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Foreword 

IS0 (the International Organization for Standardization) is a worldwide federation of 
national standards bodies (IS0 member bodies). The work of preparing International 
Standards is normally carried out through IS0 technical committees. Each member 
body interested in a subject for which a technical committee has been established has 
the right to be represented on that committee. International organizations, govern- 
mental and non-governmental, in liaison with ISO, also take part in the work. IS0 
collaborates closely with the International Electrotechnical Commission UEC) on all 
matters of electrotechnical standardization. 

Draft International Standards adopted by the technical committees are circulated to 
the member bodies for approval before their acceptance as International Standards by 
the IS0 Council. They are approved in accordance with IS0 procedures requiring at 
least 75 % approval by the member bodies voting. 

International Standard IS0 9282-l was prepared by Technical Committee ISO/TC 97, 
lnforma tion processing s ys terns. 

IS0 9282 consists of the following parts, under the general title information process- 
ing - Coded representation of pictures : 

- Part I: Encoding principles for picture representation in a 7-bit or g-bit 
environment 

Annex A forms an integral part of this part of IS0 9282. 
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Introduction 

This International Standard provides standard methods for picture coding in order to 
assist in coding system design and to prevent a proliferation of different unrelated 
coding techniques. 

This part of IS0 9282 provides a coding scheme for the representation of pictures that 
can be generated by the majority of computer graphics applications; based on a 7-bit 
structure, this coding scheme may be used in a 7-bit or 8-bit environment. 
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INTERNATIONAL STANDARD IS0 9282-l 

Information processing - Coded representation 
of pictures - 

Part 1: 
Encoding principles for picture representation in a 7-bit 
or 8-bit environment 

1 Scope 

This part of IS0 9282 defines 

- the coding principles to be used in interchanging pic- 
tures consisting of graphic images in a -/-bit or 8-bit environ- 
ment; 

- the data structures to be used to represent the 
primitives describing a picture; 

- the general datatypes which can be used as operands 
within a primitive. 

This part of IS0 9282 does not deal with the presentation 
semantics of pictures. These are defined in the related Inter- 
national Standards. 

This part of IS0 9282 applies to the data streams containing 
data structured in accordance with picture coding methods 
defined in IS0 9281. 

2 Normative references 

The following standards contain provisions which, through 
reference in this text, constitute provisions of this part of 
IS0 9282. At the time of publication, the editions indicated 
were valid. All standards are subject to revision, and parties to 
agreements based on this part of IS0 9282 are encouraged to 
investigate the possibility of applying the most recent editions 
of the standards listed below. Members of IEC and IS0 main- 
tain registers of currently valid International Standards. 

IS0 646 : 1983, information processing - /SO 7-bit coded 
character sets for information interchange. 

IS0 2022 : 1986, Information processing - /SO 7-bit and g-bit 
coded character sets - Code extension techniques. 

IS0 6429 : 1983, Information processing - /SO 7-bit and g-bit 
coded character sets - Additional control functions for 
character imaging devices. 

IS09281 : - 11, Information processing - Identification of pic- 
ture coding methods. 

3 Definitions and notation 

3.1 Definitions 

For the purposes of this part of IS0 9282, the following defi- 
nitions apply : 

3.1.1 bit combination; byte : An ordered set of bits that 
represents an opcode or an operand, or used as a part of the 
representation of an opcode or an operand. 

3.1.2 code : A set of unambiguous rules that establishes a 
one-to-one relationship between each opcode or operand of a 
set and their coded representation by one or more bit combi- 
nations within that set. 

3.1.3 code table : A table showing the general distribution of 
opcodes and operands to bit combinations in a code. 

3.1.4 opcode : A one or multi-byte coded representation that 
identifies a function required by a picture standard. 

An opcode may be followed by zero or more operands. 

3.1.5 opcode table : A table showing the function allocated 
to each bit combination reserved for opcodes. 

3.1.6 operand : A single or multiple coded representation 
used to specify the parameters required by an opcode. 

