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Zusammenfassung

Design and Implementation of a Generic ASN.1 Editor
(Entwurf und Verwirklichung eines generischen ASN.1-Editors)

Die Struktur vieler in der Kommunikationstechnik ausgetauschter Daten wird in
ASN.1 (Abstract Syntax Notation One) beschrieben. In dieser formalen, maschinell
verarbeitbaren Sprache beschriebene Typdefinitionen werden von ASN.1-Compilern
in Aquivalente Datenstrukturen einer Zielsprache wie z.B. C++ umgeformt. Ebenfalls
von diesen Compilern erzeugte Funktionen konvertieren ASN.1-Daten zwischen ihrer
rechnerspezifischen internen Darstellung und ihrem recherunabhéngigen Austausch-
format, das meist durch BER (Basic Encoding Rules) definiert ist.

Das binare BER-Format ist nicht menschenlesbar. Problematisch wird dies, wenn
bei Programmierfehlern die zwischen kommunizierenden Programmen ausgetausch-
ten Daten untersucht werden missen. Ferner ware es niitzlich, wenn Daten fiir Test-
zwecke erzeugt oder modifiziert werden kénnten, ohne daftr extra spezielle Program-
me schreiben zu muissen.

Diese Diplomarbeit beschreibt den Entwurf und die Entwicklung eines Editors fur die-
se Zwecke. Seine grafischen Elemente erlauben sowohl die Darstellung der Daten ent-
sprechend ihrer Struktur und ihres Typs als auch deren Veranderung. Der Darstellungs-
ausschnitt kann gezielt gewahlt werden; umfangreiche Daten werden so handhabbar.

Der Editor basiert auf zwei Hautpkomponenten: Snacc, einem ASN.1-Compiler, und
einer grafischen Benutzeroberflache.

Mit Snacc kdnnen C++-Quelldateien mit Typ- und Funktionsdefinitionen erzeugt wer-
den. Ein C++-Compiler Ubersetzt diese Dateien, und die Namen von Datentypen
und deren Komponenten werden zu Speicheradressen. Um auch noch im Ubersetzen
Programm auf die urspriinglichen Namen zugreifen zu kénnen, muf3te der ASN.1-
Compiler so erweitert werden, daf3 er die erzeugten C++-Klassen mit Information tiber
ihre eigene Struktur ausstattet, mit ,Metacode”. Mit Hilfe virtueller Funktionen konnte
eine speicher- und recheneffiziente Implementierung verwirklicht werden.

Die grafische Benutzeroberflache wurde mit Hilfe von Tk, einer kostenlos erhéltlichen
Implementierung des Motif-Look-and-Feel, geschaffen. Hinzugenommen wurde ein
als Freeware erhéltliches Tree-Widget, mit dessen Hilfe die hierarchische Struktur der
ASN.1-Daten dargestellt wird.

Samtliche Komponenten, die Snacc-Funktionen, Tk und das Tree-Widget, wurden in
die Erweiterungsprache Tcl eingebettet.

Der generische Editor besteht aus einer Anzahl von Tcl-Skripten. Sie steuern den Auf-
bau der grafischen Oberflache, lesen und schreiben die ASN.1-Daten und erlauben de-
ren Verénderung.

Soweit bekannt ist, handelt es sich hier um den ersten freeware ASN.1-Editor; er kann
mit Hilfe kostenlos erhaltlicher Tools gebaut werden.






Abstract

Design and I mplementation of a Generic ASN.1 Editor

In the field of data communication the structure of the data exchanged is often de-
scribed in ASN.1 (Abstract Syntax Notation One). ASN.1 is a formal, machine
parseable language. ASN.1 compilers turn ASN.1 type definitions into equivalent data
structures in a target language, C++ for example. Functions generated by the same
compiler convert ASN.1 data between their machine dependent in-core representation
and their external architecture independent format, that most often is defined through
BER (Basic Encoding Rules).

BER is a binary format that is not human readable. This becomes a problem when in
case of programming errors the data that is exchanged between communicating pro-
grams has to be examined. Moreover it would be useful if, for testing purposes, data
could be generated or modified without having to write special programs.

This diploma thesis describes the design and implementation of an editor for these pur-
poses. This editor displays ASN.1 data and allows their modification using graphical
elements according to the data's structure and type. The user can select which and how
much of the data is to be displayed; voluminous data becomes manageable.

The editor is built based on two main components: Snacc, an ASN.1 compiler, and a
graphical user interface.

Snacc can be used to generate C++ source files with type and function definitions. A
C++ compiler translates these files, and the names of data types and their components
become memory addresses. For the original names to be accessible in the compiled
program even after compilation, the ASN.1 compiler had to be augmented: the gen-
erated data structures need information about their own structure, some “metacode”.
Using virtual functions a space and time efficient implementation could be realized.

The graphical user interface was created with the help of Tk, an unencumbered imple-
mentation of the Motif look and feel. A freeware tree widget was added that helps to
display the hierarchical structure of the ASN.1 data.

All the components, the Snacc functions, Tk and the tree widget were embedded in
Tcl, an extension language.

The generic editor consists of a number of Tcl scripts. They control the user interface,
they read and write the ASN.1 data, and they allow the data to be modified.

To the best of my knowledge this is the first ASN.1 editor that is free and that can be
built using tools that are freeware or unencumbered software.



Vi



Contents

Vi

1 Introduction 1
1.1 TypographicConventions... . . . . . . . . ... ... ... .... 6
2 An AbridgeIntroduction into ASN.1 and BER 7
21 ASN.ITypes. . . . . .
211 SimpleTypes . . . . . . ..
21121 NULL ... .. ... ... . .. ..
2112 BOOLEAN . ... ... ... ... ... ..... 10
2113 INTEGER .. . ... . ... ... ........ 10
2.1.1.4 ENUMERATED. . .. .. ............. 10
2115 REAL ... ... ... . .. 11
2116 BITSTRING ... ...... ... ... ..... 11
2117 OCTETSTRING ... .............. 11
2118 CharacterString . . . . ... ... .. ...... 12
2119 OBJECTIDENTIFIER. . . . .. ... .. .... 12
212 Structured TypeS .. . . . . v o o i 13
2121 SETandSEQUENCE... ... .......... 13
2122 SETOFand SEQUENCEOF . ... ...... 14
2123 CHOICE. . . . ... . i 14
2.1.2.4 ANY and ANY DEFINEDBY .. ... .. .. .. 14
213 UsefulTypes . . . ... .. . . . 15
3 Snacc 17
3.1 GeneralOverview . . . . .. . . . e 17
3.1.1 TheSnaccCompiler . .... ... ... ... ... ..... 18
3.1.2 TheSnacclLibraries . .... .. ... ... ... ...... 18
3.2 EvolutionfromVersion1.1to1.2fj. . . . . .. ... ... ... .. 18
3.3 ASN.1toC++ Naming Conventions . .... . . ... .. ... ... 20



viii

4

CONTENTS
The Metacode 23
4.1 Implementation . . . . .. .. ... 24
411 NamedValues .. ............. .. .. ..... 32
412 TypeswithMembers . . . ... ... ... ... ...... 33
413 SETOFand SEQUENCEOE. ... ............ 35
414 Ali@ses .. . .. ... 37
415 ANY(DEFINEDBY) ... ... .. ... ... .. ..... 38
416 Modules . . .. . ... 38
4.2 Efficiency . . . . . .. 39
4.2.1 NormalOperation . ... .................. 39
422 Metacode . . . . ... 39
4.3 Metacodevs. TypeTables . ... .. ... ... ......... 40
Tcland Tk 43
5.1 ProblemsandPitfalls ... ... .. ... .. ... ... ... 43
5.1.1 ThelnputParser. . . . ... .. ... ... ... . ... .. 43
51.1.1 Quoting . . . .. ... 45
5.1.2 Non-orthogonalcommands .. .. . . . . ... ... ..... 47
5.1.3 The Trace Mechanism . . .... .. ... .......... 49
514 NameSpace ...... ... ... ... ... 51
5.2 Conclusion . . . ... ... ... . 52
Tcl Interface 53
6.1 Thesnacc Tclcommand . .. .. . ... .. ... ........ 54
6.1.1 FileCommands.. ... ................... 54
6.1.2 Generic InformationRetrieval . . . . . ... ... ... .. 56
6.1.3 Operations on Contents and Structure . . . . .. ... .. 57
6.2 AnExample Session ... ... .. ... oL 59
6.3 Implementation . . .. . ... ... ... o 61
6.3.1 LowerlLayer . . ... ... .. ... ... 61
6.3.1.1 Generic Information Retrieval . .... . . .. ... 62
6.3.1.2 Operations on Contents and Structure . . . . . . ..
6.3.2 UpperlLayer . . .. ... ... ... ... 63
6.4 Setup forthe Tcl Code Generator . . . . . .. .. ... ...... 64
6.5 Deficiencies . . . . . . .. L 64

62



CONTENTS

7 SnaccEd, the Snacc Editor

7.1 ManipulatingtheDisplay . . . . . . .. .. ... ... .
7.2 TheContentWindow . . .. .. ... ... ... . . ........
7.3 Building YourOwn Editor . . . . . . ... ... ... ........
7.4 Implementation . . . . ... ..o

7.4.1 Procedures . . ... .. ...

7.4.2 DataStructures .... . . . . ... ...
75 FutureWork .. . . . . . L

A Coding Tricks For Readability

B Makefiles
B.1 CVS, Dependencies and Make's Include Statement. . . . . . ..
B.2 Circular Dependencies .... . . . .. ... ... ... ... ..
B.3 Compiling Different Libraries from One Set of Source Files. . . .
B.4 Configuration, Optional Code and Makefiles . . . . . ... .. ..

C ASN.1Filesfor the Editor Example

65
67
68
71
72
73
74

76

79

81
81
81
83
83

85



CONTENTS



List of Figures

11
1.2

7.1
7.2
7.3
7.4
7.5
7.6
7.7

Building Scheme: Snaccwish and Application . . . ... ... .. 3
SnaccEd: An Example Screen Shot (1).. ... . . . . ... ... .. 4
SnaccEd: An Example Screen Shot(2).. ... . . .. .. ... ... 65
The File And Content Type SelectionBox. . . . .. .. ...... 67
Content editors for ASN.1 Simple Types .. . . . . . .. ... ... 69
Content Editors for ASN.1 Structured Types . . . . ... ... .. 70
Popup for Import/Export of OCTET STRING Contents . . . . . . 70
Popup for Action Selection for SET OF and SEQUENCE OF Types .

Datain aRecursive ASN.1Type... . . . . .. .. ... ... ... 76

Xi

70



Xii LIST OF FIGURES



Chapter 1

| ntroduction

This thesis is about a generic editor for ASN.1 data files.

Abstract Syntax Notation One (ASN.1) provides a platform independent language to
describe hierarchical data structures, especially for data that is to be transmitted in
communication protocols. ASN.1 does not imply any implementation or data format.

It is a formal, machine parseable language and compilers have been built that read the
abstract type descriptions and transform them into concrete data structures and/or func-
tions that transform ASN.1 data between their machine specific in-core representation
and an architecture independent external representation. Chapter 2 gives a brief intro-
duction to ASN.1.

The external representation that is most often used is BER, the Basic Encoding Rules.
BER is binary format, it is not human readable.

If protocols were described in terms of bits and bytes, programmers would have to
concern themselves with, for example, their hardware's word length, byte order and
floating point representation and how their compilers pack data structures. They would
have to write software that transforms data between their machine's representation and
the format that is defined in the protocol definition.

Given an ASN.1 description and an ASN.1 compiler that adheres to the Basic Encod-
ing Rules, they can save a great deal of work and start at a higher level of abstraction.

