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Foreword

ISO (the International Organization for Standardization) and IEC (the
International Electrotechnical Commission) form the specialized system
for worldwide standardization.
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Introduction

This Technical Report is a guide to develop and implement coded
representations.
Coding covers the way and the form in which data are expressed.

The increased use of data processing and electronic data interchange
heavily relies on accurate, reliable, controllable and verifiable data
recorded in data bases.

In formal—communication and storage data are expressed in symbols
(usually digits or letters), arithmetic numbers and desc¢rliptions,
which khould have a fixed stable meaning for every one involved and
thereby be suitable for purposes of processing and communicatiqn.

This lrechnical Report presents the objectives Of~ codinhg, the
characferistics, advantages and disadvantages of differentl coding
methods, a survey of the features of codes andAguidelines |[for the

design|of codes.
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Information technology -- Guidelines for the organization
and representation of data elements for data interchange --
Coding methods and principles

1l Scope

This Technical Report provides general guidance on the manner [on which
data can be expressed by codes.

It deskribes the objectives of coding, the characteristics, advantages
and dilsadvantages of different coding methods, the{features |of codes
and giyes guidelines for the design of codes.
This Technical Report is not directed toward-ahy specific application

area rlor dependent on any design method for’ application syptems or
data interchange.

2 References

2.1 General references

ISO/IEC 646:1991, Information technology -- ISO 7-bit coded c¢haracter
set fofr information interchange.

ISO 2382-4:1987, Informa¥ion processing systems - Vocabulary -
Part O :0Organization of data.

ISO 23|75:1985, Data processing - Procedure for registration qf escape
sequences.

ISO 7064:1983, Data processing - Check character systems.

ISO/IEC 11479-3:1994, Information technology - Specification and
standalrdization of data elements - Part 3: Basic attributes| of data
elemen|ts.

2.2 Examples of applications of this Technical Report

ISO 9735:1988, Electronic data interchange for administration,
commerce and transport (EDIFACT) - Application level syntax.

ISO 8601:1988, Data elements and interchange formats - Information
interchange - Representation of dates and times.

ISO 3166:1993, Codes for the representation of names of countries.
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3 Definitions
For the purpose of this Technical Report, the following definitions
apply.
3.1 attribute: A characteristic of an object.
3.2 character set: A finite set of different characters that is
complete for a given purpose.
Example: Fhe—dnternational reference—wersion—of the <character ot of
ISO 646.
3.3 codeg: A collection of rules that maps the elements of-:one g$et on
to tHhe elements of another set.
NOTES
1. The elements may be characters or character strings.
2. The first set is the coded set and the otheXr/set is the code |element
set.
3. An element of the code element set maywbe related to more than one
element of the coded set but the reveyse is not true.
3.4 codeg element: The result of applying) a code to an element| in a
coddgd set.
Examples:
1 "CDG" as the representation of.iParis Charles de Gaulle in the code
for |three-letter representation of airport names.
2 The seven binary digits representing the delete character in ISQ 646.
3.5 code element set: The result of applying a code to all eléments
of a coded set.
Example: |[A1ll the_three-letter international representations of alrport
names.
3.6 code set: Synonym of code element set.
3.7 codelwvalue:+ Synonym of code element
3.8 coded representation: Synonym of code element.
3.9 coded set: A set of elements which is mapped on to another set
according to a code.
Example: A list of the names of airports which is mapped on to a

corresponding set of three-letter abbreviations.
3.10 coding scheme: Synonym of code.

3.11 data code: See preferred term code element.
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3.12 data element instance: An occurrence of a data element type.

3.13 data element type: A category of data which represents a concept
and whose properties are expressed as a set of data element type
attributes which permit it to support information interchange.

3.14 delimiter: One or more characters used to indicate the beginning
or the end of a character string.

3.15 eftityT ANy Concrete or apstract—thimg—of—imterest—including
agsociations among things.

3.16 flield: A specified area on a data medium or in stqxage, [used for
al particular class of data elements.

ifdentifier: One or more characters used to ,ddentify or name a
dhta element type and possibly to indicate certain properties of
that data element type.

3.18 key: An identifier within a set of data-element types.

3.19 ppsition: Any location in a stringcthat may be occupied by an
ellement and that is identified by d<¢serial number.

3.20 skring: A sequence of elements' of the same nature, |such as
characters, considered as a whole.

3.21 thble: An arrangement of> data each item of which| may be
identified by means of arguments or keys.

4 Priinciples of coding
4.1 Information and.coding

In daily life information is understood as facts of and propositions
about |all the doncrete or abstract things of interest exprgssed by:
data, messages-and further particulars.
Information, ¥& necessary for the proper execution of any comnceivable
task He it“in administration, commerce, transport, science, etf.

Accuralte jobjective and unambiguous information is a prereqyisite in
cases |6f, computer based information systems and the data interchange
betwe threnr:

In formal information systems data is expressed in symbols (usually
digits or letters), arithmetic numbers and descriptions, which should
have a fixed, stable meaning for every one involved and thereby be
suitable for purposes of processing and communication.

Users, irrespective of their function or tasks, should be able to
understand, interpret and handle their information correctly.
Information shared by different user groups or application

systems has to have an agreed definition e.g. semantic meaning of a
concept (connotation) and all instances of a concept (denotation) and
an agreed representation.
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Coding covers the way and the form in which data is expressed by
codes.

