUMERICAL VALUES

{ Revised )

( Page 3, clause 9.4 ) — [nsent the following after first entry:

IS 189%) ( PARTO ) : 1995ASO 31-0: 1992 QUANTITIES AND UNITS - PART O
GENERAL PRINCIPLES ( FIRST REVISION )

( Page 8, clause 3.3 ) — Insernt the following new clause after 3.3:

““34 The mles given in 3.1, 32 and 3.3 should be used only if no specific
criteria for the selection of the munded number have to be taken into account, Ja—

) ificall enti i th . _{ \ A
roundinoncdirection. See amendment No. 3




Amend No. 1 to IS 2: 1960
4) * requiremcey for Impact-A ion for Protegtive Helmets for
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AMENDMENT NO. 3 AUGUST 2000
TO
IS 2:1960 RULES FOR ROUNDING OFF
NUMERICAL VALUES

( Revised )

( Page 5, clause 3.1, para 1 ) — Substitute the first sentence for the
following:

‘In case the fineness of rounding is unity in the last place retained, the following
rules (except in 3.4) shall be followed:*

( Amendment No. 1, February 1997, clause 34 ) — Substitute the second
sentence for the following:

‘In all cases, where safety requirements or prescribed limits bave to be respected,
rounding off should be done in one direction only.’

(Ammdna(t No. 1, February 1997, clause 3.4 ) — Delete sll the examples
given under this clause,

( Amendment No. 2, October 1997 ) — Delete this amend ment.

(MSD3)
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Indian Standard

RULES FOR ROUNDING OFF
NUMERICAL VALUES

( Revised )

0. FOREWORD

0.1 This Indian Standard ( Revised ) was adopted by the Indian Standards
Institution on 27 July 1960, after the draft finalized by the Engincering
Standards Sectional Committee had been approved by the Engincering
Division Council.

0.2 To round off a value is to retain a certain number of figures, counted
JSrom the left, and drop the others 5o as to give a more rational form to the
value, As the result of a test or of a calculation is generally rounded off
for the purpose of reporting or for drafting specifications, it is necessary to
prescribe rules for ‘ rounding off * numerical values as also for deciding on
‘ the number of figures ' to be retained.

0.3 This standard was originally issued in 1949 with a view to promoting
the adoption of a upiform procedure in rounding of numerical values.’
However, the rules given referred only to unit fineness of rounding ( see 2.3 )
and in course of years the need was felt to ibe rules for rounding
off numerical values to fineness of rounding than unity, Moreover,
it was also felt that the discussion on the number of figures to be retained as
given in the earlier version required further elucidation, The present revision
13 expected to fulfil these needs. IS 1890 (Part0) : 1995/ISO 31-0 : 1992 Quantities
. . and units : Part 0 General Principles (First Reyision)
0.4 In preparing this standard, reference has been made to the following:
1S:787-1956 Guioe ror Invzr-Coxversion or VALUES rroM One
Svsrem or Unirs To AvoTeER. Indian Standards Institution.
B.S, 1957 : 1953 PresentaTiON OF NuMzRicAL VALues ( Finsness or
Exrresston; Rounoine or Nussess ).  British Standards Insti-
tution.
AuzricAN Stanparp Z 25.1-1940 Rures ror Rounoine Orr
Nusmericat Varues. American Standards Association.
ASTM DzsionaTion : E 29-50 Recoumenpep Pracrice ror Deno-
NATING StoNIFICANT Praces v Sesomrizp Varvss. American
Society for Testing and Materials.
Jauzs W, Scansorovon. Numerical Mathematical Analysis. Balti-
more. The John Hopkins Press, 1955,

3



18:2.190
1. SCOPE

1.1 This standard prescribes rules for rounding off numerical .values for the
purpose of reporting results of a test, an analysis, a measurement or a cal-
culation, and thus assisting in drafting specifications. [t also foakes recom-
mendations as to the number of figures that should be retained in course
of computation.

2. TERMINOLOGY
2.0 For the purpose of this standard, the following definitions shall apply.

2.1 Number of Decimal Places — A value is said to have as many
decimal places as there are number of figures in the value, counting from the
first figure after the decimal point and ending with the last figure on the right,

Examples:
Value Decimal
0029 50
210295
2 000000 001
291-00
1032 x 10¢
( see Note 1) _
Novs | — For the purp we of this st'ndard, theuru.o- 10-32 x 10% should be
taken 10 consist of two parts, the value proper which is 10°32 and the unit of expremion
for the value, 108,
2.2 Number of Significant Figures — A valuc is said to have as man
significant figures as there are number of significant digits ( see Note 2
in the value, counting from the left-most non-zere digit and ending with the
right-most digit in the value.