3.2 Notation 

3.2.1 7-bit byte 

The bits of a 7-bit byte are identified by b,, b6, bg, bq, bs, b2 
and bl where b7 is the highest-order, or most-significant bit and 
bI is the lowest order, or least-significant bit. 

The bit combinations are identified by notations of the form 
x/y, where x is a number in the range 0 to 7 and y is a number in 
the range 0 to 15, corresponding to the column and row 
designation, respectively, of a code table. 

1) To be published. 
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The correspondence between the notations of the form x/y 
and the bit combinations consisting of the bits b7 to b,, is as 
follows : 

- x is the number represented by b,, b6 and b, where 
these bits are given the weights 4, 2 and 1, respectively. 

- Y is the number represented by bq, b,, b2 and b, where 
these bits are given the weights 8, 4, 2 and 1, respectively. 

3.2.2 $-bit byte 

The bits of an 8-bit byte are identified by bs, bT, be, bg, bq, b3, 
b2 and b,, where bs is the highest-order, or most-significant bit 
and b, is the lowest-order, or least-significant bit. 

The bit combinations are identified by notations of the form 
xx&y, where xx and yy are numbers in the range 00 to 15. The 
correspondence between the notations of the form xx/yy and 
the bit combinations consisting of the bits b8 to b,, is as 
follows : 

- xx is the number represented by bs, bT, b6 and b5 
where these bits are given the weights 8,4,2 and 1, respect- 
ively. 

- yy is the number represented by bq, b3, b2 and bI 
where these bits are given the weights 8,4, 2 and 1, respect- 
ively. 

3.2.3 Byte interpretation 

Bits within a byte may be interpreted to represent numbers in 
binary notation by attributing the following weights to the 
individual bits : 

Bits of a 7-bit byte 

Bits of an 8-bit byte 

- b, b, b, b, b, b, b, 

b, b, b, b, b, b, b, b, 

Weight 128 64 32 16 8 4 2 1 

Using these weights, the bit-combinations of the 7-bit byte 
represent numbers in the range 0 to 127. The bit-combinations 
of the 8-bit byte represent numbers in the range 0 to 255. 

3.3 Layout of the code table 

3.3.1 7-bit representation 

In a 7-bit representation, a code table consists of 128 positions 
arranged in 8 columns and 16 rows. The columns are numbered 
0 to 7 and the rows 0 to 15. 

The code table positions are identified by notations of the form 
x/y, where x is the column number and y is the row number. 

The positions of the code table are in one-to-one correspon- 
dence with the bit combinations. The notation of a code table 
position, of the form x/y, is the same as that of the corre- 
sponding bit combination. 

3.3.2 8-bit representation 

In an 8-bit representation, a code table consists of 256 positions 
arranged in 16 columns and 16 rows. The columns are num- 
bered and the rows are numbered 00 to 15. 

The code table positions are identified by notations of the form 
xx/yy, where xx is the column number and yy is the row 
number. 

The positions of the code table are in one-to-one corre- 
spondence with the bit combinations. The notation of a code 
table position, of the form xx/yy, is the same as that of the cor- 
responding bit combination. 

4 Encoding principles 

This part of IS0 9282 deals with the encoding principles of 

- the opcodes of the primitives; 

- the operands of the primitives. 

All such encoding is defined in terms of a 7-bit byte. When 
used in an 8-bit environment, bit b, of each byte shall be zero 
(except within the “string” format). 

Each primitive is coded according to the following rules: 

- a primitive is composed of one opcode and zero or 
more operands as required; 

- the opcodes are encoded in column 2 or 3 of the Code 
Table (table I); 

- operands are encoded in columns 4 to 7. (However, the 
coded representation of a “string” operand may include bit 
combinations from other columns of the Code Table - see 
the description of string format in 6.2.3.) 

5 Encoding principles for opcodes 

5.1 General 

One of two encoding techniques may be used in the organ- 
ization of opcodes for the definition of a code table: 

- if the number of opcodes required in a particular 
standard built upon these coding principles is less than or 
equal to 32, compact structure may be used as described 
in 5.2; 

- if a greater number of opcodes is required then an 
extensible structure may be used as described in 5.3. 