It is necessary to make clear agreements on these representations.

An explanation of the representation forms and code elements 1is part
of the specification of data.

4.2 Coding

By coding is understood the rule-based assignment of code elements to
a named ard—defimed—set—of elements T an—eorderlty—way—
Coding 1s mostly done by means of symbols, (usually digijts or
letters),| resulting in a concise representation.

Example: | The assignment of code element: "CDG" as, Qthe concise
representation of airport name: "Paris Charles de Gaulle".| This
airport hame belongs to the set of airport names maintained by the
Internatjonal Air Transport Association (IATA). IATA"has set the| rules
for estalplishing the concise representations.

Coding is a necessary tool for information (processing. Coding of
information enables it to be recorded, interpreted, processgd and
transmitted by humans and/or by machines.
All kinds of information can be coded: J{information about products,
persons, |processes, documents, countries,{ ¢urrencies, packages, gtc.

Before making agreements on the . coding methodology, i.el the
representation of information concegning events, actions, concrete or
abstract |objects in the real world;(*it must be investigated which data
are relevant for the intended application. Information analysis pf the
universe |of discourse concerned“has to determine the role of the data
in the information structure thereof.
In doing this a clear “““distinction should be made between
identifi¢ation, classification and reference needs. :

5 Coding objectives

Information aboutth.any abstract or concrete object, action, or event of
interest (itscharacteristics or attributes) can be coded. [Before
making agreeménts on the configuration of their representatiom, the
coding rlilest 'it is necessary to determine the objective of the [coding
effort. [&,%s not enough to design an ordered short representatfion of
certain data First the information requirements must be clear.

The following requirements generally occur:

- identification
- classification
- key to further information.

When data modelling is applied for the specification of application
systems or messages for use in data interchange, the objectives of the
users in the application environment will determine the choice of the
entities and attributes to be taken into account as well as their
interrelationship. The methods to be used for identification,
classification or referencing will depend on those objectives.
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5.1 Identification

The purpose of identification is to distinguish elements of a set from
each other.

To be able to do this it must first Dbe determined which
characteristics have to be taken into account. Based on the selected
characteristics comparisons can be performed and it can be ascertained
whether an element of the set is equal to another element or different
from i To which degree of detail characteristics have to be recorded
to indicate similarity or difference of elements of the set,| depends
on the| area of application for which identification is needed.

Examplpe
For itls stock control of stationery an organization wants to |identify
varioup types of sheets of paper. Sometimes it may Pbe suffijcient to
distinguish the wvarious formats: A3, A4 or A5{¥ Depending| on the
utilizption of the sheets of paper other characteristics may be added,
such hs thickness, weight, chemical composition. If no |specific
requirements have to be met the recording of~the format may [suffice.
In other cases, where handling and processing of the sheets |of paper
are crfiitical the necessary characteristicst¢have to be mentioned.

So, identification can be defined as:
The syjstematic registration of characteristics of elements of [a set in
such al way that they can be distinguished from each other.
The characteristics to be distinguished are inalienably part of an
object| or concept of interest.
The extent of the detaills to bé observed is dependent on tHe user's
objectlives and the area of application.
These [criteria result in the‘“design or selection of an identification
system|.

Examplles of details to-be distinguished:

In the|l real worldl & person has a family name and a given name,| is born
in a cluntry, on_a certain date, resides in a country, his eyg¢s have a
certain colour,\~etc.

Applichtion’/1: In a governmental application system one Wwants to
distinguish the colours of eyes of citizens.

Applicatitomr 2T fmr—an appticatiomr—system—for—medical—researeH project
one wants to distinguish the colours of eyes of human beings.

In these applications the required degree of discrimination need not
be identical.

In the medical research application, it may be required that more
colours of eyes of human beings are to be distinguished than in an
application of a governmental body registering the colours of eyes of
citizens.

In practice this may result into a compromise when selecting an
identification system. Often the choice of a system is then determined
on basis of the wish to have a minimum number of identification
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context of an application or data interchange a key shall be unique.
In many application systems a reference number is needed as key to
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gives access to the data required.

Examples:

_ an order number may give access to the party to whom the order was
sent, on which date, and the goods or services ordered;

- an article number may be related to a description, its price, 1its
production process, the place of manufacturing;

- a salary number may refer to an employee, his name and address, his
birthdate, his rank, his salary.
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Reference numbers may be identifying in one application area, and
classifying in another.

6 Types of codes

This chapter provides a description of basic coding methods. It is
intended to assist in selecting appropriate code structures based upon
specific application requirements and the nature of the elements in
the set to be coded. It also provides principles and criteria to be

S T : L5z mentions

______ oo a - aVa Vo -

ges and disadvantages of each coding method.

advant
The choice of code structures 1is fairly extensive The following
informhtion, however, should help to select the best method

The céding methods discussed in this chapter (are outlined by the
ing listing. The set of methods shown isixot exhaustive |but does
include all the significant types.
tode structures applied in practice . ‘@are often combinations of

Sequenftial

incrlemental sequential

group sequential

arranged sequential (chronological, alphabetical)
Randon

Signiflicant codes
Mnemoric
Abbreviation based
Matrix
Hierarchical
Juxtagosition
Combirlation
Value |addition