Examples:

]

NN

Vaiue Significant Figures
0029 500 5
00295
10029 5
2 000+000 001 1
56770
567 700
56:77 x 10*
- 0056-770
3900
( ses Note 3 )
Nors 2 — Any of the d I Ny S 9 occurring in a value shall be a
ficant digit(s); and zero o a significant digit only it iy preceded by somc

4
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otberdiﬁt(mo:?ung‘ zeros ) on ju lefl. When appearing in the af 10 1o indieate
the magnitude theunns)n!lwcmofav-lm,um il not be a significant

Norx 3 — With a view to removing any ambiguity regarding the significance of the
zeros at the end in a value like 3 900, it would be always dexivable 10 write the value in
the power-of ten notation.  Far exampie, 3 900 may be written as 39 x 109, 390 x 103
or 3900 X 109 depending upon the lass figurc(s) in the valur 0 which it is desired to
mpart significance.

2.3 Fineness of Rounding — The unit to which a value is rounded off.

For example, a value may be rounded to the nearest 0-000 01, 0-000 2,
0000 5, 0°001, 0-002 5, 0-005, 0-01, 0007, 1, 2°5, 10, 20, 50, 100 or any
other unit depending on the fincness desired.

3. RULES FOR ROUNDING

3.0 The rule usually followed in rounding off a value to unit fineness of
rounding is to keep unchanged the last figure retained when the figure next
beyond is less than 5 and to increase by | the last figure retained when the
figure next beyond is more than 5. There is diversity of practice when the
figure next beyond the last figure retained s 5. In such cases, somne com-
puters ' round up ', that is, increase by |, the last figure retained: others
* round down ’, that is, discard everything beyond the last figure rerained,
Obviously, il the retained value is always * rounded up ' or always * round-
ed down’, the sum and the average of a serics of values so rounded will
be larger or smaller than the corresponding swin or average of the unropnd-
cd values.  However, if rounding ofl’ is carried ont in accordance with the
rules mated in 3.1 in one step ((se¢ 3.3 ), the sum and the average of the
rounded values would be more ncarly correct than in the previous cases

( see Appendix A ).

3.1 Rounding Off to Unit Fineness — In case the ineness of rounding is
unity in the last place retained, the ollowing rules nhal};bc followed:

(except in 3.4)
~ Rule I — When the ligure next beyond the last Eéfnp:r or place t
be retained is less than 5, the figure in the last place retained shall be

left unchanged.
Rule 11 - When the figure next beyond the last figure or place

to be retained is more than 5 or is 5 followed by any fligures other
than zeros, the figure in the last place retained shall be increased

by 1.

Rule 111 -~ When the figure next beyond the last figure or place
to be retained s 5 alone or 5 followed by zeros only, the figure in the
last place retained shall be (a) increased by 1 if it is odd and (b) left
unchanged if even ( zero would be regurded as an even number for

this purposc ).
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o Tam examples illustrating the application of Rules I to I1I are given

TABLE 1 EXAMPLES OF ROUNDING OFF VALUES TO UNIT FINENESS

Vavue '.IIIUAQ Rouwomg
1 01 001 0-001

r Ao N T . - e e A ——

Rounded Rule Rounded Rule Rounded  Rule Kounded Rule

Value Value Value Value
7:260 4 7 1 7.3 1 7.26 1 7.260 1
14725 15 u 147 1 1472 i) 14725 -
3455 3 1 3.5 n 3.46 I1I(a) 3456  —
13545001 14 1 195 1 1355 1 13-545 1
8725 9 u 87 1 872 D O 7 & —
19205 19 | 19-2 1 1920 111{b) 19-205 -~
0-5499 1 I 05 I 0.55 i 05% 11
0650 1 1 " 07 In 0.65 1 0-650 1
0-049 50 0 I 00 1 005 1 0050  11l{a)

3.1.1 The rules for rounding laid down in 3.1 may be extended to apply
when the fineness of rounding is 010, 10, 100, | , ¢tc. For example,
243 when rounded to fineness 0°10 becomes 2'40.  Similarly, 712 and 715
when rounded to the fineness 10 become 710 and 720 respectively.