This permits the definition of more efficient code tables when 
the number of opcodes is small as well as allowing the develop- 
ment of standards which require an unlimited number of 
opcodes. 

The identification of either opcode structure is achieved 
through the identification mechanism defined in IS0 9281. 
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Table 1 - Code table as used for picture coding 

Reserved 
for 

control 
functions Opcodes 

D-0 
Operands 
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5.2 Compact opcode encoding 

In the case where 32 or less opcodes are needed the encoding 
of opcodes is simply accomplished by assigning a code table 
position to each of the opcodes from the 32 code table pos- 
itions in columns 2 and 3 of the code table. The general struc- 
ture of an opcode of this type is shown in figure 1 below. 

5.3 Extensible opcode encoding 

In the case where an unlimited number of opcodes may be 
needed the encoding of opcodes requires that the opcodes be 
divided into 

- a basic opcode set and, 

- an extension opcode set. 

The description of the encoding technique for the basic opcode 
set is given in 5.3.1. The description of the extension 
mechanism is given in 5.3.2. 

53.1 Encoding technique of the basic opcode set 

The basic opcode set consists of single-byte and double-byte 
opcodes. The general structure of such opcodes is shown in 
figure 2. 

For single-byte opcodes, the opcode length indicator, bit bg, is 
ZERO (opcodes of column 21, bits b4 to bI are used to encode 
the opcode. 

For double byte opcodes the opcode length indicator, bit b,, of 
the first byte is ONE. Bits b, to bI of the first byte and bits b, to 
b, of the second byte are used to encode the opcode. 

The bit representation 3/15, EXTEND OPCODE SPACE, (EOS), 
is used in a different sense (see 5.3.2). 

This encoding technique can thus provide a basic opcode set of 
496 opcodes, being 

- 16 single-byte opcodes (code table column 2); 

- (15 x 32) = 480 double-byte opcodes (first byte from 
code table column 3 (except 3/15, second byte from either 
column 2 or column 3). 

5.3.2 Extension mechanism 

The basic opcode set can be extended by means of the 
EXTEND OPCODE SPACE (EOS, 3/15) to provide an unlimited 
number of extension opcode sets. 

b 8 b- 7 b 6 b 5 b 4 b 3 b 2 b 1 

Opcode flag 1 - Opcode 

Figure 1 - Compact opcode encoding structure 

b 8 *b 7 b 6 b 5 b 4 b 3 b 2 b 1 w R 
1st byte 

A 

1 I 

. 

Opcode flag 2 - Opcode 

L Opcode length indicator 

1 2nd byte (used in double-byte 
opcodes only) 

Opcode flag . Opcode 

Figure 2 - Opcode encoding structure 
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The N-th extension opcode set consists of opcodes of the basic 
opcode set, prefixed N times with the EOS byte. The three 
possible formats of an opcode from an N-th expansion opcode 
set are 

The general format of an operand byte is given in figure 3: 

b 8 b 7 b 6 b5 b4 b3 b2 bl 
Opcode format Extension code 

1 <EOS> . . . <EOS> 

rt times 

<EOS> . . . <EOS> 
I 

t 
n times 

<EOS> . . . <EOS> 

rt times 

EOS = 3115 

X = 0, 1, . . . . . . . ..I 15 

Y = 0, 1, . . . . . . . . . , 14 

Z = 0, 1, . . . . . . . . . ‘ 15 

n = 0, 1, . . . . . . . . ., . . . 

where 

n = 0 results the basic opcode set 

9 m 
Basic opcode set codes 

- 1 
<2/x> 

I I I 
. 

I 

I 
( 

<3/y> <2/z> 

<3/y> <3/z> 

n = 1 results the 1st extension opcode set 

n = N results the N-th extension opcode set 

The number of opcodes supplied by this encoding technique 
(basic opcode set plus extension opcode sets) is 

- 16 single-byte opcodes from the opcode set 
(opcode format 1, n = 0) 

- 480 double-byte opcodes from the basic opcode set 
(opcode format 2 and 3, n = 0) 

16 double-byte opcodes from the 1st extension opcode 
set (opcode format 1, n = 1) 

- 480 N-byte opcodes from extension opcode set N- 2 
(opcode format 2 and 3, n = N- 2) 

16 N-byte opcodes from extension opcode set N- 1 
(opcode format 1, n = N- 1) 

6 Encoding principles for operands 

6.1 General Figure 4 - Basic format structure 

The operand part of a primitive may contain any number of 
operands, including zero. Each such operand may consist of 
one or more bytes. 