6.2 dequential codes

6.2.1 Principle

Elements of a set to be coded are assigned a number Tarken sequentially
from an ordered set of numbers. These numbers are mostly natural
integer numbers (e.g. beginning with "1") but alphabetic characters
may also be used, e.g. AAA, AAB, AAC

Sequential assignment of code elements may be based on lists built in
various ways, for example:

1. The 1list of natural integer numbers limited to the number of
possibilities wished to be available.
2. Lists of numbers arranged on the basis of an algorithm, e.g. only

even numbers or multiples of 10.
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6.2.2 Use
Sequential codes are generally used as self contained codes for

identification or referencing purposes,
often in addition to a classifying code.

code,
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Elements of a set to be coded are assigned a code value determined by
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With this method a code value does not express any meaning.
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on to the advantages mentioned in 6.2.3.1,

is that the maximum capacity is used.

Similar

another advantage


https://iecnorm.com/api/?name=6a89cc340e86f79fc24b9351b44ea564

© ISO/IEC ISO/IEC TR 9789:1994(E)

6.2.3.3 Group sequential codes

With this type of code ranges code values are assigned to categories
of elements of the set which have something in common.

Before assigning a code value the category to which the element of the
set belongs must be determined. It is then assigned the next higher
code value belonging to the range of its category.

Example

Code for products in the area of o0il refining
In this code, each product is represented by a 4-digit number taken
sequentially from a series that is characteristic of thengrouping of
produdts.

These |groups of products, which have been determined \in advance, and
the cdrresponding ranges of code values are:

- das 1000 - 2999
- dgetrol and fuels 3000 - 4999
Advantlages
- Fast| assignment of code values.
- donciseness.

- Hasy validation of coded representations.

Disadviantages
- The maximum capacity is not fully“used.

Remark
This gystem must not be confuged with hierarchical codes (see [(.7).

Group [sequential coding must: only be used if the categories are stable
and there 1s no possibildify that an element of a set may belong to
different categories, now-or in the foreseeable future.

6.2.3.4 Arranged sequential codes

This i1s not a puke sequential code, although the code values|may give
the impression.
This fype can%only successfully be used if all elements of g4 set are
known |beforelfand and the set will not expand.
Beford assigning code values the elements of the set are arranged on
the basils)'of some characteristic, e.g. alphabetical order [of name,
chrondldgical (for events, actions). The order thus obtained 1is
expressed again by the code values which themselves have been chosen
sequentially from an ordered list.

This coding scheme makes it possible to easily retrieve and sort data
element instances. It 1is used in cases where it 1is impossible or
difficult to obtain the required results by use of the non-coded data
element instances, e.g. because of the presence of spaces separating
words or resulting from digit adjustment.

Advantages

- Fast assignment of code values.

- Conciseness.

- Easy validation of coded representations.
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Disadvantages
- The maximum capacity is not fully used.

Example
In France "Départements" have been coded numerically based on a list

sorted on alphabetical sequence. This code may be an element in other
codes, e.g. postal code, national identity number, vehicle
registration number.

A drawbac of thiga cxlrc‘l-cnm 1es that 1+ cannot asccocommodate extensions ,
which will probably arrive in future.
Taking the¢ example above: "Département Corse" was assigned cade [value
20. When (Corse" was divided into "Haute Corse" and "Corse du™Sud|" one
was obliged to use letters (2A and 2B, respectively) in a aumeric| code
and thus dreated anomalies.

6.2.4 Conclusions

When seleq¢ting a sequential code the pure incremental type offers the
best solution for purposes of flexibility, expefdability and eas$
assignmentf .

6.3 Random codes
6.3.1 Principle

Elements ¢f a set are assigned a code value from a set of posgible
non-arranded code values or by means of an algorithm. There is no
correlatidqn whatever between the\ element of the set and its | code
value. Thls method differs from Gequential coding in that the lhtter
uses sequentially ordered ranges® for code value assignment.
The purpodge of this method is*to render any interpretation impossifple.

6.3.2 Advantages

- Easy and| fast assignment of code values, possibly automated.
- Concisengss.
- Use of maximum capacity

6.3.3 Disadvantages

- Classififpation or grouping of elements of a set 1is impossible by
means of“\the coded representations.

- Need for a pre-established list or an algorithm to generate random
numbers, provided that any duplication of numbers is excluded.

6.3.4 Use

Random codes may be used as self contained codes for identification
purposes or as part of a composite code where the other part(s) are
based on other coding principles.
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6.4 Mnemonic codes

6.4.1 Principle

Elements of a set are assigned a coded representation by taking one or
more characters from their names.

The purpose of this method is to enhance the efficiency of wuser
memorization of code values.

6.4.2 Advantages

- Ease| of user memorization of code values, thus avoiding |frequent
condultation of code lists.
- Facilitation of the detection of errors.

6.4.3 Disadvantages

Codingl closely depends on the way in which the elements of the¢ set are
originlally expressed (language, measurement system, etc.).l A risk
exists| when creating mnemonics which, in the <user's language, has a
meaninlg with no connection to the occurrences, represented.

6.4.4 Use

Mnemonfic codes can be usefully appliedf for limited identifying code
sets which are rather stable and of{which the names for elgments of
the se€t are commonly known in the user's environment.