3.2 Rounding OfT to Fineness Other than Unity — In case the fincness
of rounding is not unity, but, say, it is n, the given value shall be rounded
off according to the following rule:

Rule 1V — When rounding to a fineness n, other than unity, the
given value shall be divided by s. The quotient shall be rounded off to
the nearest whole number in accordance with the rules laid down
in 3.1 for unit fineness of rounding. The number so obtained, that
is, the rounded quotient, shall then be multiplied by » to get the final
rounded value.

Some examples illustrating the application of Rule IV are given in

Table II.

N C—Wrubfwmdinmvﬂum- fineness of rounding, n, may also
hl:::dhlinewuhthmhm ofmndzg(m&l)ufolm

Divide the given value n so that an integral quotient and a remainder are
Bl o e vadar e s filloniing munemer:
a) If the remainder is lem than n/2, the value shall be rounded down such that
the rounded value is an integral multiple of n.

6
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b) If the remainder is greater than nf2, the value shall be rounded up such
that the rounded value is an integral multiple of . .

¢) If the remainder is exactly equal to af2, that rounded value shall be chosen
which is an integral multiple of 2e.

TABLE I EXAMPLES OF ROUNDING OFF VALUES TO FINENESS
OTHER THAN UNIT

A .
Varue :mu?: Quoresy Rouxoen hm‘.l,. Aﬁo’:‘mo
[t)] (2) (3)=(1)/(2) (%) (5)~(2) x(4)
1.647R 02 8239 8 1.6
2270 02 13-3 4 28
24968 03 83227 8 24
175 05 35 4 290
0687 21 007 98173 10 070
04875 007 12:5 12 084
325 50 65 6 3 xioz
102% 50 20-5 20 10 x 100

3.2.1 Fineness of mounding other than 2 and 5 is seldom called for in
practice. For these cases, the rules for rounding may be stated in
simpler form as follows:

a) Rounding off to finencss 50, 5, 05, 0-05, 0005, etc.

Rule V— When rounding to 5 unirs, the given value shall be
doubled and rounded off to twice the required fineness of rounding in
accordance with 3,1.1, The value thus obtained shall be halved to
get the final rounded value,

For example, in rounding off 975 to the nearest 50, 975 is doubled

iving 1 950 which becomes 2 000 when rounded off to the nearest 100; when

5000 is divided by 2, the resulting number 1 000 is the rounded value of
073.

b) Rounding off to fineness 20, 2, 0-2, 002, 0-002, etc,

Rule VI—-- When rounding to 2 units, the given value shall be
halved and rounded off to hall the required fineness of rounding in
accordance with 3.1, The value thus obtained shall then be doubled
to get the final rounded value.

For example, in rounding off 2:70 to the nearest 0-2, 2:70 is halved
fiving 1:35 which becomes 1'4 when rounded off 1o the nearest 0°1; when
“4 is doubled, the resulting number 2°8 is the rounded value.

7



IS :2- 1960

3.3 Successive Rounding — The final rounded value shall be obtained
from the most precise value available in one step only and not from a scries
of successive roundings. For example, the value 00549 9, when rounded to
one significant figure, shall be written as '5 and not as 0'6 which is obtained
as a result of successive roundings to 00550, 0°55, and 06, It is ocbvious that
the most precise value available is nearer to 05 and not to 06 and that
the error invalved is lcss in the former case.  Similarly, 04650 I shall be
rounded off to 0'7 in one step and not successively to 0-650, 0065 and 06,
since the most precise value available here is nearer to 0°7 than to 06
( see also Table 1 ).

Note 5 — In those cases where a final rounded value terminstes with 5 and itis
intended to use it in further computation, it may be helpful to use a “¢* or ‘" sign after
the final 5 to indicate whether a subsequent rounding should be up ar down. “Thus
3214 7 may be written as 3215 when rounded 10 2 fineness of rounding 0-001. If
further rounding to three significant figures i demired, this number would be rounded
down and written as 3-21 which 1s in error by lers than half a unit in the last place;
otherwise, rounding of 3-215 would have yielded 3-22 which & in error by more than half
& unit in the Jast place.  Similarly, 3205 4 enuld be written as 3205+ when rounded
to 4 mguificant ggu:u. Further rounding to 3 significant figures would yield the
value as 321,

In case the final 5 is obtained exactly, it would be indicated by leaving the 5 as such
without using “+" or =" sign. In subsequent rounding the 5 would thea be treated in
accaordance with Rule I11, 3.4 The rules given in 3.1, 3.2 and 3.3 should be used if no specific criteria for

the selection of the rounded number have to be taken into account. In all cases, where safety requirements or prescribed
limits have to be respected, rounding off should be done in one direction only.

