THE NEMETH BRAILLE CODE
FOR MATHEMATICS
AND SCIENCE NOTATION
1972 REVISION

Compiled Under the Authority of the
AMERICAN ASSOCIATION OF WORKERS FOR THE BLIND
ASSOCIATION FOR EDUCATION OF THE VISUALLY HANDICAPPED
and the |
NATIONAL BRAILLE ASSOCIATION

Adopted January 20, 1972
by the
AAWB-AEVH-NBA ADVISORY COUNCIL TO THE BRAILLE AUTHORITY

AMERICAN PRINTING HOUSE FOB THE BLIND
P.O. Box 6085

Louisville, Kentucky 40206-0085
1987




CONTENTS

Page
FOREWORD TO 1972 REVISION v
ORIENTATION (§1-§4) 1
RULES
RULE I--BRAILLE INDICATORS (§5-§6).....
RULE II-—-NUMERIC SIGNS AND SYMBOLS (§7-§19)
RULE II—CAPITALIZATION (§20-§22) ... 20
RULE IV—ALPHABETS (§23-§30) 21
RULE V—TYPE FORMS (§31-§35) ... 36
RULE VI—PUNCTUATION SIGNS AND SYMBOLS (§36-§45) 41
RULE VII-REFERENCE SIGNS AND SYMBOLS (§46-§48) 52
RULE VIII—ABBREVIATIONS (§49-§54) 54
RULE IX—CONTRACTIONS AND SHORT-FORM WORDS (§55-§56) 62
RULE X—OMISSIONS (§57-§59) 70
RULE XI—CANCELLATION (§60) 73
RULE XII—FRACTIONS (§61-§70) 75
RULE XIII—SUPERSCRIPTS AND SUBSCRIPTS (§71-§84) 2 82
RULE XIV-—MODIFIERS (§85-§102) 97
RULE XV—RADICALS (§103-§105) _ 108
RULE XVI—SHAPES (§106-§115) 110
RULE XVII—FUNCTION NAMES AND THEIR ABBREVIATIONS (§116-§119) 118
RULE XVIII--SIGNS AND SYMBOLS OF GROUPING (§120-§128) 122
RULE XIX—SIGNS AND SYMBOLS OF OPERATION (§129-§138) 128
RULE XX-—SIGNS AND SYMBOLS OF COMPARISON (§139-§151) 134
RULE XXJ—ARROWS §152-§158) 145
RULE XXII—-MISCELLANEOUS SIGNS AND SYMBOLS (§159-§176) 152
RULE XXIII—MULTIPURPOSE INDICATOR (§177) ' 158
RULE XXIV—SPATIAL ARRANGEMENTS (§178-§184) 160
RULE XXV-—FORMAT (§185-§195) 184
APPENDICES
APPENDIX A—COMBINATIONS OF TYPE-FORM, ALPHABETIC, AND CAPITALIZATION INDICATORS ..o 208
APPENDIX B—INDEX OF BRAILLE SYMBOLS 209

INDEX 248

III




v

FOREWORD TO 1972 REVISION

LS

THE NEMETH CODE OF BRAILLE MATHEMATICS AND SCIENTIFIC NOTATION, 1965 initiated sound principles and
procedures for the presentation of braille equivalents for the complex signs and configurations of ink-print mathematical and scientific
notation. The effectiveness of the Code has been amply demonstrated through its application by transcribers in producing a wealth of
technical material to meet the requirements of students at all levels of educational pursuits.

At the time of publication, it was apparent that the Code would require further updating and refinement in order to assure the
faithful transference from ink print to braille as new modes of scientific notation were introduced. As was anticipated, problems in inter-
pretation and clarity were encountered when the Code was put into actual use. The comments, criticisms and suggestions from students,
teachers and transcribers were taken under consideration in the revision of the Code.

Under the able tutelage of Dr. Abraham Nemeth, the members of the AAWB-AEVH Braille Authority and its Advisory Commit-
tee on Mathematical and Scientific Notation entered upon a joint effort in bringing forth a Revised Code which could withstand the test
of use and time. As work progressed, however, it became increasingly evident that, because of the complexity of the subject matter and
because of the many techniques employed by authors and publishers, substantial research would be required in expanding the Code to its
fullest effectiveness. In recogmition of this fact, the national Advisory Council to the Braille Authority applied for a planning grant from
Social and Rehabilitation Services of the Department of Health, Education, and Welfare. The American Printing House for the Blind
was designated as the recipient of the grant, known as the “Braille Codes Pilot Project”, which is geared to bring into focus the need for
fuller research in all braille codes. Upon the basis of this study, application for a research grant will be made and, if approved, all braille
codes will be considered in detail in the endeavor to bring them to maximum completeness and efficiency.