Examplle 1
From: |[ISO 3166 Codes for the representation of names of countrfes

Entity name Country code
Austria AT

Canagfla CA

France FR

United States US

Examplle 2
From: [UN/ECE Redommendation 20 Codes for units of measurement

Unit| name Coded representations
Centplitre CLT
Centfimetre CMT
Cubiticentimetre CMQ
C'le)j.v oot FTQ
Degree Celsius CEL
Degree Fahrenheit FAH
Gallon GLI
Kilogram KGM
Kilometre KMT
Kilowatt KWT
Metre MTR
Minute MIN
Piece PCE
Square centimeter CMK

Square foot FTK

1
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6.5 Abbreviation based codes
6.5.1 Principle

The essential characteristic of this «code is the method of
abbreviating the elements of the set denomination which is defined
uniformly right from the start.

The purpose of this method is to generate a shorter representation
directly from the original name of the element of the set. This method
resembles, but is different from, a mnemonic code as regards its
purpose.

6.5.2 Advantages

Easy compression of sometimes voluminous data extent.

6.5.3 Disadvantages

Uniquenesg of the code value resulting from the agbbreviation prpcess
cannot be| guaranteed, without re-examination of~all the code vplues
after each added code value.

6.5.4 Usge

Use of thiis type of code is recommended) for large sets of elements,
when it ip required to reduce the sizevof the representations of the
elements af the set.

Example

Telex answerback codes
The answetrback code is a stxing of characters that is automatigcally
transmitted by a telex terminal after it has received a coptrol
character |designated as WRU’ (who are you?). By agreement, the length
of the stying is restricted to at most 14 characters.

These codpd representations are of a variable number of characters,
but must hot exceed( 14 characters. The codes are most frequently| made
up by the| contraction of the name of the organization concerned| The
coded representations do not necessarily involve the Telex callling
number .

Organizaltion Call number Answerback
Comptoir—des—riandes——européennes 204 045 CEV 204 045F

5, rue de la Corderie, RUNGIS

Tuilerie générale du midi 490 695 TEGEMIDI BEDAR
RN de Clermont, BEDARIEUX

BENDIX Automobile Division de DBA 611 138 DBABX 611138

12
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6.6 Matrix codes
6.6.1 Principle

A matrix code is based on the existence of a double entry table. The
values assigned to the rows and columns of this table are used to make
up the coded representations of the elements of the set within this
table at the relevant coordinates.

The purpose of this method is to assign meaningful code values to
elements of the set which have a number of characteristics in common
in different combinations

6.6.2 Advantages

- Interpretability of code values.
- Easy|assignment of code values.
6.6.3 Disadvantages

- Need| for pre-establised tables, covering all the characteristics of

the elements| of the

set to be foded.

- Diffjcult to accommodate new requirements-such as new or |modified
charlacteristics, and new combinations.

6.6.4 Use

Matrix] codes can be usefully applied for identification purposes of
elemenlts of a set where the characteristics are well structured and
stableg.

Examplle
The f¢llowing table may be-lused to code light bulbs based |on their

charadteristics. For inst@nce, the standard clear 220/230 |V bulb,
power [60 W, B22 fitting-with a coded representation 04 BOl may be
interpreted as follows:

04: table numbex
B : line numbe¥' corresponding to a power of 60 W
01: column dumber corresponding to B22 fitting
Table Stafidard clear bulb Standard clear bulb
04 220/230 Vv 250/260 VvV
Pitting Fitting
otT—02—=03 04 65
40 W A B22 E27 B22 E27
60 W B B22 E27 B22 E27
75 W C B22 E27 B22
100 w D B22 E27 B22 E27
150 W E B22 E27 E27
200 W F B22 E27 E10

13
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6.7 Hierarchical codes

6.7.1 Principle

A hierarchical code is based on the breakdown of a set of elements to
be coded into successively and increasingly smaller groups.

Each group at a higher hierarchical level includes all the groups of
its lower levels and only these groups. This type of code is based on
the differences between the characteristics of the elements at each
level.
The charad¢teristics at each level must be mutually exclusive.

6.7.2 Adlvantages

- FEase of|classification or grouping of elements.
- Enables|reporting at higher aggregation levels.
- Interpre¢tability of code values.

6.7.3 Disadvantages

- Limited juse of theoretical capacity.
- Lack of | flexibility due to the refinement principle (where a |[level
may becpme overcrowded or higher levels canriot be rearranged wilthout
a total|review of the code).
- The need to follow the sequence of codet/lévels from the highest [level
downwarfls in order to assign a code value or interpret it.
- The complexity, dependent on the ™mumber of 1levels, risking the
reintrofluction of a characteristic®that has already been used|at a
higher level.

6.7.4 Usge

Hierarchig¢al codes are generally used for classification purposes| The
number of| levels established depends on the information requirements.
Hierarchigal codes are less suitable for identification and
referencing purposes.

Hierarchigal codes are very suitable e.g. for statistical purppses,
for reporfing onsgoods movements, for classification of publications
on subject. Both{fixed and variable formats occur in practice. [Fixed
formats ape more’ easily processed than variable ones.

Example 1

Fixed incremental format

From: Harmonized Commodity Description and Coding System (Harmonized
System)

The harmonized system code format consists of 6 numeric positions,
split up in interdependent segments of 2 positions.