4. NUMBBR OF FIGURBB TO BE RETAINED&WWW]

4.0 Pertinent to the application of the rules for rounding off is the under-
lying decision as to the number of figures that should be retained in a given
lem. The original values requiring to be rounded off may arisc as a
result of a test, an analysis or a measurement, in other words, experimental
results, or they may arise from computations involving several steps.

4.1 Experimental Results — The number of figures to be retained in an
experimental result, cither for the purpose of reporting or for guiding the
formulation of specifications will depend on the signih’iancc of the figures
in the value. This aspect has been discussed in detail under 4 of [S: 787-
1956 to which reference may be made for obtaining helpful guidance.,

4.2 Computations — In computations involving values of different
accuracies, the problem as to how many figures should be retained at various
steps assumes a special significance as it would affect the accuracy of the
final result. The rounding off error will, in fact, be injected into computation
every time an arithmetical operation is performed.  Itis, therefore, necessary
to carry out the romputation in such a manner as would obtain accurate
results consistent with the accuracy of the data in hand.

4.2.1 While it is not possible 1o prescribe details which may be followed
in computations of various types, certain basic rules may be recommended
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for single arithmetical operations which, when followed, will save labour
and at the same time cnable accuracy of original data to be normally
maintained in the final answers.

4.2.2 As a guide to the number of places or figures to be retained in the
calculations involving arithmetical operations with rounded or approximate
values, the following procedures are recommended:

a) Addition ~— The more accurate values shall be rounded ofl so as to
retain one more place than the last significant figure in the least
accurate value, The resulting sum shall then be rounded off to
the last significant place in the least accurate value.

b) Subtraction — The more accurate value ( of the two given values )
shall be rounded off, before subtraction, to the same place as the
last significant figure in less accurate value; and the result shall be
reported as such ( see also Note 6 ).

c) Multiplication and Diwision - The number of significant fiywres
retained in the more accurate values shall be kept one more than
that in the least accurate value. The result shall then be rounded
ofl to the same number of significant igurcs as in the least accurate
valuc,

d) When a long computation is carried out in several steps, the inter-
mediate results shall be properly rounded at the end of cach step
s0 as to avoid the accumulation of rounding errors in such cases.
It is recommended that, at the end of cach step, one more signi-
ficant figure may be retained than is required under (2), (b) and
(c) ( see alse Note 7 ).

Nove & — The lues of the scifniﬁull figurcs in the subtraction ol two ucarly equal
values is the greatest 3o wee of inaccuracy in most compulations, and it forms the
weakest link in a chain computation where it occurs.  Thus, if the values 00169 52 and
0168 71 are cach corcect to five significant figures, their difference 0°000 81, which has
only two significant figures. is quite likely to introduce inaccuracy in wihsequent
computation.

1f, however, the differcnce of two values is desired to be correct 1o L gignificant figures
and if it is known beforehand that the first m significant figures at the Jeft will dea
by subtraction, then the number of sgnificant figures v be retainmd in cach of the
values shall be m + & ( soe Example 4),

Nore 7 — To ensure a er degree of accuracy i the cumputations, it is alsn
desirable w0 avoid or deler .o long a3 possible certain approximation operations like
that of the division or square root. For example, in the dutermination of suerose by

volumetric method, the expeenion 202 sé--{—;'-) may be better evaluatod by taking

gy
ia caleulations! form a3 20w ( - Il which would defer the division
watil the last operation of the c'nlcﬁn‘}-m 45 e 2a ! e

9
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4.2.3 Examples

Example |
Required to find the sum of the rounded ofT values 46132, 3816,
76°85% and 4746 2,

Since the least accurate value 3816 is known only to the fist decimal
place, all other values shall be vounded off to one more place,
that is, to two decimal places and then added as shown below:

46132
3816

76-85

475

92452

The resulting sum shall then be reported to the same decimal place
as in the least accurate value, that is, as 9245,

Example 2

Required to find the sum of the values 26 490, 94, 657°32, 59 500
and 76 939, assuming that the value 39 500 is known to the
nearest hundred only.