For single-byte operands, the extension flag, bit be, is ZERO. In 
multiple-byte operands, the extension flag is ONE in all bytes 
except the last byte, where it is ZERO. 

Operand flag 1 - Operand 

Figure 3 - Operand encoding structure 

6.2 Format definitions 

Operands may be encoded using three formats: 

- basic format; 

- bitstream format; 

- string format. 

In addition the encoding of operands may be controlled by a 
state variable. Such a state variable is set to a value by an appli- 
cation at the time a coding/decoding process is initialized. 
Depending on the functional standard under which the 
encoding principles defined in this part of IS0 9282 are used, 
such a state variable may remain fixed, or may be dynamically 
modified by a function specified in the functional standard. 

The list of state variables used in this part of IS0 9282 is given 
in annex A. 

This part of IS0 9282 only refers to the value of state variables 
and does not deal with the definition of functions allowing to 
modify them. 

6.2.1 Basic format 

An operand in basic format is represented as a sequence of one 
or more bytes; the structure is shown in figure 4: 

b 8 b 7 b 6 b 5 b 4 b 3 

I I ’ ’ 
I 

- Databits 

b 2 b 1 

I Extension flag 

I 8 Operand flag 
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6.2.2 Bitstream format 

An operand in bitstream format is represented as a sequence of 
one or more bytes; the structure is shown in figure 5: 

b 8 b 7 b 6 b 5 b 4 b . 3 b 2 b 1 

I Databits 

l Operand flag 

Figure 5 - Bitstream format structure 

Data in bitstream format are packed in consecutive databits 
within an operand byte starting from the higher numbered bits 
to the lower numbered bits of the first byte for the most signifi- 
cant part of the bitstream data. 

The end of a bitstream format operand cannot be derived from 
the bitstream format itself (the format is not self-delimiting). 

The end of a bitstream format operand is delimited by 

- the next opcode; 

or 

- an <end of block> value, which identifies the end of 
data being encoded in the bitstream format operand; 

or 

- the value of a state variable which defines the length of 
the operand which is encoded in the bitstream format. 

When the data, which are to be coded in the bitstream format, 
do not match a whole number of bytes, the remaining bits of 
the most significant byte shall all be put as ZERO’s. 

6.2.3 String format 

An operand in string format is encoded as a sequence of bytes; 
the structure is shown in figures 6 and 7. 

b 8 b 7 b 6 b 5 b 4 b 3 b 2 b 1 

1st byte 
(ES0 (l/11) 

2nd byte (5/8) 

C 
. 9 

C C C C C 3rd byte 

A 

4th byte 

i I 
I I 
I I 
I I 

b-z - 1 )th byte 
(ESC) (l/11) 

n-th byte 
(5/12) 

SOS 

> ST 

Figure 6 - String format structure in a T-bit environment 
(Databits are marked C) 

6 
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The start of a character string is indicated by the delimiter 
START OF STRING (SOS). This delimiter is represented by 
the control sequence ESC 518 in a 7-bit environment, 
(ESC = 1 Ill), or by 09108 in an 8-bit environment. 

The end of a character string is indicated by the delimiter 
STRING TERMINATOR (ST). This delimiter is represented by 
the escape sequence ESC 5112 in a 7-bit environment, 
(ESC = 1 Ill 1, or by 09112 in an 8-bit environment. 

In a 7-bit environment (figure 6), bit combinations from col- 
umns 0 to 7 of the code table are allowed as databytes, i.e. 3rd 
byte to (n -2)th byte. International Standards using string 
format operands may restrict the use of bit combinations from 
columns 0 to 1 of the code table. 