The 1972 revision of THE NEMETH BRAILLE CODE FOR MATHEMATICS AND SCIENCE NOTATION provides students and
transcribers with a well-drawn, logical system of braille notation which insures a faithful presentation of signs and usages employed in
technical texts. The changes which have been incorporated will convey to the reader a realistic picture of the ink-print text and will
equip the transcriber with the necessary signs and rules of procedure for a more exact braille transcription.

Grateful acknowledgement is accorded the following persons for their major contribution in the joint effort in developing and refin-
ing the revised Code.

Advisory Committee on Mathematical and Scientific Notation
Ralph E. McCracken

Dr. Abraham Nemeth
Mrs. Helen Roberts

AAWB-AEVH Braille Authority
Mrs. Maxine B. Dorf (1959- ) Marjorie S. Hooper (1959- )

Freda Henderson (1967-1971) -Bernard M. Krebs (1959- )
Mrs, Alice M. Mann (1967- )

AAWB-AEVH Advisory Council to Braille Authority

M. Robert Barnett Professor Robert W, Mann
Dr. Natalie C. Barraga Lorraine P. Murin .
Robert S. Bray Dr. Abraham Nemeth

Dr. Charles E. Hallenbeck Dr. Carson Y. Nolan

Dr. Berthold Lowenfeld Dr. Geraldine Scholl

Dr. Douglas C. MacFarland Josephine L. Taylor




THE NEMETH BRAILLE CODE FOR MATHEMATICS
AND SCIENCE NOTATION
1972 REVISION

ORIENTATION

§1. Description:

a. This Braille Code for Mathematics and Science Notation has been prepared to provide a system of symbols which will allow
technical literature to be presented and read in braille. The Code is intended to convey as accurate an impression as is possible to the
braille reader of the corresponding printed text, and this is one of its principal features. When the braille reader has a clear conception
of the corresponding printed text, the area of communication between himself and his teacher, his colleagues, his associates, and the
world at large is greatly broadened. A test of the accuracy with which the Code conveys information from the print to the braille text is
to effect a transcription in the reverse direction. The amount of agreement between the original printed text and one transcribed from
the bratlle is a measure of the Code’s accuracy.

b. A careful distinction is' maintained between the meaning which a printed sign has and the sign itself. Sometimes the name
of a sign derives from the mathematical meaning which it has. Simple examples are the plus sign, the decimal point, and the percent
sign. Other signs have names which are descriptive of the signs themselves, such as errow, vertical bar, and diagonal line. Still others
have names in accordance with the way in which they are read aloud, such as ¢s less than, is contained in, or is an element of. Some
signs have no name at all. Of course, the majority of signs, particularly at the lower levels of mathematics, are signs about which there
is universal agreement as to their meaning, and these constitute the core about which has grown the modern system of mathematical
notation. However, at the more advanced levels, technical writers have, with increasing frequency, been assigning new and unusual mean-
ings to many of the signs which have long been “standard.”

c. Although the Code is intended to be as complete as possible, finality can never be achieved by any code. In the course of the
rapid development in the fields of science and technology, new signs are constantly being devised and old ones modified. At appropriate
places, rules and suggestions are presented for transcribing signs for which no specific provision exists at present.

§2. Organization:

a. In presenting this Code, the needs of both the transcriber and of the reader have been considered. While the rules of the
Code have been formulated primarily for the benefit of the braille reader, they are nevertheless presented in a manner designed to ease
the transcriber’s task of following these rules. The problem of transcription is intrinsically more difficult than the problem of reading;
the transcriber must actually recall to mind the specific symbols which must be used and the rules which govern their use, whereas the
braille reader must only recognize the symbols which he encounters and be only slightly aware of the underlying rules.