Since one of the values is known only to the nearese bundred, the
other values shall be rounded off 10 the nearest ten and then
added as shown below:

2849 x 10
89 x 10
66 x 10

3950 x 10

7694 x 10

- e ——— —

14 648 x 10
‘The swm shall then be ted tn the necarest hundred as
1465 % 100 or even as 1465 ¢ 104,

Example 3

Required to find the difference of 6798 and 76365, assuming that
each number is known to its last figure but no farther.

10
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Sinee one ol the values iy known to the first decimal place only, the
other valuc shall also be rounded off to the first decimal place
and then the difference shall be found.

679-8
764

- ——

6034
The difference, 6034, shall be reported as such,
Example 4
Required to evaluate V252 — vZ30 correct to five significant
figurcs.
Since V2°52 = 1:587 430 79
VZE0 = 1577973 36

and three significant figmes ar the left will disappear on sub-
traction, the number of significant figures retained in each valuc
shall be 8 as shown below:

1587 450 &
1'577 973 4

0-009 477 4

The rvesult, 0009 477 4, shall be reported as such | or as
D477 4 » 1073,

Eaample

Required to evaluate 35°2/v'Z, given that the numerator is correct
10 its last figure.

Since the numcrator here is correct to three significant figurcs, the
denominator shall be taken as V2 = 1'414. Then,

13:;;‘21 o 2480

and the resnlt shall be reported as 249,
Example 6
Required to evaluate 3-78x/5°C, assuming that the denominator is
true to only two significant figures,
Since the denominator here is corrrect to two significant tigures, each
number in the numerator would be taken up to three significant

11
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figwures. Thus,
378 x 314
57

The result shall, however, be reported as 2°1.

= 2-08.

APPENDIX A
( Clause 3.0)
VALIDITY OF RULES

A-1. The validity of the rules for rounding off numerical values, as given
in 3.1, may be seen from the fact that to every number that is to be * rounded
down ' in accordance with Rule I, there ¢ onds a number that is to
be * rounded up ' in accordance with Rule Il. Thus, these two rules cstab-
lish a balance between rounding ‘ down ' and ‘up’ for all numbers other
than those that fall exactly midway between two alternatives, In the latter
case, since the figure to be dropped is exactly 5, Rule 111, which specifics that
the value should be rounded to its nearcst even number, implies that rounding
shall be “ up " when the preceding figuresare 1,3, 5, 7, 9 and * down " when
they are 0, 2, 4, 6, 8. £ule IIT hence advocates a similar balance between
rounding ‘up ’* and ‘ down ' ( see also Note 8 ). This implies that if the above
rules are followed in a large group of values in which random distribution of
figures occurs, the number * rounded up * and the number * rounded down *
will be nearly equal. Therefore, the sum and the average of the rounded
values will be more nearly correct than would be the case if all were rounded
in the same direction, that is, either all *up’ or all * down*.

Norz & ~ From purely logical considerations, a given value could have as well been
rounded to an odd number ( and not an even number as in Rule [11 ) when the discard-
ed fgures fall exactly midway between two aliernatives. But there is a pracuical
aspect 1o the matter. The rounding off a value o an even number facilitates the
division of the rounded value by 2 and 1he result of such division gives the correct
s i e et v S e S

exact. v man
( M’d ) odd vtlcﬂ Y
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Patiputra Industrial Estate, PATNA 800013 226 2808
Plot Nos. 857-660, Market Yard, Gultkdi, PUNE 411037 2427 4804
*Sahajanand House® 3% Floor, Bhaktinagar Circle, 80 Feat Road, 237 8251
RAJKOT 360002
T.C. No. 27275 (1 & 2), Near Foed Corporation of India, Xesavadasapuram-Ulloor Read,
Kesavadasapuram, THIRUVANANTHAPURAM 695004 256 7914
1* Floor, Udyog Bhavan, VUDA, Siripuram Junction, VISHAKHAPATNAM-03 271 2833

*Sales Office is at 5 Chowringhee Approach, PO. Princep Street. KOLKATA 700072 355 3243
tSales Office (WRO) Piot No. E-9, MIDC, Rd No. B, Behind Telephone Exchange,
Andheri (East), Mumbal-400 0093 2832 9295
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