In an 8-bit environment (figure 7), bit combinations from col- 
umns 00 to 15 of the code table are allowed as databytes, i.e. 
2nd byte to (n - 1 )th byte. International Standards using string 
format operands may restrict the use of bit combinations from 
columns 00 to 01 and columns 08 to 09 of the code table. 

In a 7-bit environment, the number of bytes needed to encode a 
string operand is equal to the number of characters of the string 
plus four (for SOS and ST, coded ESC, 518 and ESC, 5112). 

In an 8-bit environment, the number of bytes needed to encode 
a string operand is equal to the number of characters of the 
string plus two (for SOS and ST, coded 09108 and 09112). 

The encoding of a string is the only exception of the general 
coding rules indicated in 6.1. 

6.3 General datatypes 

This clause describes the encoding of several general datatypes 
using the formats defined in 6.2. 

These general datatypes may be used in standards on picture 
representation. If a specific standard uses a general datatype, 
the encoding of that datatype in that standard must be identical 
to the encoding of the general datatype as described in this 
clause. 

6.3.1 Unsigned integers 

Unsigned integers are encoded using either the basic format or 
the bitstream format, depending on the functional standard 
using the encoding principles of this standard. 

Each unsigned integer is represented as a sequence of one or 
more bytes. Databits are packed into consecutive bytes starting 
from the highest to the lowest numbered bits of the first byte 
for the most significant part of the operand. 

b 8 b 7 . b 6 b 5 b 4 b 3 b 2 b 1 
? 7 

1 0 -0 1 1 0 0 0 1st byte (SOS) W/08) 

A k A 

L 

6: C C C C C C C 2nd byte 

A I , 

? 
4 

C C C C C C C C 3rd byte 
A b 4 

I I 

I I 

I I 

I I 
I I 
I I 
I I . I 

1 0 0 1 1 1 0 0 n-th byte (ST) (09/12) 
A , + 

Figure 7 - String format structure in an 8-bit environment 
(Databits are marked C) 
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6.3.1.1 Unsigned integers in the basic format 6.3.2 Signed integers 

Examples of the encoding of unsigned integers in the basic for- 
mat are shown in figures 8 and 9. 

6.3.1.2 Unsigned integers in the bitstream format 

The number of bytes to be used by the operand is determined 
by the UNSIGNED INTEGER LENGTH state variable. 

Examples of the encoding of unsigned integers in the bitstream 
format are shown in figures 10 and 11. 

Signed integers are represented using either modulus-and-sign 
notation or two’s complement notation. In both cases they may 
be encoded using either the basic format or the bitstream 
format. 

Signed integers are represented as a sequence of one or more 
bytes. Databits are packed into consecutive bytes starting from 
the higher numbered bits to the lower numbered bits of the first 
byte for the most significant part of the operand. 

b 8 b I b 6 b 5 b 4 b 3 b 2 b 1 

Operand value: 31 

Figure 8 - Unsigned integer encoding 

b 8 b I b 6 b 5 b 4 b 3 b 2 b 1 

1 1 
T 

0 0 0 1 0 1st byte 

+ 

1 1 
v 

0 0 0 0 0 2nd byte 
1 . 

1 0 1 1 1 1 
1 

1 3rd byte 

Operand value : 2 079 

Figure 9 - Unsigned integer encoding (more than one byte) 

b 8 b I b 6 b 5 b 4 b 3 b 2 b 1 

Operand value 953 
UNSIGNED INTEGER LENGTH: 1 

Figure 10 - Unsigned integer encoding on the bitstream format (one byte) 
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. 
b 8 b I b 6 b 5 b 4 b 3 b 2 b 1 

9 . 
- 1 0 0 0 0 0 0 1st byte 

1 A 
4 

r . I 

- 1 0 1 1 1 1 1 2nd byte 

/ A 

Operand value : 31 
UNSIGNED INTEGER LENGTH: 2 

b 8 b I b 6 b 5 b 4 b 3 b 2 b 1 

m 
0 0 1st byte 

t 
1 1 0 0 0 

1 0 
v 4 

1 1 1 1 1 2nd byte 
A + 

Operand value : 2 079 
UNSIGNED INTEGER LENGTH: 2 

Figure 11 - Unsigned integer encoding in the bitstream format 
(more than one byte) 
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6.3.2.1 Signed integers in modulus-and-sign notation using 
the basic format 

PLUS ZERO is considered to be non-negative. 