b. This presentation is organized into rules. Where appropriate, each rule begins with a list of signs and their corresponding
symbols for quick reference. The body of the presentation is organized into sections which are consecutively numbered and captioned.
The sections contain rules, explanations, and examples of the use of the Code. It is intended that the examples be sufficiently definitive
so that they may be imitated with confidence in parallel situations. The parenthetical descriptions below the examples are intended to
supplement the actual signs shown in the ink print copy. The examples in this presentation are drawn principally from the central core of
pure mathematics. Other scientists will find few examples from their fields. Nevertheless, the symbols, rules, and constructions of the
basic Code a1:>ply with equal force to those fields. Following the rules, there is an INDEX OF BRAILLE SYMBOLS the entries of which have
been categorized in accordance with the standard arrangement of the sixty-three braille symbols.

ink ori ¢. Throughout this presentation, the word sign is consistently used in referring to a character or sequence of characters in
Ink print, whereas the word symbol is used in referring to a character or sequence of characters in braille,

inted _d- In this text, mathematical or literary material which often appears in italics or other type in ink-print textbooks has been
printed in regular type. Italic and other type forms have been used only where such type is required to illustrate a rule.




2 ORIENTATION—§2e-§4d

e. Although 41 cells may be used in transeribing technical works, examples in this text have been shortened to conform-to the
space available on the ink-print lines.

§3. Interpretation: It is important that this presentation be accented quite literally and that no meaning be imputed to the rules
and principles which is not expressly stated or directly implied. It may sometimes appear quite arbitrary that a particular sign has
been classified in a section which the reader’s past experience or training indicates is inappropriate. For the purposes of this Code, how-
ever, the transcriber or teacher must accept the classification as well as the rules herewith presented, past experience or technical train-
ing notwithstanding.

In certain situations it may be felt that some constructions are excessively long and there may be a temptation to shorten the
construction by the use of a symbol of one’s own invention. However, the transcriber is enjoined against yielding to thiz temptation.
The Code has been formulated in such a way that the same construction gives the same information to the braille reader from elemen-
tary through the most advanced mathematics. Therefore, tampering with the constructions presented herein would have the effect of
destroying this uniformity. Signs which for many decades have been exclusively associated with college and graduate mathematics
have in recent years been filtering down to high schoo! and grade school levels. Thus, the set operations such as union, intersection, and
inclusion, which were traditionally encountered for the first time by a mathematics major in his junior year in college, have now become
fairly commonplace at the fourth or fifth grade level, and are first met even earlier. In addition, grade school and high school mathe-
matics are now being presented with considerably more rigor than heretofore, and shades in meaning are being preserved and even em-
phasized by the use of distinct signs having similar, but not equivalent, meanings. In keeping with this spirit, the Code furnishes
distinet braille symbols corresponding to distinct signs in ink print. In particular, at the lower levels of mathematics, this Code maintains
a distinction between the horizontal and diagonal fraction lines, and between the dot and the cross which signify multiplication. Signs
which have separate identities in ink print should be represented by distinet symbols in braille.

§4. Technical and Non-Technical Texts:

a. The designation non-technical implies only the absence of mathematical or scientific notation; a work in law or medicine
may be quite technical in those fields, but must be regarded as non-technical in the sense just mentioned.

b. Partially technical works include science books written for the layman or textbooks in other fields which use mathematical
terminology and notation. Such works are characterized by the use of an occasional mathematical sign or a small number of such signs.
In works of this kind, the mathematical signs may be treated as in English Braille. This procedure is particularly suitable when there is
no intention that the reader should manipulate such signs for the purpose of solving equations or performing computations. Sometimes,
however, the replacement of a sign by a corresponding word is not practical, especially when an aggregate of such signs appears in an
arrangement which is unusual from the literary point of view. In such cases, the transcriber should use the symbols and the rules of
this Code with a note to the braille reader that this is being done. A list of the mathematical symbols being used should be included at
the beginning of only the braille volume in which they occur.

¢ Technical works are those in the fields of mathematics, statistics, physics, or chemistry. In such works the symbols and
rules of this Code must be used. They must also be used in works in other fields which make strong use of mathematical signs and modes
of expression. In all technical works the franscriber must indicate at the beginning of each volume by means of a transcriber’s note that
the work has been transcribed in Nemeth Code, giving the year the code was adopted. Even when the Nemeth Code is used, title pages
must be transcribed as in English Braille without the use of Nemeth Code symbols, except for items which contain mathematical expres-
sions for which it would be inappropriate or impractical to use English Braille.

d. It is recommended that machines be set for a braille line of 41 cells when transcribing technical works.