37 Photographic and cinematographic goods

3705 Photographic plates and films exposed and developed, other
than cinematograph film

370520 Microfilms

14
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Example 2
Variable incremental format

From: Universal decimal classification (UDC)

The number of characters and segmentation of the coded representations
are variable, so that the degree of detail of the description can be
extended to the desired level.

The cpncept of "gslope of roofs in architecture" ig expressed by the

coded|representation 624.024.13.

624 Civil engineering
62402 Construction components
624024 Roofs, roofing

624].024.13 Roof slopes

6.8 Juxtaposition codes

6.8.1 Principle

Juxtaposition codes are composite codes consisting of | segments
provigling the characteristics chosen to, represent the elements of the
set. [These characteristics are indepéndent of each other. The coded
representations combined in this waydmay be of any type (sggquential,
mnemomic, random) .

6.8.2 Advantages

- Easg of grouping of elemeats of the set is based on ong or more
chafracteristics expressed-in the code values.

- Capdcity related to thenumber of values which each chargcteristic
can| take.

- Intgrpretability of/code values.

6.8.3 Disadvantages

- Reqyirement to6-include a great number of characteristics mpy result
in p large-humber of characters per code value.
- Difflicult~to accommodate requirements for new characteristicls.

6.8.4 Use

Juxtaposition codes are very suitable for classification of articles
that have several characteristics in common.

Fields of application are e.g. traceability coding (which product,
where and when manufactured) or group technology approaches for
development and manufacturing.

Example
Coding of metals:
NNNN NN NNN
grade shape dimension

15
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The three types of characteristics (grade, shape and dimension) are,
to a large extent, independent of each other.

6.9 Combination codes
6.9.1 Principle

Combination codes are composite codes consisting of segments providing
the different characteristics of the elements of the set. These
characteristics are dependent on each other and generally have a
hierarchiga® relationship- In £his Sens they Siffer from
juxtaposittion codes.

6.9.2 Advantages

- BEasy asslignment of code values.

- Facilitaltes the allocation and maintenance of code values.
- Enables |[to a certain extent the interpretability of the code wvalpes.
- Facilitates the validation of code values.
6.9.3 Disadvantages

- Theoretilcal capacity may not be fully used.

6.9.4 Use

Combinatign codes are often appliedy for identification purposes
covering a wide area of application.

Example of the European Article Number code

EAN cod€
nnnnnnnnnnnnn complete“EAN-product identification
nn country
nnnnn enterprisg€ Maffiliation number)
nnnnn product identification
n check digit
6.10 Value addition code

6.10.1 Pxinciple

With this|“\&ype of code only numbers representing powers of 2 are
permissible and valid for the representation of elements of the set.
This type of code can be applied when elements of the set have to be
combined.

The coded representation of each occurrence is a power of 2:

1, 2, 4, 8, 16, 32, 64, 128, 256, 512, etc.

A table of values is drawn up by assigning a value of a power of 2 to
each occurrence:

16
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Occurrence Value Occurrence Value
1lst 1 6th 32
2nd 2 7th 64
3rd 4 8th 128
4th 8 9th 256
5th 16 10th 512
6.10.2 Advantages
Conciseness.
6.10.3 Disadvantages
Algorijthm needed for assignment and interpretation.
6.10.4 Use
This method 1s suitable for small sets of eleménts, requiring many
combirnjations, provided that their order is indifferent. By dYsing the
table |1t is possible to assign a unique coded,representatign to any
combination by adding the values of all relevant elements.
Example
The cgmbination of elements 1, 8, 4 andy9 will be coded 393, being the
sum off 1, 128, 8 and 256.
With knowledge of the table of attributes of a code of this|type, it
is always possible to identify its elements because with the pumbering
chosen (powers of 2), 393 can only be the sum of 256 + 128 + § + 1.
7 Features of codes
7.1 General features
The general features of a code are the following:
- Uniqueness
- Expandabil ity
- Concliseness
- Simplicity
- Verslagility
- Suitlabf¥lity for sorting
- Stability
- Significance
- Size
- Structure and format
- Capacity
7.2 Unigqueness
Unigueness is a basic characteristic of any code.
Uniqueness 1is obtained if one and only one element of the set

corresponds with one code element and vice versa.

17
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7.3 Expandibility

This means the adaptability of the code to accommodate requirements
for new elements to be added at the right place in the coded set,
without having to recode or restructure the code. The code should
allow for extension of existing subdivisions as well as for addition
of new subdivisions.

The planned duration of a code must take into account the number of
elements of the set to be coded and the stability or dynamics of the

environment governing the extension of the set of elements.

7.4 Conciseness
The numbgr of characters of a coded representation governs| the
capacity of a code.
A coded rjepresentation should have the smallest number Of charagters
required tfo code current and future elements of a set.
A short cgded representation is advantageous for:

- data entry

- data ejxchange by electronic means or otherwisge

- storagle in data bases

- data processing.
7.5 Simplicity
The coding method should be easily uhderstood and applied by users,
also by lé¢ss experienced ones. Conciséness and choice of the charpcter
set contrlbute to this as much as the clarity of the concepts chpsen,
definition of structures, the absence of exceptions and deviatfions,
and the efifectiveness of assignment procedures.
7.6 Versatility
The code phould be applicable in different related application afeas.
This suppdrts system integration.
7.7 Suyitability(for sorting
If it 1is |required to generate or process data in a prescribed prder
the code ghould.-facilitate this requirement.
Suitability for sorting depends closely on the type of code chosen.
In composlfite codes (e.g. hierarchical codes) sorting and/or grouping

on the nature of the elements

of the set and the purpose of the

system. These possibilities depend basically on the number of segments
provided for in the code structure or the significance expressed in
the code values.