Chapter 3 describes Snacc, an ASN.1 compiler. Snacc has been developed by Michael
Sample at the University of British Columbia (Canada). In 1993 he released it to the
public as freeware, and it became quite popular since then. Snacc is no longer main-
tained by its original author.

Snacc is able to turn ASN.1 descriptions into C or C++ code.

Snacc has been picked by the GLASS project as its ASN.1 compiler of choice.
GLASS is a joint scientific project of Digital CEC (Karlsruhe), GMD FOKUS (Berlin),
Grundig Multimedia Solutions (Nirnberg), IBM ENC (Heidelberg) and PRZ der Tech-
nischen Universitat Berlin; it is funded by DeTeBerkom (Berlin). GLASS, short for
“GLobally Accessible ServiceS”, is a distributed multimedia system. Within this
project, Snacc is used to generate C++ code. IBM ENC made a couple of enhance-
ments to Snacc's C++ code generator: destructors got added to the generated C++
classes and huge inline functions were turned into normal functions to reduce the size
of the generated object code.
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During the writing of this thesis, Snacc's code was reorganized, duplicate configura-
tion files and libraries got merged, the configuration was simplified and the C++ code
generator got completed. An additional code generator for CORBA IDL is currently
being developed.

The resulting Snacc version has been released to the public and has met with posi-
tive response. It is available &$ p: // ft p. f okus. gnd. de/ pub/ f r eewar e/
snhacc/ snacc- 1. 2rj . patchl evel . tar. gz.

Out of the GLASS project rose the desire for a simple tool for browsing of BER en-
coded PDUs (Protocol Data Units). The binary BER format is problematic when in
case of programming errors the data that is exchanged between communicating pro-
grams has to be examined. Moreover, it would be useful if, for testing purposes, data
could be generated or modified without having to write special programs: the tool
should be an editor.

The editor should not be designed for a certain set of ASN.1 files; it should be generic
so that ASN.1 data of arbitrary type can be displayed and modified in a consistent user
interface. The user interface should be a graphical, not a text based one.

Snacc is the underlying utility for this editor; the Compiler has been augmented so that
the ASN.1 data and their descriptions become accessible to generic programs. Since
this task was best realized using C++' virtual functions, only Snacc's C++ part got
extended.

Snacc can be used to generate C++ source files with type and function definitions. A
C++ compiler translates these files, and the names of data types and their components
become memory addresses. For the original names to be accessible in the compiled
program even after compilation, the Snacc generated data structures had to be aug-
mented and some access functions had to be added. This additional information de-
scribes the C++ classes themselves, and therefore this code was termed “metacode”.
In the ASN.1 compiler, both the structural information and the names in string form
are present—they are necessary to generate the C++ source files. The metacode is de-
scribed in Chapter 4.

The graphical user interface should be built using publically available software. Tcl/Tk
was chosen as it is unencumbered software that implements an appealing widget set,
the Motif look and feel. Tcl, short for Tool Command Language, is an embeddable
extension language. Tk is the best known Tcl extension, it implements the widget set.
Chapter 5, Tcl and Tk, is less of an introduction, but more of a warning: Tk is a valu-
able toolkit, but think about whether you need Tcl to use it.

Since the user interface is built using Tcl/Tk, for a seamless integration the metacode
is best made accessible as a Tcl command. Snacc's Tcl interface is a Tcl extension that
provides this new command. It allows ASN.1 data to be examined and manipulated.
The Tcl interface is discussed in Chapter 6.

Chapter 7 describes the ASN.1 editor. The editor consists of two parts, an executable
and a set of Tcl scripts.

The executable is combined from the Tcl core and three extensions: the Snacc rou-
tines that that are specific to the ASN.1 description, the Tk widget set and the tree
widget. The editor's executable will be referred to as snaccwish, because the standard
executable that is combined from linking the Tcl core with the Tk widget set has got
the nameni sh for “windowing shell”.
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Figure 1.1: Building Scheme: Snaccwish and Application

Figure 1.1 is a simplified scheme of both the snaccwish’'s and a normal application's
building process. Both programs can be compiled from the same set of Snacc object
files, the metacode and the Tcl interface code do not prevent the Snacc code's nor-
mal operation. The snaccwish is compiled from the Snacc generated files and a few
libraries only. The application will be linked with some additional object files that
make up the application's specific functionality. The application usually will use nei-
ther metacode nor Tcl interface routines, but as long as the application is under de-
velopment, the time for an additional compilation step where the metacode has been
disabled can be saved.

The Tcl scripts implement the generic editor. They build and control the user interface,
they read and write the ASN.1 data, and they allow the data to be modified. The Tk and
tree widgets are combined to a graphical user interface were the ASN.1 data is shown
using graphical elements that elucidate the data's structure and types. Many changes
to the data can be made by clicking at graphical elements. The user can select which
and how much of the data is to be displayed; voluminous data becomes manageable.

ASN.1 data always has got a tree structure. The type definitions may be recursive us-
ing CHOICE types or OPTIONAL components, and a PDU may contain instances of
a type that contains other instances of the same type, but as ASN.1 has not got any
pointers, cycles are impossible. The example descriptitiststype is recursive, and

the example filei sc. ber that is shown in Figure 1.2 contains two nested values of
this type: they are labeledisc.ber andrecursion.
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Figure 1.2: An Example Screen Shot

Figure 1.2 is an example screen shot. This is the ASN.1 description that was used as
input:

-~ file: example.asnl

- thesis example

Example DEFINITIONS ::=
BEGIN

Color ::= INTEGER { red(16711680), green(65280), blue(255) }



Direction ::= ENUMERATED { left(0), down(1), up(2), right(3) }

Hand ::= BIT STRING

{
thumb(0), forefinger(1), middle-finger(2), ring-finger(3), little-finger(4)
}
Misc ::= SET
{

name PrintableString,

recursion Misc OPTIONAL,
scan-line SEQUENCE OF Color,
flip-flop BOOLEAN,

where Direction OPTIONAL,
calculator Hand

}

END

The editor uses different graphical elements to display the various ASN.1 types. The
example shows some of them:

e a BOOLEAN value is displayed as a toggle button, fileflop.

¢ INTEGER types have an area where the numeric value can be seen and changed.
The example's list elements at the right hand side are INTEGERs with named
values. They have got an additional radio button area where the object's value
can be selected by clicking at a button.

e ENUMERATED types are displayed in an arrangement of radio buttons. The
numeric value is not showmhere is an example.

¢ In BIT STRINGS,calculator is an example, individual bits can be toggled using
the buttons, and the binary representation can be manipulated in an entry area.

e Character Strings likeame can be edited in a text widget.

e SET types are displayed as a number of toggle buttdfisc is such a type.
OPTIONAL components can be allocated or deleted by clicking at the button.
Mandatory components cannot be deleted—their buttons are greyed out and do
not respond to button clicks.

e SEQUENCE OF types are displayed in a list box widget. Individual list ele-
ments can be selected for display. In tten_line example, four list elements
are selected for display and two of them have got an opened content editor.

The window below the node name that shows the node's contents is not always shown,
it has to be opened by clicking at the node name and it can be closed by the same
action.

At every node in the data hierarchy the display can be clipped on both sides so that the
node can be displayed as the root of its subtree and/or as a leaf.

This ASN.1 editor is meant as a debugging tool for programmers, not as an end user
appplication. For end users, the details of a data communication protocol are irrele-
vant. Showing every tiny detail will usually provoke confusion.
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1.1 Typographic Conventions

Througout this thesis, the following typographic conventions are applied:
The typewriter fac&our i er is used for:

e program names and their options and arguments, pathnames and filenames
e URLs (Universal Resource Locators)

e examples of interpreted code: Bourne shell scripts, Tcl shell scripts, Perl scripts,
makefiles.

The sans serif typefadtelvetica is used for:

e Code that is to be compiled: ASN.1 descriptions and C++ code.
Times-ItalicandCour i er - @l i que are used for:

e non-literal text: the written text can be replaced with any text that fits the

given description. For examplenacc fil es may have a legal replacement
snacc edex0.asnl edexl. asnl.



Chapter 2

An Abridge Introduction into
ASN.1 and BER

This chapter gives a brief introduction to ASN.1, and how it is mapped into C++ by
Snacc. Snacc is an ASN.1 to C/C++ compiler, it will be introduced in the following
chapter. Snacc's C mapping is omitted for brevity, its description can be found in the
Snacc user documentation [13]. ASN.1, or “Abstract Syntax Notation One”, serves the
purpose of describing system independent data structures. ASN.1 describes how some
piece of information is organized, but it does not describe how it is to be represented.
The data representation is the subject of the “Basic Encoding Rules”, or BER for short.

BER defines a system independent representation for values. Since the application de-
signer has not to be familiar with BER details, | will not go into explaining them, just
mention that

e BER is a binary encoding and therefore the data is not human readable.

¢ it contains not just the data itself but each value is preceeded by a type identifier.
This makes it possible to detect coding errors such as giving data that belongs to
some ASN.1 description to a different ASN.1 description's decoding routine.

While in the mean time, additional encodings have been developed, BER is the only
encoding supported by Snacc.

This chapter presents only a brief introduction to ASN.1 and how Snacc deals with it—
for a more thorough introduction and a tutorial to both ASN.1 and BER please refer to
Douglas Steedman's ASN.1 book [14]. For an online document, have a look at “A
Layman's Guide to a Subset of ASN.1, BER, and DER” [8], which can be found un-
der the URLft p: //ftp. uni-erl angen. de/ pub/ doc/ 1 SO ASN. 1. ps. Z.

This site has got a lot of standards related stuff (freely available documents only; un-
fortunately, ISO standards have to be paid for).

ASN.1 is defined in international standards, CCITT Recommendation X.208 [3] and
ISO 8824 [5]. BER is defined in CCITT Recommendation X.209 [4] and ISO 8825 [6].

ASN.1 is most often used to define the data structures in CCITT and ISO standards.

7
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e MHEG, for coding of multimedia and hypermedia objects, the underlying stan-
dard of the GLASS project (this ISO standard is not yet finished, currently it is a
draft international standard (DIS))

e MHS , Message Handling Systems, or better known as X.400 Mail (CCITT Se-
ries of Recommendations)

e ODA, Open Document Architecture, for the exchange of documents (ISO 8613)
e PKCS, Public Key Cryptography Standard (RSA Data Security, Inc.)

¢ SNMP, Simple Network Management Protocol (this is an Internet standard, de-
fined in RFC 1157)

e X.500 Series of Recommendations: Directory, Authentication

Just like C programs are usually compiled from a number of C source files, ASN.1 de-
scriptions may be split into several files, called modules. Every module contains zero
or more type definitions and may contain value definitions for the types defined. Types
and values may be private to a module or they can be exported from and imported into
other modules:

Some-module oid DEFINITIONS ::=
BEGIN
EXPORTS Some-type, some-value;

END
and in another module:

Another-module DEFINITIONS ::=
BEGIN
IMPORTS Some-type, some-value FROM Some-module oid;

END

If the EXPORTS statements is omitted, every type and value is exported. Any export
can be prohibited by using an EXPORTS statements with an empty list.oiths
optional, but as thosabject identifiers are globally unambiguous, this ensures that the
reference does not conflict with another module with the same name. Object identifiers
are explaned in Section 2.1.1.9.

This name scoping model is quite different from that of the C language. C does not
have a concept of module names, all values and types live in the same namespace.
In ASN.1 however, conflicting references may be resolved by prefixing the value or
type reference with the module reference, eSgme-module.some-value vs. Another-
module.some-value. In C++, the ASN.1 model can be emulated using nested classes or,
using the probable new C++ standard as defined it the current draft [1], using a new
scope, th@amespace. Snacc's C++ backend does use neither nested C++ classes nor
C++ namespaces. The C++ classes get their name from the ASN.1 type name, with hy-
phens translated to underscores. Collisions among class names are resolved by tacking

1The scopes of current C++ are: local, function, file and class. [15, Section r.3.2]
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numbers to the conflicting class names, e.g. the ASN.1 t$pms-Module.Some-Type
andAnother-Module.Some-Type in C++ becomeéSome_Type andSome_Typel.