Rule I

Alphabetic Indicators

English-Letter
German-Letter

Greek-Letter

For standard letters
For alternative letters
Hebrew-Letter
Russian-Letter
Arrow Direction Indicators
Depresses Nearer Arrowhead by 45 Degrees
Elevates Nearer Arrowhead by 45 Degrees
Makes Nearer Arrowhead Point Up
Makes Nearer Arrowhead Point Down
Arrow Types: Boldface
Cancellation Indicators
Opening

Closing

Capitalization Indicators
Single

Double

Carried Number Indicator for Addition
(varying in length)

RULES

RULE I—BRAILLE INDICATORS




4 Rule I

Fraction Indicators
Simple
Opening %e
-e
Closing ‘e
0
Complex
Opening %
‘e @
Closing e
¢ 00
Hypercomplex
Opening L%
® 0 @
Closing lle
[ ® 00
Fractional Part of a Mixed Number
Opening R
‘9 @
9 00
! Genera! Reference Indicator * 9%
X J
: Level Indicators
|
Base Line .
Superscript e
Superscript with Superscript 2 -
Superscript with Subseript 0 e
PRy
Superscript with Superscript with Superscript s :9:8
Superscript with Superscript with Subscript 208 e
e e o @
Superscript with Subscript with Superseript - ROUNS ]
" @ e
Superscript with Subseript with Subscript S e le
e @ @
Subscript ‘e
.e
Subscript with Superscript .




Rule I 5
Subscript with Subscript ‘ s :
Subscript with Superscript with Superscript ‘e .8 '3
.0 .
Subscript with Superscript with Subscript ‘e .8 e
@ - @
Subseript with Subscript with Superscript . .o .9
® -
Subscript with Subscript with Subscript o .o .o
® -0 [ ]
Modification Indicators
Multipurpose ‘e
Directly Over
First order -
X J
Second order -8
‘@ @
Directly Under
First order ’ bd
-0
Second order o0 00
o -0
Superposition ¢
Termination :E
Multipurpose Indicator ‘e
Numeric Indicator s
o0
Punctuation Indicator .
.o
Radical Indicators
Index-of-Radical s
.o
Order-of-Radical
First inner radical 4
‘o
Second inner radical A4
* @
Third inner radical A e <
* -0 [ ] \\\
Termination 4
.o
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Shape Indicators
Shape e
]
Structural Shape-Modification e
Y
Interior Shape-Modification 3 8
9 @
Filled-In Shape '
.9
Shaded Shape -e
-e
Termination -
X J
Termination Indicator -
.9

Type-Form Indicators for Letters, Numerals, and Compound Expressions

Boldface Type e

.o
Halic Type e

.o
Sanserif Type e @

9 -0

Script Type :e )

Type-Form Indicators for Words, Phrases, and Mathematical Statements

Opening Boldface Type il
o @ X J
Opening Italic Type e
® & -0
Closing Boldface Type 4 o
iy ] e O
Closing Italic Type ¢
9 00

§5. Concept of Braille Indicators: Mathematical expressions are represented in ink print by the use of arbitrary signs among
which are the digits, the lower-case and capitalized letters of several alphabets, the script, italic, and boldface forms of these same letters,
as well ag numerous signs of operation, signs of comparison, signs of grouping, and many other signs serving the miscellaneous require-
ments of mathematical and scientific expression. Furthermore, mathematical significance is imparted not only by these signs separately,
but by their collective arrangement on levels above or below a reference line of writing, as well as by their disposition above or below a
fraction line. With only sixty-three distinct braille characters available, sixty-four if the space is counted, the accomplishment of this
Code is to make provision for the representation of all these signs, as well as to give an indication of their arrangement.

It is, of course, impossible to establish a one-to-one correspondence between the sixty-three braille characters and the hun-
dreds of signs used in modern mathematics. It is also impractical, as a general procedure, to imitate the arrangement of these signs at
various levels relative to a reference line of writing or to a fraction line. Accordingly, the Code presented in the following pages is char-
acterized by the use of a system of braille indicators. The braille indicators in this Code play the same role as do the composition signs
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of English Braille. In both systems, the braille indicators or the signs of composition correspond to no gign in ink print; however, they
have the power of imparting meaning to the braille symbols with which they are associated. While there are only a few signs of compo-
sition in English Braille, there are many in this Code. By their use it is possible to represent the numerous type forms and alphabets
used in ink print and to convey the “two-dimensional” information contained in ink print through the medium of the braille system whose
nature is essentially “one-dimensional.”