The range of signed integers is subdivided into a non-negative 
range and a negative range, using bit b5 of the first byte as a 
sign bit i.e. : 

The encoding of MINUS ZERO is restricted for specific en- 
coding purposes. Signed integers are not permitted to have this 
value. 

Bits b4 to bI of the first byte and bits b5 to b, of the following 
- if bit b5 is set to ZERO, the integer is non-negative; bytes are used to encode the modulus of the signed integer. 

- if bit b, is set to ONE, the integer is negative. Figure 12 contains examples of the encoding of signed integers. 

b 8 b 7 .b 6 b 5 b 4 b 3 b 2 b 1 
I 

1 0 1 0 0 1 0 
A . 

Operand value : -2 

b 8 b 7 b 6 b 5 b 4 b 3 b 2 b 1 
1 I 

- 1 1 1 1 0 0 0 1st byte 
t 1 , 

1 0 
v 

0 0 0 0 0 2nd byte 

I 

Operand value : - 256 

Figure 12 - Signed integers in modulus-and-sign notation using the basic format 
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6.3.2.2 Signed integers in the two’s complement notation 
using the basic format 

Negative numbers are represented in two’s complement 
notation. 

The range of signed integers is subdivided into a non-negative 
range and a negative range, using bit b5 of the first byte as a 
sign bit i.e. : 

- if bit b, is set to ZERO, the integer is non-negative; 

PLUS ZERO is considered to be non-negative. 

The encoding of MINUS ZERO is restricted for specific en- 
coding purposes. Signed integers are not permitted to have this 
value. 

Figure 13 contains examples of the encoding of signed integers 
- if bit b5 is set to ONE, the integer is negative. in two’s complement notation using the basic format. 

b 8 b 7 b 6 b 5 b 4 b 3 b 2 b 1 

Operand value : +7 

b 8 b 7 b 6 b 5 b 4 b 3 b 2 b 1 9 
1 1 1 1 1 1 0 1st byte 

b 

- 1 0 0 0 1 0 1 2nd byte 
1 I . 

Operand value : - 59 

Figure 13 - Signed integer encoding in two’s complement notation using the basic format 
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6.3.2.3 Signed integers in modulus-and-sign notation using 
the bitstream format 

The number of bytes to be used by the operand is determined 
by the SIGNED INTEGER LENGTH state variable. 

The range of signed integers is subdivided into a non-negative 
and a negative range, using bit b6 of the first byte as a sign 
bit, i.e. : 

- if bit b6 is set to ZERO, the integer is non-negative; 

- if bit b6 is set to ONE, the integer is negative. 

PLUS ZERO is considered to be non-negative. 

The encoding of MINUS ZERO is restricted for specific en- 
coding purposes. Signed integers are not permitted to have this 
value. 

Bits b5 to bI of the first byte and bits b6 to bI of the following 
bytes are used to encode the modulus of the signed integer. 

Figure 14 contains examples of the encoding of signed integers 
in modulus-and-sign notation using the bitstream format. 

b 8 b 7 b 6 b 5 b 4 b 3 b 2 b 1 

Operand value: + 7 
SIGNED INTEGER LENGTH = 1 

b 8 b 7 b 6 b 5 b 4 b 3 b 2 b 1 

1 1 0 0 
7 

0 0 0 1st byte 

4 

c ? 
1 1 1 1 0 1 1 2nd byte 

4 . 

Operand value : - 59 
SIGNED INTEGER LENGTH = 2 

Figure 14 - Signed integers encoding in modulus-and-sign notation using the bitstream format 
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6.3.2.4 Signed integers in the two’s complement notation Whether or not the exponent part is explicitly coded as a part of 
using the bitstream format the real format depends on 

The number of bytes to be used by the operand is determined 
by the SlGNED INTEGER LENGTH state variable. 