ASN.1 module, type and value names are called references. The names of components
of ASN.1 structured types, of numbers of INTEGER and ENUMERATED types and

of bits of BIT STRING types are called identifiers. The names' syntax is similar to
that of C/C++ identifiers, with some exceptions:

¢ all names may be composed of ASCII letters, digits and hyphen.
¢ type and module references must start with an upper-case letter,

e value references and identifiers must start with a lower-case letter.

Snacc converts hyphen into underscore and appends digits to identifiers that conflict
with reserved words in the target language. More details are discussed in Section 3.3
on page 20.

2.1 ASN.1Types

ASN.1 has simple and structured types. In addition, it defines a number of so-called
“useful types” using ASN.1 itself.

ASN.1 has no pointer concept. In C++ pointers serve different purposes, among other
things they are used to express optional data and for the implementation of recursive
data types. In ASN.1 optional data can be expressed as detailed in Sections 2.1.1.1
and 2.1.2.1. Recursive data structures fall into two categories, trees and graphs. (Trees
are graphs as well, but graphs may be circular and trees may not.) Trees may be ex-
pressed using optional data (the absent ASN.1 object is equivalent to C++'s terminat-
ing NULL pointer). Graphs in ASN.1 are not possible (i.e. you have got to emulate
them, e.g. using integers to identify the nodes and lists of pairs of integers for the
edges).

211 Simple Types

Simple types are the basis of all type definitions. Most of ASN.1's simple types are
similar to those of C/C++, but the types NULL and OBJECT IDENTIFIER are quite
unique.

2111 NULL

Let's begin with ASN.1's NULL type. This is a rather strange type: it defines only
one valueNULL. In BER this value is represented using zero data bits (it occupies two
octets, one for the type id and another to indicate the zero length data field).

Snacc maps the NULL type into a class with no data members.

ASN.1 has not got any pointers, but in cases where the pointer is used to express an
object that may be present or absent, the NULL type can be used to get the same effect.
The ASN.1 type definition
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Optional-Integer ::= CHOICE { INTEGER, NULL }

defines a type that may contain an integer or that may be empty. In C++ this would be
expressed by aint * that may beNULL to express the integer's absence. Snacc maps
CHOICE types into unions containing pointers (see Section 2.1.2.3), and so C++ pro-
grammers get what they want: an*. (Another method to get a C++ pointer is to
define a SET or SEQUENCE component as OPTIONAL, see Section 2.1.2.1.)

2112 BOOLEAN

ASN.1's BOOLEAN type has got two values, TRUE and FALSE.

The C language and the first two versions of the C++ language do not have a boolean
type, logical values are expressed by integral values where 0 expresses false and every
other value expresses true. The upcoming new C++ standard [1] s lauilt-in

type, withtrue andfalse to denote its values. Snacc uses the new type where available
(gcc 2.6 has it got already) and defines a look-alike otherwise.

2113 INTEGER

The ASN.1 INTEGER type corresponds to the mathematicél setd poses no limits

on the value range. Snacc, however, maps the ASN.1 type to a 32 bit integer type. For
most applications this will be adequate, and for other uses Snacc has be extended using
either some larger compiler supported integer type (eng.long int), or by using some
arbitrary precision library.

Integer values may be given names as in

RainbowColor ::= INTEGER

{
red(0), orange(1), yellow(2), green(3), blue(4), indigo(5), violet(6)

}

one-color RainbowColor ::= indigo
another-color RainbowColor ::= -30

but often this sort of type is restricted to the named values and in this case would be
better expressed using an ENUMERATED type, see below.

In ASN.1 INTEGER types may be restricted to values or subranges or lists thereof, but
when compiled with Snacc, this shows no effect in the resulting code. The 32 bit type
used by Snacc for its INTEGER type mapping in ASN.1 could be expressed as:

Snacc-Integer := INTEGER (-2147483648 . . 2147483647)

2114 ENUMERATED

ASN.1's ENUMERATED type looks very similar to the INTEGER type with numeric
values given a name, but it differs from the INTEGER type in two ways:

¢ the values are restricted to those named.
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¢ only the identifiers may be used for value denotation, their numbers are not al-
lowed.

Sign ::= ENUMERATED { negative(-1), zero(0), positive(1) }
thumb-up Sign ::= positive

ASN.1's ENUMERATED type is very similar to themum types of C and C++. Snacc
maps every ENUMERATED type into a class containingaumeration.

2115 REAL

The REAL type comprises almost arbritrarily large floating point numbers (in BER up
to ~ 222044), plus the special valuesco. Snacc maps it into double which on most
architectures is 64 bits large (1 bit sign, 11 bits exponent and 52 bits mantissa) and may
express a range of approximatety0+3°® with some 15 significant decimal digits.

Value denotation in ASN.1 is a little difficult to read, as the numbers are written as
triples { Mantissa, Base, Exponent }:

e REAL ::={271828182845904523536, 10, -20 }

The Base may be 2 or 10. The resulting valugfis< B¥. The three values zero and
+oo have to be denotated ds PLUS-INFINITY andMINUS-INFINITY, respectively.

Again, in ASN.1 subtyping may be used to restrict a type's value range, but shows no
effect in Snacc's generated code.

2116 BIT STRING

ASN.1's BIT STRING is a compact form for arrays of boolean values.

C and C++ have bit fields, but since it would be difficult to write BER encoding and
decoding routines based on bit fields, Snacc's bit string types are based on a character
array.

With the same notation that may be used to name INTEGER values, in BIT STRING
types bit positions may be named. Numbering starts with position 0. Values may be
denoted either binary00101'B), hexadecimal'Z8'H) or as identifier list{flagA, flagC})

listing the “1” bits.

Example-Flags ::= ENUMERATED { flagA(2), flagB(3), flagC(4) }

Bit strings may be restricted in size, but again, the Snacc compiler ignores this.

2117 OCTET STRING

The ASN.1 OCTET STRING represents arbitrarily long sequences of octets (8 bit
bytes) and on almost any computer architecture maps easily o awith accom-
panying length specification.

Values may be denoted in binary or hex; the following four values are all the same:
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0s0 OCTET STRING ::='000010101110000111'B

0s1 OCTET STRING ::='000010101110000111000000'B
0s2 OCTET STRING ::='0AE1CH

0s3 OCTET STRING ::='0AE1CO'H

OCTET STRINGs may be subtyped by restricting their length, but Snacc at present
does not care.

2118 Character String

Character string types can be used to represent textual information. ASN.1 defines
eight character string types, two with alternative names:

NumericString 0—9space

PrintableString a—zA-Z0-9'"()+,—./:=2pace

TeletexString character set as defined by CCITT Recommendation T.61

(T61String)

VideotexString character sets as defined by CCITT Recommendatjions
T.100, T.101

VisibleString visible characters of IA5 (international version of ASCII)

(1ISO646String) plus space

IA5String all characters of IA5

GraphicString all registered graphic characters plus space

GeneralString all registered graphic and control characters plus space
and delete

Character string values are denoted by their printed form, enclosed in double
guotes ("). Double quotes inside the string are doubled, e.g. "double quote: >"'<".

Character strings may be subtyped by restricting their length or alphabet, for example:

ISBN ::= PrintableString
(SIZE (13))
(FROM (0123456 789" |"-"X"))

Snacc disregards any subtyping and handles all characters string types like OCTET
STRING. In particular, Snacc prints values in hexadecimal notatioff instead of
the correct string notatiori.(.").

2119 OBJECT IDENTIFIER

Object identifiers are globally unique identifications for information objects like mod-
ules, abstract syntaxes like ASN.1, transfer syntaxes like BER, from small objects like
content types to algorithms and full blown standards.

Object identifiers are build from a string of at least two non-negative integers.

An object identifier points to a node in thabject identifier tree (OIT). This tree is

an n-ary tree where every node is identified by a non-negative number. The object
identifier is simply the sequence of numbers that leads from the root to the node, for
example:
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telephoneNumber OBJECT IDENTIFIER :={254 20 }

To make those ids more readable, they can be given names. The names of the first few
levels are well known (defined in ASN.1 itself) and the names of deeper levels can be
introduced by following the name with its number in brackets:

telephoneNumber OBJECT IDENTIFIER ::= { joint-iso-ccitt ds(5) attributeTypes(4) 20 }

The first sequence element may be an object identifier itself, and the successive ele-
ments may be references to non-negative integers:

directory OBJECT IDENTIFIER ::={ joint-iso-ccitt ds(5) }
phoneAttr INTEGER ::= 20
telephoneNumber OBJECT IDENTIFIER ::= { directory attributeTypes(4) phoneAttr }

Object identifier values are given meanings by registration authorities. Each registra-
tion authority is responsible for all sequences beginning with a given sequence, in other
words: for their subtree. A registration authority typically delegates responsibility for
subsets of the sequences in its domain to other registration authorities.

2.1.2 Structured Types

Structured types are containers for other simple or structured types. They may be de-
fined by listing their components or by referencing other structured types in different
ways as shown below.

Components of structured types may be tagged, and in cases where the BER encoding
would be ambiguous they must be tagged. Since there are many different cases where
ambiguities may arise, it is good practice to tag all components of structured types,
especially CHOICE types. In the beldvle exampl€0] is thename component's tag.

A tag number may (but should not) be an arbitrarily large non-negative integer value
(or a reference to such a value).

2121 SET and SEQUENCE

A SET is an unordered, a SEQUENCE an ordered collection of components. Compo-
nents may be defined as OPTIONAL, or they may have a DEFAULT value (in which
case the component may be left unspecified in value notations, but it is nevertheless
present).

File ::= SET
{
name [0] PrintableString,
contents [1] OCTET STRING,
checksum [2] INTEGER OPTIONAL,
read-only [3] BOOLEAN DEFAULT FALSE

}

Snacc maps SETs and SEQUENCEs into the same type, al@ss+ OPTIONAL
components and components with a DEFAULT value are referenced through a pointer
that may beNULL to denote the absent member.
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2.1.22 SET OF and SEQUENCE OF

SET OF is an unordered collection of one single component type, and SEQUENCE
OF is an ordered one. The number of components may be restricted as in

Pair ::= SET SIZE (2) OF Type

but Snacc makes no effort to enforce this.
Snacc implements both types as a double linked list.

2123 CHOICE

CHOICEs are what in C/C++ is known asion. A CHOICE takes exactly one of its
subtypes.

Here is an example where tagging is neccessary:

Coordinate ::= CHOICE

{
cartesian [0] SEQUENCE { x REAL, y REAL },

polar [1] SEQUENCE { angle REAL, distance REAL }

Snacc maps CHOICE types into C++ classes with an unnamed union of pointers for
the possible components andemm to memorize the chosen member.

2124 ANY and ANY DEFINED BY

The ANY type can take values from any simple or structured type.
ASN.1 has a construct ANY DEFINED BY as in

AttrValue ::= SEQUENCE

attrType INTEGER,
attrValue ANY DEFINED BY attrType

}

where theattrType specifies which type of valugtrValue has got to take. The specifier
may be either an integer or an object identifier. The specifier to type mapping cannot
be specified in ASN.1.

Snacc supports ANY DEFINED BY in two ways:

¢ by supplying the necessary hooks: two stubs, an enumeration type and a con-
structor, that have to be filled out by the programmer

e if the Snacc supported SNMP macro OBJECT-TYPE is used, Snacc fills the enu-
meration and constructor itself.
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2.1.3 Useful Types

The ASN.1 specification defines some types using ASN.1 itself.