§6. Spacing with Braille Indicators: No space should be left between a braille indicator and the symbol or expression to which it
applies. In addition, the punctuation indicator, level indicators, and modification indicators apply both to the material which precedes as
well as to the material which follows them, There are special spacing rules for the type-form indicators for words, phrases, and mathe-
matical statements (see §33). Examples illustrating this spacing rule are found throughout the Code.

RULE II-NUMERIC SIGNS AND SYMBOLS

Numeric Indicator

Arabic Digits (Nemeth Code)
0 1 2 3 4 5 6 7 8 9
‘e o : n .. . oo oo .- .

Comma (mathematical)

American , .
.o
N,
Continental . . N
Y
Decimal Point
American . i
‘e
Continental , e
-9

§7. Representation of Arabic Numerals:

a. Digits are represented in two ways: as in English Braille, and as in the Nemeth Code. The digits in English Braille are rep-
resented by the letters “j” and “a” through “i”. The digits in the Nemeth Code are represented by the symbols whose configurations
correspond to these same letters, but which occupy the lower portion of the braille cell.

b. Even when a work is transcribed in the Nemeth Code, when at all practical or appropriate, all numerals on title pages must
be transcribed as in English Braille. Numerals at the corners of pages and at the ends of page-separation lines must also be transcribed
as in English Braille. English Braille numerals must be used when the technique of “keying” (§187) is employed. In all other cases,
including contents pages, forewords, introductions, page references, footnotes, indices, and bibliographies, the numerals of the Nemeth
Code must be used.

§8. Comma, Decimal Point:

a. The transcriber should be alert to the possibility that variant forms of the comma and decimal point are sometimes employed,
particularly in books published outside of the United States. Although the ink print signs for the comma and decimal point differ from
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those used in the United States, this difference is not reflected in the braille transcription. However, a transcriber’s note should be in-
cluded at the beginning of the book to inform the reader of the continental usage in the ink-print edition.

(1) 1,378 e el il ee 86 e.
°® - % -+ 60 9O

(American usage of comma)

(2) 1378 2 6. I o0 00 o
o® - 0 -+ 08 0O

(Continental usage of comma)

(8) 376 s 60 . oo oo
e - 0 00 @

(American usage of decimal)

(4) 3,76 ‘e 00 - o0 es
o0 - -9 00 O

(Continental usage of decimal)

b. The comma, American or Continental, which is interior to a numeral, and which is used to partition the numeral into short
regular segments, must be regarded as a numeric symbol. As such, the comma is subject to the rules for transcribing numerals.
(1) 1,478 e o

[ ]

(the comma is a numeric symbol, not a punctuation mark)

(2) 100, 200, 300 S el e le il S el le le ‘e o6 o -e

oS - o9 60 - *® ©- 60 606 -0 e - 00 00
(the commas are punctuation marks, not numeric symbols)

v

¢. The decimal point, American or Continental, should be regarded as a numeric symbol only when it is associated with a nu-
meral. An omission symbol must not be regarded as a numeric symbol. As a numeric symbol, the decimal point is subject to the rules for
transcribing numerals.

SR XL

(the decimal point is a numeric symbol)
@ 314 IR
88 +: @ o+ @
(the decimal point is a numeric symbol)
(8) .2a;a8, - SA-AP S SEPS SEPSE S
TERI I X e e @ o e
(the decimal point is a2 numeric symbol)
(4) 818085 . ce B v @ s @

@ @ s @ . O®
@ v+ et s s @ e e

(the decimal point is not a numeric symbol)

6) 14+2=— IR IR R L SR ST IS
o0 @ - 99 -0 O 9 @- ‘@ ++ 00 00 00 0O

(the first two decimal points are numeric symbols)




Rule II—§9a 9

§9. Use of the Numeric Indicator: The numeric indicator must be used to introduce one or more unspaced numeric symbols
under the following circumstances:

a. The numeric indicator must be used at the beginning of a braille line or after a space. It must also be used after a minus
symbol which occurs at the beginning of a braille line or which follows a space. For exceptions, see §11.