7.8

A code

is
without 1ts structure having to be modified.

Stability

stable when

it makes allowance for projected variations
At the level of coded

representations this concept is seen in terms of the stability of the
unique elements that they represent.
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Users need a code that i1s stable. The assignment of code values must
be done with the slightest possible chance of modifications, with
respect to the code values themselves as well as to the code
structure.

Modifications are costly, give rise to errors, require much time and
capacity and may harm the total system 1if they are not managed
properly.

Coded representations that are deleted when elements disappear from
the set, must not be re-used for other items.

7.9 __Significance

A coddg is said to be significant if its coded representatieng express
their | meaning directly (e.g. mnemonic codes) or ihdirectly by
referdgnce to one or more tables (e.qg. hierarxichical codes,
juxtaposition codes).
Signiflicance relates also to the possibilities of sorting and|grouping
on thd basis of the characteristics of elements ofi{'the set using their
coded |representations.
Signiflicance 1is particularly important in case of «classjification
purposies. For identification and reference  purposes non-significant
codes |are recommended.

7.10 Size

Size is expressed as the number of positions of a coded
repregentation.
Code values can be defined as having a fixed or a variable npumber of
charadgters.

Code |values of a variable  number of characters have two major
drawbdgcks:

1.The | number of characters is unpredictable which may give| rise to
judtification probléms, when storing the code value in a data field
whilch accommodatles more characters than used for the code value.
Datd may eitherhave to be "left justified" or "right justified" or

to be aligned on a decimal

sign.

Left and\right justification errors are common in data entry (field

shilft)y.. The incorrect use of coded representations having a
vani@ble number of characters in fixed format data fields|may lead
to "rfferent J.cbu.cacutu.tiuus (SUCh oS **12, X1 2% oy 12**, where *
represents SPACE) that are not recognized by data processing

devices as being the same coded representation.

2.Errors due to omission or addition of characters cannot be easily
detected either by humans or by machines.

The uncontrolled addition of prefixes and/or suffixes to an original
code value is a general and often occurring problem. As prefixes
and suffixes mostly are of a variable nature and will not always be
present, this will easily give rise to wrong interpretations and
errors.
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For these reasons code values with a fixed number of characters are
recommended.

7.11 Structure and format

The format (or character structure) of a code value should preferably
be all numeric or all alphabetic. Mixed formats (alphanumeric formats)
can be used when particular character positions, e.g. the first or
last ones, are always alphabetic or numeric. Random alphanumeric
formats should not be used, because there is considerable risk for
human errexs-

The structure of a code defines:

- the numlper of positions or groups of positions making ,up” the [coded
represehtation;
- the set |of valid characters for each position.

Note: Spafkes can be an integral part of a structure.

Input validation to detect syntax errors relate basically t¢ the
structure|l Each position of the coded representations for each |[group
of severgl positions could thus be defined ‘@s: alphabetic, nunleric,
alphanumeric, special.

7.12 Capacity
This is the number of coded representations which may be formed Hy the

combinatipn of all usable characterg “for each position, taking adcount
of the chpsen numeric base.

Examples
1.for 1 ppsition, base 2, with binary characters: CcC =2
2.for 1 ppsition, base 104

with numeric decimal characters: c =10

3. for 1 position, basen26, with alphabetic characters: C = 26

These capacities _are theoretical. They presuppose the use of all
combinatipns of adl ' characters.
Restrictipns indtially made for practical or conceptual reasons reduce
these thepretical capacities.

When cal¢uifating the capacity of a given code for covering all
situations—white mMaintainming code Unigueness, the folliowing formula
applies (assuming 24 alpha characters and 10 numeric digits are used,
because the letter I and O should be avoided whenever possible):

C = (24A) (10N)

where

C = total available code combinations possible

A = number of alpha positions in the code

N = number of numeric positions in the code

(A + N, when combined, equal the total positions of the code).

Note: The above formula assumes that a given code position is either alpha or numeric
never both. If a given position can have both alpha and numeric characters,
the formula becomes:
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C = (36)A+N or

C = (34)A+N when the letters "I" and "O" are not used.

The position(s) occupied by check character(s) should not be taken
into account when calculating capacity.

In practice, the choice of capacity is the result of a compromise
between:

1. forgeasts—for cz&tcudiug the svysten;

2.limitations in the number of characters comprising ~\the coded
representation;

3.ease of writing and using coded representations;

4.desired useful life of the system;

5.opefating costs, etc.

Capacity should be considered as a limit: it is”“for information, as
distirlct from the number of coded representations) existing in| the code
at any given time or the number of coded représentations which have
been assigned since the code was set up (séme of them may have been
deletdd in the meantime) .

8 Representation of code values
8.1 Character sets

A featture of all codes is that *there is a method of representation of
code vialues which makes use oftdifferent characters.

A codg 1s said to be:

a.numgric if it uses digits only;

b.alphabetic if it uses letters only;

c.alphanumeric if it -uses both digits and letters, possibly along with
special characters.