These are the types

GeneralizedTimeandUTCTime to denote date-and-time specifications
EXTERNAL to embed arbitrary values from other abstract syntaxes

ObjectDescriptor to give human readable descriptions

Snacc defines these types in a file callesth- usef ul . asnl and has a special op-
tion - u after which this file may be specified. In this file, the character string types
from Section 2.1.1.8 can be found as well.
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Chapter 3

Snacc

This chapter is intended to provide a quick overview of Snacc, the ASN.1 compiler. An
in-depth description of the compiler design and the supporting libraries can be found in
Snacc's user documentation [13] which has grown to a document of some 200 pages.

Snacc compiles ASN.1 modules into C, C++ or type tables. The generated C or C++
code contains equivalent data structures and routines to convert values between the
internal (C or C++) representation and the corresponding BER format. The name
“snacc” is an acronym for “Sample Neufeld ASN.1 to C/C++ Compiler”. Snacc has
been written by Michael Sample at the University of British Columbia (Canada). In
1993, Mike released two Snhacc versions to the public, under conditions of the GNU
General Public License.

Compiling ASN.1 into C is not a new idea but many other tools such as UBC's
CASNL1, ISODE's PEPY/POSY, and commercial tools either do not parse ASN.1 '90,
produce slow encoders and decoders, generate C but no C++ code or are outrageously
expensive. The aim of this tool is to provide an ASN.1 compiler that parses ASN.1 '90,
produces efficient encoding and decoding routines and is freely available. Effort has
been made to make the generated encoders and decoders relatively easy to fit into dif-
ferent software environments.

Some of Snacc's features include:

e parses CCITT ASN.1'90 including subtype notation
e can compile and link inter-dependent ASN.1 modules (IMPORTS/EXPORTS)

e some X.400 and SNMP macros are parsed

Note: in this and all following chapters, an ellipsis. (*”) at the bginning of a file
name path means “the top-level directory of the unpacked Snacc distribution”.

3.1 General Overview

Snacc consists of two main parts: the compiler and the libraries.

17
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3.1.1 The Snacc Compiler

The Snacc compiler turns every ASN.1 module intoGand a. h file. The compiler
code can be further categorized into a core and a number of backends.

Both the compiler generated functions and the backend functions serve the following
purposes:

¢ allocate and de-allocate memory for in-core data.
e convert the BER encoded data into their in-core representation and vice versa.

e print a human readable presentation of a value infdL& * for C or into an
ostream for C++.

First, the compiler's ASN.1 parser reads the input files and transforms them into an in-
ternal representation, the parse tree. The parser is built using the usual compiler build-
ing tools, lex and yacc, or, more likely, its GNU counterparts, flex and bison. Then,
the compiler performs a dozen passes. The compiler core traverses the parse tree to
resolve references across modules and to normalize types. Errors are detected in many
passes. Finally, when the type information is finished, a backend is called that dumps
the internal representation into a number of files in the target language, C or C++. The
C backend writes structures and functions, the C++ backend writes classes and mem-
ber functions. The backends generate code for ASN.1's structured types and for simple
types with named values.

Alternatively, the compiler core can generate type tables that can then be processed by
type table functions to be found in one of Snacc's C runtime libraries.

3.1.2 TheSnaccLibraries

For every target language, there is at least one library that defines the types and func-
tions for ASN.1's built-in simple types, for ANY (DEFINED BY) and for some buffer
management routines.

There are three different C runtime libraries that differ in their underlying buffer man-
agement routines.

The functions that process the type tables generated by the compiler can be found in
the fourth C runtime library.

For C++, one buffer type has been implemented only, and there are two C++ runtime
libraries: one with the additional metacode and Tcl interface code and one without any
extensions that is basically the same as the one and only C++ library of Snacc 1.1.

3.2 Evolution from Version 1.1t0 1.2rj

The original author, Mike Sample, released two Snacc versions, 1.0 and 1.1.
Despite of its strengths, Snacc 1.1 has some deficiencies:

¢ the same configuration options have to be edited in five config files and some 20
makefiles.
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e every tiny source code change in Snacc's C runtime library leads to three full
recompilations of all the library's source files.

e the C++ code lacks destructors.

e the C++ code leads to object files and executables that are inflated by large
amounts of duplicate code.

¢ it has got three almost identical copies of the C runtime library.

e the compiler binary, the runtime libraries and their include files, the type table
utilities and the manual pages must be installed manually.

Release 1.2tjof Snacc addresses these problems and adds some new features.

e The configuration process has been simplified (at least for the installer of Snacc
;-) by the use of GNU autoconf. With the exception of a small number of flags
(currently three) in . . / pol i cy. h, no files have got to be edited to configure
Snacc.

The Snacc compiler and library C code have been written to support K&R C
as well as ANSI C . The configuration script tries to find out whether your C
compiler understands ANSI C.

e The makefiles have been rewritten. The old ones removeddti#es after suc-
cessful compilation, and thus, for every tiny code change, a full recompilation
took place! With the new set of makefiles, only those files that need to be re-
made are. Following usual conventions, the phony targets depend, check, install,
clean and clobber have been added.

See Appendix B for more explanations of many of the makefile tricks.

The configuration script generates the filk ehead which gets included at the
beginning of allmekef i | es. It contains a lot of definitions used for making.

The dependencies have been moved out of each makefile into a separate file
calleddependenci es that is not under cvs control—otherwise, the makefiles
would inflate the repository unnecessarily. The makefiles have an include state-
ment for their dependencies file.

A third file that is included by almost every makefile is calteaket ai | . As
the name suggests, it gets included at the makefile's end. It holds the rules that
are common to all makefiles where C/C++ code is compiled.

e Snacc release 1.1 produces huge virtual inline functions.

— Due to their size, by many compilers, these inlines wouldn't get inlined
anyway.

— Virtual functions do not get inlined (they get referenced via pointer in the
virtual function table).

— Due to their size they wouldn't offer any speed advantage (the function call
overhead diminishes).

11.2 since it is the successor of 1.1 arjas | don't think that I'm the only one who worked on Snacc.
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Instead, compilers generate static functions in eve@yiile were the. h file is
included! This inflates the o files and executables real quick (several MBytes
per executable).

These functions have been turned into normal functions.

e const qualifiers have been added to a lot of C++ member functiGlese(), com-
parison operatorgrint() and type conversion operators. This allows the func-
tions to be used on constants, such as the objects representing the values defined
in ASN.1 modules.

e The output files generated get names derived from their input file's name, with
only the suffix replaced. This eases makefile writing, as now you can use sim-
ple suffix rules or other forms of filename pattern matching. The old behaviour,
where the output files got their name from the ASN.1 module name, can be re-
tained by using the nrmcommand line switch tenacc.

e The C++ backend generates code with a much more complete set of construc-
tors, destructors and assignment operators.

e The C++ backend can supply the generated C++ classesmsithinformation
about their own structure. This information can be used to build interpreted in-
terfaces; the Snacc 1.2rj distribution contains a Tcl interface that uses this meta
information as well as a Tcl script (that uses the Tcl interface) for a simple edi-
tor.
This, of course, is the main topic of this diploma thesis and will be explained in
the following chapters.

e Some C++ compilers (gcc 2.6 for example) already have this probable new C++
standard'ool type built in. The configuration script automatically detects this.
The Snacc code has been modified to always provide a bool type for compilation
with both old and new compilers.

e Shacc has successfully been ported to Linux and Alpha OSF/1, and should be
both byte order and 64 bit clean.

3.3 ASN.1to C++ Naming Conventions

The C++ name for a type or value is the same as its ASN.1 name with any hyphens
converted to underscores.

When an ASN.1 type or value name (after converting any hyphens to underscores)
conflicts with a C++ keyword or the name of a type in another ASN.1 module (hame
clashes within the same ASN.1 scope are considered errors and are detected earlier),
the resulting C++ class name will be the conflicting name with digits appended to it.

Empty field names in SETs, SEQUENCEs, and CHOICEs will be filled. The field
name is derived from the type name for that field. The library types such as INTE-
GER etc. have default field names defined by the compiler.(se¢ conpi | er/
back-ends/c-gen/rul es.cand.../conpil er/back-ends/c++-gen/

rul es. c). The first letter of the field name is in lower case. Empty field names
should be fixed properly by adding them to the ASN.1 source.
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New type definitions will be generated for SETs, SEQUENCEs, CHOICEs, ENU-
MERATED, INTEGERs with named numbers and BIT STRINGs with named bits
whose definitions are embedded in other SET, SEQUENCE, SET OF, SEQUENCE
OF, or CHOICE definitions. The name of the new type is derived from the name of
the type in which it was embedded and will be made unique by appending digits if
necessary.
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Chapter 4

The M etacode

When you call snacc, during its compilation, the text in tlesn1 files gets turned

into e.g. C++ classes. Names become identifiers, and after the C++ compilation, the
user program has no more access to the original module and type names, only to point-
ers and the bits and bytes of the classes' contents.

The metacode remedies this:

e Using it, a program can access the modules, their types, their subtypes and the
named values via strings.

e Generic programs do not have to know any of the modules' or types’' names—all
the information can be traversed starting at a single well-known place.

¢ Given the name of a type, the metacode can be asked for the type's details:
general ASN.1 type, names of values (ENUMERATED), names of bits (BIT
STRING), component names (structured types), etc. ..

e Given the name of a type, the metacode is able to return a newly allocated object
instance of that type.

e Given the address of an object, the metacode can be asked for the object's type
information and the object's current setting.

e Given the address of an object and a string that identifies one of the object's
components, the component's address can be retrieved.

The metacode is an extension to the Snacc compiler's C++ backend and the C++ run-
time library. Snacc's C++ backend has got the information that is needed for the meta-
code: it knows the structure of the C++ classes—it is the backend's task to generated
them—and the names of all types and their components are present in string form—the
backend needs them to generate the C++ source files. The runtime library's metacode
does not need any structural information, but the backend generates recursive function
calls for the components of structured types and the runtime library has to provide the
endpoints for these recursions.

All code extensions have been wrapped into preprocessor conditionals. Currently, only
one or two libraries are made in . / c++- 1 i b/, one with neither metacode nor Tcl

23
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interface, and an optional additional one with both extensions. If you cannot or do not
want to (as stated in. . / pol i cy. h) use the metacode or the Tcl interface, Snacc
will be compiled without it, and only the normal library will get made.

Since the metacode relies heavily on the virtual function call mechanism, it is only
implemented for the C++ backend.

To enablesnacc's metacode generator, you have to give it an additionalt a op-

tion, followed by the list of PDU types. The metacode can be made to use either the
names of modules, types, components, named values and bits as they were defined in
the. asnl files, or it can use the names after they have been modified to fit into the
C++ language. The optionalmA option makes the metacode use the ASN.1 names,
and the- mC option switches to the backend's names. Section 3.3 on page 20 explains
the name mapping.

4.1 Implementation

For both the metacode and the Tcl interface, a number of functions has been added
to the C++ runtime library and a lot of code has been added to the backend so it can
generate the required additional objects and functions.

The code changes concentrate in the following source files:

In the compiler core. ../ conpiler/core/snacc. c has been extended for
shacc to accept and handle the additional command line arguments. The filés
conpi |l er/ corel/ neta. [ hc] have been added, they contain some utility code.

In the C++ backend, the file.../conpil er/back-ends/c++-gen/
gen- code. ¢ contains the routines that write the C++ classes and their mem-
ber functions.

The directory. . . / c++- | i b/ contains the C++ runtime library code. Every simple
ASN.1 type has its own pair afh and. C files that contain the ASN.1 type's C++

class counterpart and the set of functions to allocate the class instances, encode the data
and so on. A number of files has been added in the backend: Most of the metacode is
implementedin . ./ c++-1i b/ {i nc, src}/ neta. [ hC],as are the Tcl interface
functions that directly call the metacode functions.