@ 27 S el o0
0 o- o0
(2) There were 7 balls. e o e 'S .o -SRI S-S S
X IR ) o 0 oo ch e @ @ O @
B 1+x+y=0 e 20 e S e
o0 - 90 0060 00 o0 ‘9 o e oo
i (1 plus x plus y equals 0)
@ y=z2sinx % 0 SNttt %
[ 1] ‘0 @ o0 6 ¢ c @ o0
(y equals 2 sine x)
(5) sinl o &% %3 e el
e . @ [
(6) sin% 2x o o7 %% % e e el
®@: +° @« o+ @ e & oo
(sine squared of 2x)
(7) 0383 ...38... S e 'Y oo o0 oo LLoul -
0 % S . . - - @ O e - . ® [ ] [ ]
(8) logyo 2 e % et el e -
o & - .. o8 o0 o
(logarithm to the base 10 of 2)
® 41 e, . e
-9 @ [ 1 ] ;
(angle 1) ,/"l
(10) (x=0) % e e le o8
o o0 e @ o o0 o0

(x equals 0 enclosed in parentheses) .

11y 11 -

(a simple fraction)
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(12) 1+ 38 e % e
445 e - o0 - .
3 + 4 ®® -« i i v @
«® 00 00 00 00 O
5 + 6 @ s+ se s s 0@
@ o (]
0 00 -+ @
*® -0 o0 -0
e @@ s ss s s se se se @
+ + O 00 00 00 00 006 08 - -0
@ @ s+ sr e vr e s ® o0
® s @ o
+® 80 - 00
e - o0 -0
[T} .. .o . . @
‘o 00 0 60 00 -
‘@ e s se e @@
‘@ - ® .-
ot %o o0 o7
(a complex fraction)
(13)

(14)

(15)

d d
(1——x):i?t (2x) —2x E(I—X)
(1—x)2

1+ (lf)—(x)2

@ - <. 9@
o 7 oo oo
(a hypercomplex fraction)

—1 e el

0 o0 - -
{minus 1)
_.3 .. Y ) .? “

oo o0 0
(minus three tenths)
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b. The numeric indicator must be used after a punctuation mark. However, the hyphen requires special attention (see section
f below). It must also be used after a minus symbol which follows a punctuation mark.

(1) “8 dogs”

(2) Probability——0 T8 e % s et et e
9 0 - O .. <. @ -0 00 00 00 00 o0
3) “5 o, '8 %,
oe 00 -0 ¢
4) “—4 o, .. % e
o0 98 00 O

¢. The numeric indicator must be used after a left grouping symbol which introduces a determinant or matrix. It must also be

used after a minus symbol which follows such a grouping symbol.
Q) 1 2 1l %e (8 el S e 1l e
-® -0 00 - - e o ® @
—3 —4
@ v @ e Y I T
. 09 - @ 09 < 8 0@ . 08
9 0 060 00 - - o0 60 -0 ‘o -0
(2) ll &I 1% 9 e. - 1l e
4 ‘e -0 00 - - e - - X R
e @ o0 - . ®-
N 1 o o8 0o [ ] (1 ]
B ® .- .- ® -®
®- Y 'y
[ 1] X 2N X 0
e -0 o0 . ® -0
® v @
[ 1 ] - 00
L] [ ] 9 @
[ ] ey ] 9 ®-
[ 1] N ] K 2N - 00
[ ] [ ] eoe (1) ® -0
v @ 9@ s s @ ®® -+ v @ o @~
- 990 & 006 00 O r® o0 &0 0 - ®®
® r® '® - - OO0 ‘@ re . 90 ® @
L 34 X ] ® - v @
- .o ® o oo .l
® -0 0 o oe -0 9 @

d. The numeric indicator must be used after a section mark, paragraph mark, crosshatch, or asterisk. It must also be used
after the general reference indicator or any reference symbol.

(1) 3§4 o 00 7 1l 0% I8 e
o0 -« . ® o 00 -0

(8 section mark 4)

(2) 3#4 S ee T 88 ee
e .- -0 00 00 -0

(8 crosshatch 4)
(3) 324 e ee T 1318 e
*® -+ - o9 90 &

(3 asterisk 4)