Digitg

The digits.used are the Arabic numerals: 0, 1, 2, 3, 4, 5, 6,|7, 8 and
9.

Letters

The alphabet used is the Latin alphabet.

When required, the whole alphabet of 26 letters may be used or only
part of this alphabet. The use of national characters in coded

representations is out of the scope of this technical report.

It is recommended to use only letters in a single case (upper case or
lower case).

Special characters
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Special characters may be used in coded representations to supplement
alphabetic characters (&, $ ...); in this way, capacity is increased
and families of characters are available which may be reserved for
specific processing

The following characters should be avoided:
1.characters which do not belong to the invariant set of ISO 646 IRV;

2.characters which can be misinterpreted or incorrectly transcribed.

} e I . | s a . =] lo i P |
ThUS, S:Jabcb SLIOU LU DT TLLINLIIALTU WIITLTVCTL PUSOS1IULT.

Examplel: 123 ABC should be written 123ABC because the spade~hhs no
meaning and it could be omitted when it is transcribed.

3.charactkers which can be used as service characters innthe franlework
of syntax for data interchange.

Examplel: question mark (?), colon (:), plus sign,{(+#), apostrophe (')
are usled as service characters in class A of TSSO 9735 (EDIHACT).
Howevey, an escape possibility is provided fox.

NOTE: THe use of an alternative character set is permitted by extensions [of the
characterer sets which are registered- according to ISO 2375.| If a
character set, other than ISO 646 IRV is specified, the subset |of the
character set to be used for othe coded representation shall be
identified by the Issuing Organization.

8.2 Representation techniques

For the physical representation.of code values a number of options is
available| Which option will be chosen will depend on the applidation
area and the devices available:

For manuall processing preference is usually given to human reddable
coded repfesentations.,  In this case code values will be presented in
the traditional way Sy character symbols using Roman letterg and
Arabic numerics. This’ presentation will also be chosen for conputer
output, He it inpdper documents and listings or on visual dilsplay
units.

If requirlements ask for processing by mechanical or electronic |means
other methods’/are available.
One of theomost frequently used methods is automatic identificdtion,
of which the bar coding method is in widespread use. A number of bar
coding symbologies exist.

The choice of the symbology should be carefully made. It depends on
the application area, the user groups and the agreements made in
certain environments or functions.

For numeric code values two symbologies are in general use:

- Symbology used in the retail trade for points of sale, developed by
UPC (Universal Product Code) for the North American area and EAN
(European Article Number) for the rest of the world.

This symbology is mainly used to encode manufacturer and article
identification numbers on consumer products.
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This symbology encodes numeric data in a high density format.

For alphanumeric code values the most popular symbology is:

- Code 3 of 9 (Code 39).
This symbology encodes a full uppercase alphabetic and numeric
character set, plus several other characters, in variable length bar
code symbols.
Beside bar coding other automatic identification methods exilst such as
optical character reading (OCR) or magnetic stripes.
A new development 1is the smart card provided with .an integrated
circuit. A smart card can hold a big volume of data‘which in most
cases |can be processed.
9 Design of codes
This g¢hapter is intended to support the design' of codes. They| may help
to avyoid the potentially expensive consequences of inadequately
conceilved and developed codes.
It shpuld be noted that often requifements may be in conflict with
each o¢ther. For example, if a coding{ structure is to have sufficient
expendability for future needs, conciseness may have to be spcrificed
to some degree. Hence, all aspects must be thoroughly consifered and
tradedjoffs be made to obtain optimum efficiency for the application
area d¢oncerned.
9.1 General
9.1.1 Preparation
When @ new code is Trequired sufficient time and effort must|be spent
in pfeliminary _sStudy, definition and planning of the pctivity.
Potenttial problems must be anticipated and all alternakives be
carefully evaluated prior to implementation of the new code.
9.1.2 Use of existing codes
Existing‘\¢odes should be used whenever possible. New codes should not
be degsighed unless absolutely necessary. The preferences of fphe users

should always

be taken 1into consideration. It 1is

advantageous

to

consider all coding schemes employed by the intended users of a new

code.
Preference should always be given to the adoption of agreed
international codes, such as those laid down in ISO standards, UN/ECE

recommendations and directories and by international organizations.

9.1.3

When properly used,

Code significance

significant codes provide a basis for a

dditional

information and tend to be easier and more reliable for human use than
non-significant codes. However, caution must be exercised in the
development of significant codes to assure that significant parts are
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connected to stable entities. For example, a significant code for an
organization should not Dbe associated with the 1location of the
organization when a change in location would result in a change in the
code. Excessively significant codes can become unmanageable and lack
expendability, and should thus be avoided.

For most identification purposes and for all referencing purposes the
use of non-significant codes 1is recommended. See chapter 3 for the
advantages and disadvantages of the various coding methods.

9.1.4 Multiple code set compatibility

In some ipstances more than one code or representation is necessalry to
meet systeém requirements. A single code is the ideal objective,?but is
not alwayg the most practicable solution. Multiple codes, .’ f nleeded
should be|translatable from one code to another, i.e. the Atems ryemain
unchanged| only the codes are different.