Now let us have a look at how the metacode works.

The metacode is implemented in both the data classes and in some global data struc-
tures.

The code that has been added to the data classes describes the data class they are con-
tained in. A “data class” is the normal C++ class that is the result of Snacc's ASN.1

to C++ mapping. A class that implements the additional meta information will be re-
ferred to as “description class”. The description classes' names &escin

The global data structures allow generic programs to find all modules and their types
without having to know any of their names before hand.

Every. asnl file contains an ASN.1 module. Snacc compiles every module into a
pair of C++ source code files,.d and a. Cfile. In this pair of source files there are

the normal data class definitions and their functions. The metacode is added at two
places:
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1. Every data class gets one or two static data members and one or two virtual func-
tions.

2. In every C++ source file pair there is an array of pointers. Every array element
points to the one additional static data member that has been added to every data
class.

For the metacode snacc generates one additional C++ sourcetiteul es. C. It

does not correspond to an individual module. This file contains the array that provides
the single well-known entry point for generic programs. The array contains one ele-
ment for every source file pair, or: every ASN.1 module. The elements contain the
module name and a pointer to the source file pair's pointer array described above.

Let us get back to the data classes and look at their additional metacode in more detail.

Every data class gets a little bit of additional code: one or two static data members and
one or two virtual function members. The data membersstatie, and therefore get
instantiated exactly once per executable, not once per object instance. The metacode
put into every C++ class is very similar:

e a static_desc member is always present. It is the object that is pointed to by
every module's pointer array. Thdesc member describes its data class. There
is one description class for eveggneral ASN.1 type. “general” is meant as:
one description class for all INTEGER data classes, one description class for all
SET data classes, etc...

e simple types with names (ENUMERATED, INTEGER, BIT STRING) get an
additional static nmdescs[] member. The array is exclusively referenced from
_desc. The array provides the bidirectional mapping of symbolic and numeric
values.

e structured types with members (SET, SEQUENCE, CHOICE) get an additional
static_mdescs[] member. The array is exclusively referenced fratesc. The
array references the components' type descriptions (tthesic data members).

e every class gets a virtuaetdesc() function. Its only purpose is to return the
address of desc?.

e structured types with members (SET, SEQUENCE, CHOICE) get an additional
virtual _getref() function. This function provides the member name to member
address mapping.

To get an impression, let us have a look at an example: The two ASN.1 types

File ::= SET
{
name [0] PrintableString,
contents [1] OCTET STRING,
checksum [2] INTEGER OPTIONAL,
read-only [3] BOOLEAN DEFAULT FALSE

}

1This sounds as if virtual data members were a nice idea, and in fact they are. The C++ standards com-
mittees are currently discussing their addition to the C++ standard.
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Directory ::= SET
{

name PrintableString,
files SET OF File

}
get turned into these two C++ clas&es

class File: public AsnType

{
public:
PrintableString name;
AsnOcts contents;
Asnint *checksum;
AsnBool *read_only;
#if META
static const AsnSetTypeDesc _desc;
static const AsnSetMemberDesc _mdescs[];
const AsnTypeDesc *_getdesc() const;
AsnType *_getref (const char *membername, bool create = false);
#endif // META
Il ... other functions omitted. ..
13
class Directory: public AsnType
{
public:
PrintableString name;
DirectorySetOf files;
#f META
static const AsnSetTypeDesc _desc;
static const AsnSetMemberDesc _mdescs][];
const AsnTypeDesc *_getdesc() const;
AsnType *_getref (const char *membername, bool create = false);
#endif // META
II.... other functions omitted. ..
3

The above definitions stem from the generathdile, the following code is taken from
the accompanyingCfile. Only the code for th®irectory type is shown, because the
code for therile type looks very similar.

#f META

static AsnType *createDirectory()

2|n reality, three classes are generated: The SET OF typPeeictory gets turned into an additional C++
classDirectorySetOf. You can find its definition on page 36.



4.1. IMPLEMENTATION 27

{
return new Directory;

}

const AsnSetMemberDesc Directory::_mdescs|[] =

{
AsnSetMemberDesc ("name”, &PrintableString::_desc, false), // "name’
AsnSetMemberDesc (“files", &DirectorySetOf:;_desc, false), // ‘files'
AsnSetMemberDesc()

2

const AsnSetTypeDesc Directory::_desc
(
&EdEX_StructuredModuleDesc,
"Directory", // "Directory'
true,
AsnTypeDesc::SET,
createDirectory,
_mdescs

);

const AsnTypeDesc *Directory::_getdesc() const

{
return &_desc;
}
AsnType *Directory::_getref (const char *membername, bool create)
{
if (Istrcmp (membername, "name"))
return &name;
if (Istrcmp (membername, "files"))
return &files;
return NULL;
}
#endif // META

The two ASN.1 types get turned into two individual C++ clas§ésandDirectory, but
their_desc members point to two different instances of the same tygeetTypeDesc.

In the rest of this section, the code will contain the functions the Snacc Tcl interface
uses to access the metacode functions. The Tcl interface will be described in Chap-
ter 6.

There are two C preprocessor macros that are used for conditional compiME©k:
for the metacode antCL for the metacode's Tcl interface.

The type of the desc member differs depending on the general ASN.1 type it de-
scribes. For example, the ASN.1 BOOLEAN type is mapped into a C++ class called
AsnBool and is described by a C++ classnBoolTypeDesc. The root of the desc class
hierarchy is calleddsnTypeDesc and looks as follows (taken from. . / c++-1i b/

i nc/ met a. h):

struct AsnTypeDesc

{
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const AsnModuleDesc *module;
const char *const name; // NULL for basic types
const bool pdu;
const enum Type /I NOTE: keep this enum in sync with the typenames|[]
{

VOID,

ALIAS,

INTEGER,

REAL,

NUL_, // sic! (can't fight the ubiquitous NULL #define)
BOOLEAN,

ENUMERATED,

BIT_STRING,

OCTET_STRING,

OBJECT_IDENTIFIER,

SET,
SEQUENCE,
SET_OF,
SEQUENCE_OF,
CHOICE,
ANY,
1 type;
static const char *const typenames][];
AsnTypeDesc (const AsnModuleDesc *, const char *,
bool ispdu, AsnType *(*create)(), Type);
AsnType *(*create)();
virtual const AsnModuleDesc *getmodule() const;
virtual const char *getname() const;
virtual bool ispdu() const;
virtual Type gettype() const;
virtual const AsnNameDesc *getnames() const;
#if TCL
virtual int TclGetDesc (Tcl_DString *) const;
virtual int TclGetDesc2 (Tcl_DString *) const;
#endif
3
typedef AsnTypeDesc AsnRealTypeDesc;
typedef AsnTypeDesc AsnNullTypeDesc;
typedef AsnTypeDesc AsnBoolTypeDesc;
typedef AsnTypeDesc AsnOctsTypeDesc;
typedef AsnTypeDesc AsnOidTypeDesc;

AsnTypeDesc's data members provide the following information:

Themodule data member points to the module description described at the end of this
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chapter in Section 4.1.6.

Thename is either the type's name as used by the backend code or the type's given
name as defined in theasn1 file. The generated source code contains the re-
spective counterpart printed in a comment.

Thepdu flag is set tarue iff the type was listed after snace'sret a or-t cl switch.

Thetype member is only used as an index into tiygenames array—the virtual func-
tion call mechanism obliviates the use for amjtch statements.

Thecreate data member points to a global function that returns a pointer to a newly al-
located object of the description type's mirror type, that is, gives you an instance
for the generic description. It is the counterpart to AkgType's _getdesc func-
tion which goes in the opposite direction, from the object instance to its generic
description. The\snType's Clone function serves a similar purpose as #sa-
TypeDesc's create function.

The AsnTypeDesc class is the only class in the hierarchy that has gotrtgele, name,

pdu andtype data members, anflsnNamesTypeDesc the only class to implement a
names data member. Therefore, unlikgetdesc() mentioned above, the five virtual
functionsgetmodule, getname, ispdu, gettype andgetnames are not meant to implement
some kind of virtual data members, but help to implement the alias type description
functionality described in Section 4.1.4.

As you can see looking at the last five code lines withtghedefs, the five ASN.1 sim-

ple types REAL, NULL, BOOLEAN, OCTET STRING and OBJECT IDENTIFIER

are directly described by instances of this class. The other types, having either named
values or components, are more demanding and have their own classes derived from
AsnTypeDesc.

This was the description base class. The following section will describe the the data
classes base class and and example that is derived thereof.

Every ASN.1 type is represented by a C++ data class with the following characteris-
tics:

1. itinherits from theAsnType base class.
2. it has a parameterless constructor.
3. it has a copy constructor.

4. it has a destructor.

5. it has &Clone routine that generates a new instance (not a copy) of the object that
it is invoked on.

6. it has an assignment operator.

7. it has a content encode and decode metBBoContent andBDecContent, that
only deal with the content of the type their object represents.

8. it has a PDU encode and decode metiB&nc andBDec.
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9. it has atop level interface to the PDU encode and decode metbat®du and
BDecPdu. They present the simplest interface; they reture if the operation
succeeded arfdlse if an error occurred.

10. it has a print methodRrint, a virtual function that gets called from a global
<<-operator. It prints the object's value in ASN.1 value notation. When printing
SETs and SEQUENCEs, a global variable is used for the current indent.

The above routines are not affected by the metacode. If the metacode has been enabled,
the following additional functions are present:

11. avirtual function getdesc that returns the classes meta description.

12. if itis a structured type, it has a virtual functiogetref that returns a pointer to
one of its components/members, specified through its name.

If the Tcl code has been enabled, the following additional functions are present:

13. avirtual functioriclGetDesc to access the metacodefgtdesc routine from Tcl.

14. avirtual functiorTclGetVal to retrieve an instance's value.

15. avirtual functiorTclSetVal to change an instance's value.

16. for SET, SEQUENCE, SET OF and SEQUENCE OF: a virtual funcEign-
setVal to clear OPTIONAL members or to delete list elements, respectively.

TheAsnType class is defined as follows:

class AsnType
{
public:
virtual
virtual AsnType

virtual void
virtual AsnLen

virtual void

#f META
static const AsnTypeDesc

virtual const AsnTypeDesc
virtual AsnType

private:
const char

#if TCL

public:
virtual int
virtual int
virtual int

~AsnType();
*Clone() const;

BDec (BUF_TYPE b, AsnLen &bytesDecoded, ENV_TYPE env);
BEnc (BUF_TYPE b);

Print (ostream &0s) const;

_desc;
*_getdesc() const;

*_getref (const char *membername, bool create=false);

*_typename() const;

TclGetDesc (Tcl_DString *) const;
TclGetVal (Tcl_Interp *) const;
TclSetVal (Tcl_Interp *, const char *val);
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virtual int TclUnsetVal (Tcl_Interp *, const char *membernames);
#endif /| TCL
#endif // META

h

As an example of a class derived directly fréamType and described bisnTypeDesc,
here is the definition ofsnBool (for BOOLEAN):

class AsnBool: public AsnType

{
protected:
bool value;
public:
AsnBool (const bool val): value (val) {};
AsnBool() {};
AsnType *Clone() const;
operator bool() const { return value; }
AsnBool &operator = (bool newvalue) { value = newvalue; return *this; }
AsnLen BEnc (BUF_TYPE b);
void BDec (BUF_TYPE b, AsnLen &bytesDecoded, ENV_TYPE env);
AsnLen BEncContent (BUF_TYPE b);
void BDecContent (BUF_TYPE b, AsnTag tagld, AsnLen elmtLen,
AsnLen &bytesDecoded, ENV_TYPE env);
int BEncPdu (BUF_TYPE b, AsnLen &bytesEncoded);
int BDecPdu (BUF_TYPE b, AsnLen &bytesDecoded);
void Print (ostream &os) const;
#if META
static const AsnBoolTypeDesc ~ _desc;
const AsnTypeDesc *_getdesc() const;
#if TCL
int TclGetVal (Tcl_Interp *) const;
int TclSetVal (Tcl_Interp *, const char *val);
#endif // TCL
#endif // META
3

The other four data class types that are described by the desciption base class are very
similar: Instead of théool value, AsnReal (for ASN.1's REAL type) contains double

value, and instead of th&snBoolTypeDesc _desc it contains amsnRealTypeDesc _desc.