The range of signed integers is subdivided into a non-negative 
and a negative range, using bit be of the first byte as a sign 
bit, i.e. : 

- the current value of the state variable REAL EXPLICIT 
EXPONENT; 

- the value of the EXPONENT FOLLOWS flag in the 
mantissa part of a real. 

- if bit b6 is set to ZERO, the integer is non-negative; 

- if bit b6 is set to ONE, the integer is negative. 

Negative numbers are represented in two’s complement 
notation. 

If the current REAL EXPLICIT EXPONENT value is ALLOWED, 
a bit of the first byte of a matissa is used as the EXPONENT 
FOLLOWS bit: 

Figure 15 contains examples of the encoding of signed integers 
in two’s complement notation using the bitstream format. 

6.3.3 Real numbers 

- ONE if an explicit exponent follows the mantissa; 

- ZERO if no exponent follows the mantissa. 

The order of the EXPONENT FOLLOWS bit depends on the 
encoding of the mantissa (basic or bitstream format) and is 
defined in 6.3.3.1 and 6.3.3.2. 

A real number consists of a mantissa part and an optional expo- 
nent part, both of which are represented as signed integers 
either in the basic format or in the bitstream format, either 
using modulus-and-sign or two’s complement notation. 

If the current REAL EXPLICIT EXPONENT value is FOR- 
BIDDEN, the EXPONENT FOLLOWS bit of the first byte of a 
mantissa is used as a databit. 

When using modulus-and-sign notation, mantissas and ex- 
ponents of MINUS ZERO are not allowed, and are reserved for 
future use. 

If the current REAL EXPLICIT EXPONENT value is ALLOWED 
and the EXPONENT FOLLOWS bit in a mantissa is ONE, then 
an explicit exponent follows the mantissa. 

The exponent is the power of two by which the mantissa is to 
be multiplied. The exponent may be implicity defined as a 
default exponent, which is then omitted in the real. Alterna- 
tively the exponent may be coded explicity as the second part 
of the real: 

<real > = < mantissa part > [ < exponent part > I 

If the current REAL EXPLICIT EXPONENT value is FOR- 
BIDDEN, or if the current REAL EXPLICIT EXPONENT value is 
ALLOWED, and the EXPONENT FOLLOWS bit in the mantissa 
part has the value ZERO, then the exponent is omitted from the 
coding and an implicit default exponent value is assumed. This 
value is given by the state variable REAL DEFAULT 
EXPONENT. 

b 8 b 7-b 6 b5 b4 b3 b2 bl . 

- 1' 0 0 0 1 1 1 
I l 

Operand value : + 7 
SIGNED INTEGER LENGTH = 1 

b 8 b 7 b 6 b 5 b 4 b 3 b 2 b 1 

1 1 1 1 1 1 1 1st byte 
1 . 

1 0 0 0 1 0 1 2nd byte 
1 

Operand value : - 59 
SIGNED INTEGER LENGTH = 2 

Figure 15 - Signed integers encoding in two’s complement notation using the bitstream format 
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6.3.3.1 Real numbers in the basic format 

The mantissa is a signed integer which is represented in the 
basic format, either using modulus-and-sign notation or two’s 
complement notation. In the first byte of the mantissa, bit b, is 
used as the sign bit. 

If the REAL EXPLICIT EXPONENT state variable = ALLOWED, 
then bit b4 of the first byte of the mantissa is used as the EXPO- 
NENT FOLLOWS bit: 

- ZERO if no exponent follows the mantissa; 

- ONE if an explicit exponent follows the mantissa. 

If the REAL EXPLICIT EXPONENT state variable = FOR- 
BIDDEN, bit b4 of the first byte of the mantissa is used as a 
databit. 

The exponent is coded as a signed integer in the basic format, 
either using modulus-and-sign notation or two’s complement 
notation. 

The coding of signed integers is described in 6.3.2. 