9.1.5 emonic codes

Mnemonic fodes may be used to aid association and memorization,| thus
increasing human processing efficiency, provide@,they are not used for
identification of wvery 1long, unstable 1ligts of items. Mnemonic
structure must be carefully chosen, however, to insure | that
flexibility 1is not sacrificed. Mnemonics ¢should generally be avioided
if the pokential code set is very large,//Because the effectiveneps of
the mnemonic feature decreases as thenumber of items to be [coded
increases Where mnemonic or otherwise meaningful coded
representgtions cannot be provided fotr all elements of the set ip the
system, preference should be given ‘to the elements having the hilghest
use frequeéency.

9.1.6 Code naming

All independent code segments must be individually named | with
standard, |unique, consistently applied labels.

9.1.7 Calculation of)'code capacity
When caldqulatings.the capacity of a given code for covering all

situationg while&~maintaining code uniqueness, the formula given in
7.12 appliles.

9.2 NYmber of characters

9.2.1 Conciseness
Code values should consist of a minimum number of characters to

conserve space and reduce data communication time, but at the same
time be optimized in terms of the code users capabilities.

9.2.2 Fixed number of characters
A code of a fixed number of characters (e.g. always three characters,

not one, two, or three) 1s more reliable and easier to use than a
variable length code.
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9.2.3 Segmentation

Code wvalues having more than four alphabetic or five
characters should be divided into smaller segments

reliable recording, e.g. XXX -XXX-XXXX is more reliable
KXXXKXKXXXXX.

9.2.4 Potential expansion

ISO/IEC TR 9789:1994(E)
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ded representation.

oxr avi—anrq{ng f‘lﬁc

Format of the coded representation
User considerations

components and segments should be formatted: according
for information, considering dgreatest ,ase of scan
icy and completeness,

Alphabetical versus numeric

recording of numeric code values Ads-“generally more reli
bf alphabetic (all letters) or alphanumeric code values
)ic characteristics exist. Controlled alphanumeric cod
where certain positions aresalways alphabetic or numé
reliable than random alphanumeric code values. For examp
the first two characters(are always letters and the 1
l ways numbers) 1is a moxie reliable format than when 14
'S can appear in any position.

b

Character grouping

ses where the code is structured with both alpha ang
‘ters, similar ~“character types should be grouped

rsed througheitt the coded representation. For exampl]

occur in-‘a) three character code where the structure
numeric ((e.g. HWS5) than in the sequence alpha-nume
H5W) .

Code position sequence

If a

and compactness of tHe data content].

ormat of

to user
ning for

Able than
where no
le values
bric) are
le, AA999
ast three
ptters or

I numeric
and not
e, fewer
is alpha-
ric-alpha

¢dde divides an entire entity set into smaller group!

Ings, the

high-order positions should be broad,
positions should be the most selective and discriminating
any suffixes).

general categories;
(

An example is the numeric representation of

according to

ISO 8601
or more independent codes,
higher-order

(YYMMDD) .

position shall be Dbased on usage requirem

processing efficiency considerations.

low-order
including
the date

If a composite code is designed consisting of two
the individual code segment occupying the

ents and
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9.3.5

Code segments should be separated by a hyphen

exist 1in

789:1994(E) ©

Separation of code segments

complete separation (when stored and displayed)

(when displayed)
if the

ISO/IEC

or

positions or segments are completely independent of each other and can

stand alone

9‘3.6

(i.e. no other code is required for their meaning).

Check characters

Considera
character
code prev
record an

9.4 C
9.4.1 S]
Familiar

or number
be avoids
where a h
ABC...Z O
may use |
vocabular
character
standards
Informati
9.4.2 v
When it

character
character
1, letten
number 6;
9.4.3 A
Non-signi
when pron

o shourd—Pbe—giver—to—the—addrtiomr—of = —e=rror=dety
to avoid errors in recording. Employment of a self chd
ents many unnecessary problems of posting data to ,the
1 providing misinformation.

haracter sets
becial characters

characters should be used, and characterxsVother than 14
s (such as the hyphen, period, space, lasterisk, etc.)
d in code structures (except for sepdrating code segrn
yphen or space may be used). Single:case letters only,
r abc...z, are to be used in codés. Names and abbrevis

g

3

y for a given code system should contain the fewest pog
classes. Wherever possible, «.the character set used for
should conform to the ISO, 7 Bit Coded Character Se
bn Processing Interchange «(see ISO 646).

isual similarities

s necessary to usev an alphanumeric random code strud
that are easily perceived as, or confused with,
should be avdided. Some examples are: letter I vs.
O wvs. number. zero, letter Z vs. number 2; letter

letters B aind'S vs. number 8; and letters O and Q.

-
=]
I~
=

1]

tousticalt. similarities

should avoid characters that can be con
for example the lettsg

ficant )codes
punced (acoustically homogeneous) ;

oth upper and lower case letterks and other characters|.

cting
cking
wrong

tters
hould
ients,
i.e.
tions
The
sible
data
t for

ture,
other
umber
5 Vvs.

{7

fused
rs B,

D, G, P, and.T or the letters M and N.
9.4.4 Vowels
Avoid the use of vowels (A, E, I, O and U) in alpha codes or portions

of codes having three or more consecutive alpha characters to preclude
inadvertent formation of recognizable plain language words.

9.4.5

Collating considerations

Any specific character position should be either alphabetic or numeric
in order to avoid collating sequence incompatibility.

9.5
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