For AsnOcts (OCTET STRING) andisnOid (OBJECT IDENTIFIER) the situation is
similar. AsnNull (for ASN.1's NULL type) does not define any value data member, the
type's single NULL value can be represented using zero bits.

Some data classes define some more constructors, comparison operators and/or access
functions. As their description is not necessary to understand the metacode, they are
only mentioned here.
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4.1.1 Named Values

Some basic ASN.1 types allow values to be named, namely INTEGER, ENUMER-
ATED and BIT STRING.

The C++ type generator encapsulates each ENUMERATED type, INTEGER with
named numbers and BIT STRING with named bits in a new class that inherits from the
proper base class and defines the named elements. This provides a separate scope for
these identifiers so their symbols will often be exactly the same as their ASN.1 coun-
terpart's. The base data classes for ENUMERATED, INTEGER and BIT STRING are
AsnEnum, Asnint andAsnBits, respectively.

Each of the three accompanying description types contains an AsnalgmeDesc
_nmdescs[] listing the names and the number or bit position values. The array's address
is given to the type description's constructor as last argument. The virtual function
getnames() returns this array.

struct AsnNameDesc
{
const char *const name;
const AsnintType value;
2
struct AsnNamesTypeDesc: AsnTypeDesc
{
const AsnNameDesc *const names;
AsnNamesTypeDesc (const AsnModuleDesc *, const char *,
bool ispdu, AsnType *(*create)(), Type, const AsnNameDesc *);
const AsnNameDesc *getnames() const;
#if TCL
int TclGetDesc (Tcl_DString *) const;
Il for BIT STRING and INTEGER, ENUMERATED has got its own:
int TclGetDesc2 (Tcl_DString *) const;
#endif
3
struct AsnEnumTypeDesc: AsnNamesTypeDesc
{
AsnEnumTypeDesc (const AsnModuleDesc *, const char *,
bool ispdu, Type, AsnType *(*create)(), const AsnNameDesc *);
#if TCL
int TclGetDesc2 (Tcl_DString *) const;
#endif
2
typedef AsnNamesTypeDesc AsnintTypeDesc;
typedef AsnNamesTypeDesc AsnBitsTypeDesc;

The ENUMERATED type gets its own description class because the Tcl interface for
ENUMERATED types behaves differently than for the INTEGER and BIT STRING

types.
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As for AsnTypeDesc:name above, the content oAsnNameDesc::name is either the
value's name as used by the backend code or the value's name as givenarnie

file. The generated source code contains the respective counterpart printed in a com-
ment.

The three base classeé&ssnEnum (for ENUMERATED), Asnint (for INTEGER) and
AsnBits (for BIT STRING), look similar to the five typesAénBool etc...) already dis-
cussed. In particular, they contain nondescs[] data member. The base types define
no named values and therefore no names description is necessary.

One type to note idsnEnum. It is derived fromAsnint, not AsnType. AsnEnum defines

no value data member, it usésnint'svalue data member. It has to define its owdesc
and_getdesc() members though, as otherwise, the description of an ENUMERATED
type would by that of an INTEGER type.

4.1.2 Typeswith Members

The ASN.1 types CHOICE, SET and SEQUENCE are defined in terms of other types,
their so-called components. The ASN.1 components map into C++ data members.
The three ASN.1 structured types get mapped into C++ classes that contain an
Asn...MemberDesc _mdescs[] array (with the *..” replaced by Choice”, “ Set” or “ Se-
quence”). The address of this array is given to the description type's constructor as
last argument. The constructor initializes idesc member so that it references its
_mdescs array. The elements of this array point to the descriptions of the data classes
data members. This is similar to the named values above, only the integral value has
been replaced by a pointer to a type description.

struct AsnMemberDesc // description of CHOICE member; base class for AsnSe_MemberDesc

{

const char *const name;
const AsnTypeDesc *const desc;

AsnMemberDesc (const char *, const AsnTypeDesc *);

AsnMemberDesc();
#if TCL
virtual int TclGetDesc (Tcl_DString *) const;
virtual int TclGetDesc2 (Tcl_DString *) const;
#endif
3
struct AsnSe_MemberDesc: AsnMemberDesc Il _==tlquence; description of SET or
{ /I SEQUENCE member
bool optional;

AsnSe_MemberDesc (const char *, const AsnTypeDesc *, bool);
AsnSe_MemberDesc();

#if TCL
int TclGetDesc2 (Tcl_DString *) const;
#endif

h
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typedef AsnMemberDesc AsnChoiceMemberDesc;
typedef AsnSe_MemberDesc AsnSetMemberDesc;
typedef AsnSe_MemberDesc AsnSequenceMemberDesc;

struct AsnMembersTypeDesc: AsnTypeDesc

{
AsnMembersTypeDesc (const AsnModuleDesc *, const char *,
bool ispdu, AsnType *(*create)(), Type);
#if TCL
int TclGetDesc (Tcl_DString *) const;
#endif
3
struct AsnChoiceTypeDesc: AsnMembersTypeDesc
{
const AsnChoiceMemberDesc ~ *const members;
AsnChoiceTypeDesc (const AsnModuleDesc *, const char *,
bool ispdu, AsnType *(*create)(), Type, const AsnChoiceMemberDesc *);
int choicebyname (const char *name) const;
const char *choicebyvalue (int value) const;
#if TCL
int TclGetDesc2 (Tcl_DString *) const;
#endif
3
struct AsnSe_TypeDesc: AsnMembersTypeDesc Il _==t/quence
{
const AsnSe_MemberDesc *const members;
AsnSe_TypeDesc (const AsnModuleDesc *, const char *,
bool ispdu, AsnType *(*create)(), Type, const AsnSe_MemberDesc *);
#if TCL
int TclGetDesc2 (Tcl_DString *) const;
#endif
3
typedef AsnSe_TypeDesc AsnSetTypeDesc;
typedef AsnSe_TypeDesc AsnSequenceTypeDesc;

As for AsnTypeDesc::name above, the content ofisnMemberDesc::name is either the

member's name as used by the backend code or the component's name as defined in
the. asnl file. The generated source code contains the respective counterpart printed
in a comment. In cases where the ASN.1 component was not given a name, the back-

end's generated member name is used instead.

The data classes have a member function caljetief, that allows the C++ class mem-
bers to be accessed by their nameetref() is the second metacode function and it is
presentin all C++ classes representing composed ASN.1 types.
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A class for a SET contains the following code fragment (a more complete example, but
without the Tcl functions, was already shown above on pages 26-27):

class FooSet: public AsnType

Asnint bar; // an example data member

...Il a'lot of member functions
#if META

static const AsnSetTypeDesc _desc;

static const AsnSetMemberDesc  mdescs][];

const AsnTypeDesc *_getdesc() const;

AsnType *_getref (const char *'membername, bool create = false);
#if TCL

int TclGetDesc (Tcl_DString *) const;

int TclGetVal (Tcl_Interp *) const;

int TclSetVal (Tcl_Interp *, const char *valstr);

int TclUnsetVal (Tcl_Interp *, const char *membname);
#endif // TCL
#endif // META

h

_getref()'s bool parametecreate determines whether a non-existing member should be
returned adlULL pointer or whether it should instead be allocated and its address be re-
turned. This parameter is used by the Tcl interface’s value reading and writing routines
to implement their different member access semantics.

The following four assignments are equivalent:

FooSet foo;

foo.bar = 1;

*(Asnint *)foo._getref ("bar") = 1;
foo.bar.TclSetVal (interp, "1");

foo._getref ("bar")->TclSetVal (interp, "1");

TclSetVal() is a virtual member function and therefore no cast fsmiType * to Asnint *
is required. The Tcl interface will be described in Chapter 6.

All OPTIONAL components in a SET or SEQUENCE are referenced by pointer. The
constructor will set OPTIONAL fields tlULL.

The C++ classes that represent CHOICE types contaam@an ChoiceldEnum that al-

lows _getref() to be written using awitch statement. The functiorchoicebyname() and
choicebyvalue() turn the component's name into its enumeration value and vice versa.
(The enum has not been introduced with the metacode, it is used by Snacc's encoding
and printing functions as well.)

A CHOICE type's C++ class contains an anonymous union to hold the components

of the CHOICE. Anonymous (unnamed) unions allow to reference the choice compo-

nents with just the field name of the component; this makes referencing the contents of
a CHOICE the same a referencing the contents of a SET or SEQUENCE.

4.1.3 SET OF and SEQUENCE OF

Every SET OF and SEQUENCE OF type is implemented using a double linked list.
The classes that implement those lists provide a lot of access functions for the usual
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operations: inserting, deleting, iterating across the elements.

The list description behaves like that of an ASN.1 simple type—the description type is
derived directly from the base class and does not redefine any of the metacode func-
tions:

struct AsnListTypeDesc: AsnTypeDesc

{

const AsnTypeDesc *const base;

AsnListTypeDesc (const AsnModuleDesc *, const char *,
bool ispdu, Type, AsnType *(*create)(), const AsnTypeDesc *);

#if TCL

int TclGetDesc (Tcl_DString *) const;
#endif
3

TheTclGetDesc function merely adds the base type's standard type description (module
and type name, PDU flag and type) after its own, so that a programmer may take the
base type's name and ask the metacode once again for the base type's full description.

A list type's data class on the other hand has gajesref() function that gives access
to the list's elements and it can be used to insert new elements at any desired position.

The introductory example on page 25 contains a SET OF type. Its implementation is
as follows:

class DirectorySetOf: public AsnType

{
protected:
unsigned long int count;
struct AsnListEImt
{
AsnListEImt *next;
AsnListEImt *prev;
File *elmt;
} first, *curr, *last;
public:
#if META
static const AsnListTypeDesc _desc;
const AsnTypeDesc *_getdesc() const;
AsnType *_getref (const char *index, bool create = false);
#if TCL
int TclGetDesc (Tcl_DString *) const;
int TclGetVal (Tcl_Interp *) const;
int TclSetVal (Tcl_Interp *, const char *valstr);
int TclUnsetVal (Tcl_Interp *, const char *indexstr);
#endif // TCL
#endif // META

DirectorySetOf() { count = 0; first = curr = last = NULL,; }

Il ... alot of other functions omitted, destructor, Clone, list access and encode/decode functions...
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4.1.4 Aliases

For ASN.1 types being defined as a direct copy of another type, snacc in normal oper-
ation uses a C+typedef to define the C++ type. Since thigedef makes the two types
totally equivalent, the metacode would not have any chance to preserve the two types'
different names and thus, this construct cannot be used. A new C++ class has to be
defined instead.

Example: the following two ASN.1 type definitions...