Figures 16 and 17 show the general format of a mantissa. 
Figure 18 shows an example of a multi-byte mantissa. 

b 0 b 7 b 6 b 5 b 4 b 3 b 2 b 1 

1 1 1st byte 
A . 

I I 
I 

1 1 i’-:,.*. 
Operand flag 

b 8 b 7 b 6 b5 b4 b3 b 2 b 1 

I 
2nd byte 

0 n-th byte 

b 
I 

, Databits 

Extension flag 

Operand flag 

Figure 16 - Encoding of a mantissa using the basic format 
REAL EXPLICIT EXPONENT = ALLOWED 
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b 8 b 7 b 6 b 5 b 4 b 3 
t m 

- 1 1 
I I I I 

b 2 b 1 

I 1st byte 

- Databits 

. b 8 b 7 b 6 b 5 b 4 b 3 b 2 b 1 

1 1 2nd byte 

I 

n-th byte 

I 

- Databits 

Extension flag 

1 Operand flag 

Figure 17 - Encoding of a mantissa using the basic format 
REAL EXPLICIT EXPONENT = FORBIDDEN 
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b 8 b 7 b 6 b 5 b 4 b 3 b 2 b 1 
t 1 . 

- 1 1 1 0 0 0 1 
4 I I I I 

l 
f 

- 1 1 0 0 0 0 0 

4 

I 

\ 

I 

? . r , 
- 1 0 0 0 0 0 0 

I I + 
s 

- Magnitude (value : 1 024) 

Figure 18 - A~multiple-byte mantissa in the basic format 
Mantissa value = - 1024 
REAL EXPLICIT EXPONENT = ALLOWED 
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6.3.3.2 Real numbers in the bitstream format 

The mantissa is a signed integer which is represented in the 

If the REAL EXPLICIT EXPONENT state variable = FOR- 
BIDDEN, bit b5 of the first byte of the mantissa is used as a 
databit. 

bitstream format, either using modulus-and-sign notation or 
two’s complement notation. In the first byte of the mantissa, 
bit b6 is used as the sign bit. 

The exponent is coded as a signed integer in the bitstream 
format, either using modulus-and-sign notation or two’s com- 

If the REAL EXPLICIT EXPONENT state variable = ALLOWED, 
bit b, of the first byte of the mantissa is used as the EXPONENT 
FOLLOWS bit: 

plement notation. 

The coding of signed integers is described in 6.3.2. 

- ZERO if no exponent follows the mantissa; 
Figures 19 and 20 show the general format of a mantissa. 

- ONE if an explicit exponent follows the mantissa. Figure 21 shows an example of a multiple-byte mantissa. 

b 8 b 7 b 6 b 5 b 4 b 3 b 2 b 1 
l . . 

- 
1 1st byte 

? A b 

I I 
I 

L 

1 1 :gt follows bit 

Operand flag 

b 8 b 7 b 6 b 5 b 4 b 3 b 2 b 1 

2nd byte 

l 

I 
r 

n-th byte 
. 

1 I 

Figure 19 - Encoding of a mantissa using the bitstream format 
REAL EXPLICIT EXPONENT = ALLOWED 
SIGNED INTEGER LENGTH = n 
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b 8 b 7 ,b 6 b 5 b 4 b 3 b 2 b 1 \ 
1 

I I I 

b 8 

I Operand flag 

1st byte 

b 7 b 6 b 5 b 4 b 3 b 2 b 1 
1 

1 2nd byte 

n-tti byte 

. 
I 

b Databits 

Operand flag 

Figure 20 - Encoding of a mantissa using the bitstream format 
REAL EXPLICIT EXPONENT = FORBIDDEN 
SIGNED INTEGER LENGTH = n 
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b 8 b 7 b 6 b 5 b 4 b 3 

- -------- No exponent 

. I 

1 0 1 0 0 0 0 
A 1 

I 

t t 
1 0 0 0 0 0 0 

- Magnitude (value: 1 024) 

Figure 21 - A multiple-byte mantissa in the bitstream format 
Mantissa value = - 1024 
REAL EXPLICIT EXPONENT = ALLOWED 
SIGNED INTEGER LENGTH = 3 
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