Intl ::= INTEGER { foo(42) }
Int2 ::= Intl

... get mapped into these C++ definitions:

class Int1: public Asnint

{
public:
Int1(): Asnint() {}
Intl (int i): Asnint (i) {}
enum
{
foo =42
3
#if META
static const AsnNameDesc _nmdescs[J;
static const AsnintTypeDesc _desc;
const AsnTypeDesc *_getdesc() const;
#endif // META
3
#if META
struct Int2: public Int1
{
Int2(): Int1() {}
Int2 (inti): Intl (i) {}
AsnType *Clone() const;
static const AsnAliasTypeDesc  _desc;
const AsnTypeDesc *_getdesc() const;
3
#else /| META
typedef Intl Int2;
#endif // META

The descriptor type's definition points to the reference type:

struct AsnAliasTypeDesc: AsnTypeDesc
{
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const AsnTypeDesc *const alias;

AsnAliasTypeDesc (const AsnModuleDesc *, const char *,
bool ispdu, AsnType *(*create)(), Type, const AsnTypeDesc *);

const AsnModuleDesc *getmodule() const;

const char *getname() const;

bool ispdu() const;

Type gettype() const;

const AsnNameDesc *getnames() const;
#if TCL

int TclGetDesc (Tcl_DString *) const;
#endif

h

The AsnAliasTypeDesc type is the reason for the five virtual functions frgeimodule()

to getnames() defined in bottAsnTypeDesc andAsnNamesTypeDesc on the one hand and
AsnAliasTypeDesc on the other hand. While the alias type belongs to a different module
or has another type name and may have angtheftag value, its type and names array
values are those of its reference type. TherefaseAliasTypeDesc's first three of the

five functions return the description's own values, and the latter two call their reference
type's functions.

The getnames() function has to be defined in the hierarchy's base class because the
aliases may be defined for any type of type, not only for types with named values.

415 ANY (DEFINED BY)

ANY DEFINED BY is quite problematic. The ASN.1 Book [14] calls it “a rather half-
baked attempt at solution”. Since snacc has problems with it—the user has to modify
the snacc generated code—and none of our applications requires this construct, no ef-
fort has been made to implement metacode for it.

ANY itself on the other hand would be quite simple to implement—the virtual function
call mechanism that is used to implement the ANY type is the basis for the metacode as
well. But again, since we have no need for the ANY type, it is as far unimplemented.
Besides that, according to the ASN.1 book, the “use of ANY without the DEFINED
BY construct is "deprecated' (frowned upon) by the standard”. The next ASN.1 stan-
dard will probably not have the ANY type any more. In the 1993 draft standard [7],
ANY and ANY DEFINED BY can be found in “Annex I: Superseded features”, Sec-
tion 3: “The any type”.

416 Modules

Every. Cfile (that corresponds to arasnl file or: an ASN.1 module), gets an array
that lists all the module's types. This array contains pointers to allddése members
of all classes of a module.

struct AsnModuleDesc

{



4.2. EFFICIENCY 39

const char *const name;
const AsnTypeDesc **const types;
I3
extern const AsnModuleDesc *asnModuleDescs][];

The modules themselves are listed in yet another array, the declaration of which
is shown in the preceeding line. This array has got its own source file named
nodul es. C. This array allows all modules to be found, and every type that is de-
fined in these modules.

4.2 Efficiency

The metacode is designed with efficiency in mind. The metacode is intended for in-
terpreted interfaces and therefore does not need to be highly optimized. On the other
hand, the same object code should be useable for normal (non-metacode) tasks without
loss of performance.

4.2.1 Normal Operation

The metacode does not significantly affect the normal mode of operation. The static
data membersdesc, _nmdescs[] and_mdescs[] do not increase the class instances' size.

The virtual function tables, which have already been present (they are used for the
ANY type), get a little longer, but since these tables exist only once for every class,
this difference is neglible. The class instances reference their virtual function table
with a pointer, and so the metacode does not introduce any change here. Except for
alias types, the C++ classes generated are exactly the same. The metacode introduces
a new class for alias types, but since no new data members are introduced their size
stays the same; only the virtual function table pointer is different.

All normal member functions (constructor, destructor, assignment operator, encode,
decode and print functions) are identical—with only one exception: if the metacode
is compiled to be usable by the Tcl interface, the constructors initialize their manda-
tory members; when the code is compiled for other purposes, this task is left to the
programmer who instantiates the object.

To sum it up, both code and data grow, but except for a longer loading time from disk
and an increased probability for cache misses, the code will run as fast as it does with-
out the metacode.

4.2.2 Metacode

The metacode routines are kept quite simple. Intended to be used in conjunction with
a Tcl interface, speed was not the most important concern. Consequently, the code
is optimized more towards memory usage than run time efficiency. As an example,

name to member resolution uses a linear lookup strategy instead of more elaborated
algorithms like binary search or hash tables. For data types that typically have up to a
dozen components, more sophisticated algorithms would have been overkill.
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A typical object file gets almost 20% larger due to the metacode (the Tcl interface adds
another 25%).

4.3 Metacodevs. Type Tables

Snacc's type tables and the metacode are two different approaches to the same prob-
lem. While both are intended for similar purposes, namely to be able to write generic
programs that can handle data structures unknown before hand, their design, imple-
mentation and capabilities are quite different.

The metacode is an extension of the normal C++ code. When Snacc is used to gen-
erate type tables, no files that have to be compiled are generated at all. Snacc instead
generates type descriptions in form of a BER encoded file (the ASN.1 description of
which can be found in an appendix of the Snacc user documentation and online in the
file .../ asnlspecs/tbl.asnl). This type description file can then be loaded
from C programs using type table library functions. The type table gets loaded with
LoadThlFile(), and the BER encoded data can be decoded usibgcode(). Similar to

the metacode, the ASN.1 types are accessed through character strings, and therefore it
should be possible to build interpreted ASN.1 interfaces using Snacc's type tables.

Here's a list of both the type tables' and the metacode’s (dis)advantages:
e target source code language:

— The type tables are implemented for C only.
— The metacode works only for C++.

speed:

— Encoding and decoding using the type tables is said to be about 4 times
slower than using the C routines.

+ The metacode does not (significantly) harm performance.

code size:

+ The tables are a lot smaller than the compiled routines.
— The metacode makes the compiled code even larger.

value constants:

— The type tables lack the values defined in tlasn1 files.

+ The metacode interacts fine with these values, but no interface has be im-
plemented that allows to access them by their names. This interface can
easily be added, see Section 6.5 on page 64.

named values:

— The type tables lack the named values defined for ENUMERATED and IN-
TEGER types and the named bits defined for BIT STRING types.

+ The metacode interacts fine with these names and makes them accessible
to interpreted interfaces.
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e compatibility to normal snacc code:

— The C structures defined mgkchdr (a type table tool that generateb
files from types tables) and used by the type table encoding and decoding
routines on the one hand and the C structures definesthbgc's C back-
end on the other hand are quite different. Where the backend's structures
generated for SEQUENCE types contain mandatory members by value, the
type tables' structures contain only pointer members.

+ The C++ classes defined with the additional metacode have not got any ad-
ditional non-static data members. The same application code can be com-
piled with and without the metacode (and the Tcl interface code).
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Chapter 5

Tcl and Tk

Tcl is a simple scripting language which the author, John K. Ousterhout, describes in
his book titled “Tcl and the Tk Toolkit” [10]. Tcl's purpose is to be embedded into
other applications, to provide a user interface by extending the language. Tk, an im-
plementation of the Motif look and feel, is the best known extension to Tcl and is de-
scribed in the same book.

Tcl has got only one data type, the NUL terminated character string. Tcl supports other
data types like integers and lists, but they are represented as strings. A function oper-
ating on an integer first converts the string into an integer, performs its numeric oper-
ation, converts the resulting integer value back into another string and returns it to the
Tcl interpreter. Since lists and even the Tcl procedures are kept as strings, Tcl is rather
slow. Computations in Tcl should best be kept at a minimum, and all intensive work
should be wrapped into C or C++ functions and be made available as Tcl commands.

Since procedures and bodies of loops are kept in string form and parsed for every in-
vocation, comments should be put outside code that is exeeertedften.

5.1 Programmingin Tcl: Problemsand Pitfalls

The rest of this chapter is intended as grab-bag for Tcl and Bourne shell programmers.
Some sections will be referenced from sections of Chapter 7 where the editor's imple-
mentation details will be discussed.

511 Thelnput Parser

Tcl's parsing paradigm is almost identical to that of lisp: first, the structure is parsed,
then the first token is elected to be the command that gets called with the tokens col-
lected. In other languages, the commands are part of the syntax and the input parser
behaves according to the command tokens it recognizes. In Tcl and lisp it is easy to
introduce new commands, in C and perl it is impossible. The only difference between
Tcl and lisp: in lisp, a procedure call is enclosed in parenthesis, in Tcl it is delimited
by newline or semicolon. In most languages, white space is used only to separate input
tokens but is otherwise insignificant. Tcl is an exception.
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Example: in C you can write

if
(cond)

{
do_something;
}if (cond) { do_this_as_well; }

and if you put a “$” before theonditions, the example becomes valid gecbde.

In C and perl, braces group commands, in Tcl, braces are quotes. The rather odd look-
ing Tcl code

if 1 "puts {hello}"
makes perfect sense and prints “hello”, as do the following modified versions:

if 1 {puts {hello}}
if 1 {puts hell o}

if 1 "puts hello”

if 1 "puts \"hello\""
if 1 {puts "hello"}

The code
if 1 {puts yes} if 1 {puts no}

prints “yes” but no “no”. The first f is called with six arguments (argument zero is
the “if” itself). It evaluates the first argument, finds that it constitutes a boolean true,
executes its second argument and stops.

if O {puts no} if 1 {puts yes}

finally results in an error message as tifecommand finds a boolean false as argu-
ment one, skips argument two and continues parsing with argument three where is
stumbles across the second “if” where it expects either “elseif” or “else”. In Tcl, com-
mands are separated by newline or semicolon and thus a proper way to write the exam-
ple is:

if O {puts no}; if 1 {puts yes}

This prints our “yes” again.

Newlines can be escaped and escaped newlines can be used to get aligned opening and
closing braces:

if {cond} \
{

do_sonet hi ng

}

perl is a very popular interpreted language. Itis a freeware tool that lends itself for text filtering as well
as system management tasks.
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5111 Quoting

While Tcl programming should be as simple as shell programming, Tcl's different
guoting mechanism may drive experienced sh-programmers nuts.

This will be illustrated with some example$ (s the sh prompt, %is thet cl sh
prompt): whereas ihbi n/ sh?,

$ args="a b c"
$ cnd0 $args
$ cndl "$args”

cndO is called with three arguments, in Tcl,

% set args "a b c"
% cnd0 $ar gs
% cndl " $args"

both commands are called with only one argument! To catiO with three argu-
ments, you have got to write

% eval cndO $args

But beware! If the command contains spaces, you must quote them, so the canonical
syntax to write this example really is:

% eval [list cnmd0] $args

Pretty simple, isn'tit? :-) On the other hand, once understood, this quoting mechanism
is quite useful as it avoids hacks liké's "$@":

% set files [glob *]
% eval exec Is -1 $files

How can the same effect be reached in a sh-script? Let us assume that we have got two
files in the current directory, named “b” and “c”.

$ files=*
does not glob, as can be verified:

$ echo "$files”
*

We can use a trick to get the file list into thel es variable:

2This is where the Bourne shell is installed on almost every UNIX system. Under Lirnixy/ sh is
a link to GNU's Bourne-Again Shelbash, but as far as this chapter's examples are concerned, it behaves
like the original.
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$ files="echo *°

$ # (please note: quote — '° <« backquote)
$ echo "$files"
abc

Fine, we now have got the file list, it seems. But wrong, we cannot use it:

$1s -1 $files

a not found

b not found

SrwWrwer- o 1 orj 0 Jul 24 15:57 ¢
$1ls -1 "$files"”

a b c not found

The solution:
$ set - *
the shell has globbed:

$ echo "$*"
abec

and the files are separate:
or f do echo "$f"; done

$f
ab
c

Now we have to quote each individual argument:

$1s -1 "$@
SrwWrwr- 1 orj 0 Jul 24 15:57 a b
SrwWrwer- o 1 orj 0 Jul 24 15:57 ¢

Some older Bourne shell versions have a bug that makes them turn an empty argu-
ment list intoone empty argument instead of the correcto arguments. Therefore, the
canonical form for our example really is:

$1s -1 ${1+"$@}
Srwrwr- o 1orj 0 Jul 24 15:57 a b
SrwWrwer- o 1 orj 0 Jul 24 15:57 ¢

Do you care for the perl equivalent? Anyway, here it is:

opendir (D, '.');
@iles = grep (/™M~™. 1/, readdir (D));
closedir (D);

system ('Is', '"-I', @iles);
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5.1.2 Non-orthogonal commands

The simplicity of the input parser lets you easily predict what a Tcl command is called
with as arguments. But some Tcl commands call the parser again to evaluate their
arguments and some do not. In most cases they have to do so to execute conditional
code, but at some places they are merely trying to offer you a service where it is not
strictly necessary.

A possible trap: the first argument to Tdl's command will be evaluated as an ex-
pression, the first argumentsa t ch will not! While

if {[sone_command ...] == {abc}} {...}

is a reasonable thing to do, the similar looking

switch {[some_command ...]} { abc {...} }
will not show the expected result. It must be written as
switch [sone_command ...] { abc {...} }

On second sight the reason fiof 's behaviour becomes clear: it is the same as the
whi | e command's. Thehi | e command must evaluate the condition itself in order

to get the usual loop semantics where the entry condition has to be evaluated again
and again—the input parser, when given an unquoted condition, would evaluate the
condition only once!

set i O
while [expr $i !'= 1] \
{

}

set i 1

loops forever as the while command is called with “1” as its first argument. The brack-
ets inwhi | e's first argument must be quoted to defer their evaluation.i Forom-
mands the difference is small, as it does not constitute a loop.

i f [ command]
and
i f {[command]}

will bring the same result most of the time, that is wHesommand] and[ expr
[ command] ] result in the same boolean value.

An attempt was made to write some clean code:

set quittext {...}
set savetext {...}
set canceltext {...}

set buttons [|ist some conbination of the above texts]
switch [lindex $buttons [eval [list tk dialog ...] $buttons]] \
{

$savet ext \

{
if {[...1}
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}

$cancel text \

}

This does not work because tisavet ext and$cancel t ext in the switch com-
mand's second argument do not get evaluated. The statement was rewritten to read

switch [lindex $buttons [eval [list tk_dialog ...] $buttons]] \

$savet ext \

{
if {[...1} ...
}

$cancel text \

but after realizing that now every bracket had to be escaped to defer its evaluation

switch [lindex $buttons [eval [list tk_dialog ...] $buttons]] \

$savet ext \

{
if {\[...\]} ...
}

$cancel text \

This code does not look as clean as it was intended to be. It was rewritten to have a
fixed list of fixed button texts:

switch [lindex {save discard cancel} [tk_dialog ... Yes No Cancel]] \
{

save \

{ .

if {[...1} ...

}

cancel \
}

It is not too uncommon to enclose command text in qudtes (") instead of braces
(. ..1}): Tk callbacks are often specified this way.

button .b -comuand {sone_proc $sone_var}
button .b -comand "sone_proc $sone_var"

In the first line,sone_pr oc would be called with the literédsonme_var . This vari-
able may be a local variable of the callback installer, inaccessible to the callback pro-
cedures, and therefore the second line must be used. The second version invokes the
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callback procedure with the contents of the variable. The callback will be called with
the contents split into words. To guard against that, the argument has to be quoted.
Quoting with quotes (\"..\") or braces ({..}) may workmost of the time, but it is a

good idea to use the canonical way:

button .b -comuand "sone_proc [list $sone_var]"

5.1.3 TheTrace Mechanism

In the ASN.1 editor, the ASN.1 data is kept in two data structures: the C++ object
contains a binary representation and the graphical user interface requires a Tcl typi-
cal string representation. When the ASN.1 data that is displayed in a Tk widget is
changed, the C++ data structure has to be updated. Tcl's trace mechanism is an ideal
way to do this: most Tk widgets operate on global variables that can be traced. When-
ever the Tk widget changes its variable, a Tcl procedure gets called.

At some point during the implementation the trace mechanism appeared not to work.
The reason was that the procedure that is called for a variable trace does not get the
variable's canonical name. If a procedure has defined an alias for the variable using
the upvar command and installs a trace using the alias, the trace function will be
called with the alias, not the variable's true name.

The problem is that an alias that refers to a global variable is not automatically global
as well and the trace procedure may generate an error when it tries to access the vari-
able. In other constellations the trace procedure will not get called at all.

A simplified example shall illustrate the different (missing) possibilities.

The following code contains some variable initializations, the trace procgdiae

and five different trials to use it. Thevar procedure is essentially the same as in the
Tcl book [10, page 133]. The code that handles array variables has been removed (the
example does not use any array variables)gmdar is used to reference the variable

in the global scope instead of the calling procedure's scope (Tk callback’s have to use
the global scope, this is explained in the below name space section).

set x O
set x0 0O
set x1 0
set x2 0

proc pvar {varnane el enent op} \
{
upvar #0 $varnane var
puts "variabl e $varnane set to $var"

}

trace variable x w pvar
set x 1
trace vdel ete x w pvar
set x 2

upvar #0 x y
trace variable y w pvar
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set y 3
trace vdelete y w pvar
set y 4

proc tO
{

{3\

upvar #0 x0 z

trace variable z w pvar
set z 5

trace vdelete z w pvar
set z 6

}

proc t1l
{

{3\

upvar #0 x1 z

trace variable x1 w pvar
set z 7

trace vdelete x1 w pvar
set z 8

}

proc t2 {} \
{
gl obal x2
upvar #0 x2 z
trace variable x2 w pvar
set x2 9
set z 10

}
if {[catch t0 nsg]} {puts "caught

if {[catch t1 nBg]} {puts "caught
if {[catch t2 nsg]} {puts "caught

When the code is run it prints:

variable x set to 1
variable y set to 3

caught t0: can't set "z": can't
vari able x2 set to 9
caught t2: can't set "z": can't

The first line shows the desired effect.
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t0: $msg"}
tl: $nmsg"}
t2: $msg"}
read "var" no such vari abl e
read "var": no such variable

The second line demonstrates thatr gets called with the aliag, not the canonical
namex. The example functions because the alias is introduced in the global scope

wherepvar expects it.

Line 3:t 0 cannot work ax0's aliasz is not globally known.

The line missing between lines 3 and 4: tld no error occurs but the trace is not

triggered.

Lines 4 and 5t 2 demonstrates that the only way theace command is to be used
is with the variable's canonical name2 can be set.
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5.1.4 Name Space

Tcl lacks a file scope for procedures and especially variables.

In C you have got the file scope and functions can be hidden by making them static.
C++ has the additional class scope and functions can be hidden therein. Variables can
likewise be hidden, so that they are accessible from one module or from some set of
class methods only. In Tcl there is nowhere to hide, your only escape is to give your
procedures and variables unique names that will hopefully not collide with your own
and with other programmer's procedure and variable names.

The usual strategy is to build procedure names with a module name as a prefix, for
example tk_dialog is the name of a Tk utility, a procedure that implements a dialog
box.

When programming X in C using Xt, the X Toolkit Intrinsics, you can give your call-

back functions the address of a hidden variable. Every callback procedure Kas an

Pointer client_data parameter for this purpose. The variable may be dynamically allo-
cated and may not even have any name at all.

It is impossible to get rid of global variables using Tk. Tcl has got local variables,
and Tcl procedures can access the local variables of their calling procedures by means
of theupvar command, but since Tk widget callback procedures get called from the
Tk event scheduler, not from the procedure that installed the callback, access to the
installer's local variables is lost. A workable solution to this problem: a mechanism
that generates unique variable names. The callback procedures get this variable name
as argument. Bot the callback installer and the callback function declare the variable
as global.

If more variables are needed, one can use more variable names or one can use one
single variable as an associative array. Using more variable names, a lot of callback
procedures would have to be called with a long argument list and every time another
variable is introduced, the code would have to be adjusted at a large humber of places.
A good way to lose oversight. Associative arrays are far easier to maintain: only one
variable stub, all procedures are called with a steady number of arguments, and one
can deallocate all bundled variables at once. Associative arrays are implemented using
hash tables and are as efficient as ordinary variables.

The recipe to get individual variables or widget names is simple: use a counter to ap-
pend a number to a unique name stub and a small loop to test the variable's or widget's
existence. This is an excerpt of the Snacc editor's Tcl script:

# the counter:
set #file O

proc new file {handl e} \

{
gl obal #file

# the test | oop:
while {[winfo exists [set toplevel .[set fileref file${#file}]]]} \

{

incr #file

}
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# declare the variable as gl obal:
upvar #0 $fileref file

# use it as associative array:
set file(handle) $handle

5.2 Conclusion

As soon as the Tk module for Perl5 stabilizes, it should be considered to stop writing

new tools in Tcl that are not guaranteed to stay small. Tcl is nice for simple tasks,

but programs tend to grow and parts thereof get extracted for reuse. This is where Tcl
shows its weaknesses.

Perl scripts get parsed once at startup into an internal form. If the compilation detects
any errors, the script is not executed. In Tcl, many syntactic errors go unnoticed until
the offending particular piece of code is first executed.

The perl compilation step is very fast, and the runtime execution of Perl scripts is many
times faster than that of Tcl, speed differences of 10:1 are common.

Perl is able to handle binary data, Tcl stops at the first NUL byte.
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Tcl Interface

This chapter describes Snacc's Tcl interface, or: the metacode's link to the outside
world.

From Tcl's point of view, Snacc's Tcl interface is nothing but yet another Tcl exten-
sion. The Snacc Tcl interface extends the Tcl language by only one comsreaxt; .

The first argument to this command specifies the action to be taken. This method is
very practical for combining Tcl extensions since it avoids collisions with new com-
mand names from other extensions. For example, the Tcl core defirmgseancom-

mand. Snacc's Tcl interface wants to offer one as well and has to choose another name.
This could have been done by namingitacc_open, but it is better to stick to Tcl's

well established convention and so the Tcl interface's open command became

open. To simplify the wording, the “snacc subcommands” will be referred to simply

as “commands”.

The usual (non-metacode) snacc generated functions operate on memory buffers con-
taining BER encoded data; they convert them into hierarchical C++ data structures and
vice versa.

The Tclinterface is designed to allow controlled fine grained access to this hierarchical
C++ data structure, to read and modify its contents. While both the C++ code and the
Tcl look very similar, for example...

I/ this is C++ code
pdu—>foo—>bar = 42;

. and...

# this is Tcl code
snacc set {$pdu foo bar} 42

... the C++ code gets compiled and the identifiers get turned into pointers and numeric
offsets, and the Tcl code gets interpreted and has to mimic the C++ compiler at run
time. This is what the metacode from Chapter 4 is for.

To enablesnacc's Tcl code generator, you have to give it an additiertad| option,
followed by the list of PDU types. The redundantet a option can (and should) be
omitted.

53
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6.1 Thesnacc Tcl command

This section explains the Tcl (sub)commands provided by the Snacc extension. The
commands are grouped in three catagories, commands operating on files (both their
external and internal representation), commands accessing the meta information and
commands operating on the internalized contents.

The file commands check the return value from system calls and behave like for ex-
ample the Tcbpen command, that is, they set tlee r or Code variable toPCSI X
errno,e.qg.POSI X ENOENT {No such file or directory}.

There are two types of errors:

1. Programmer errors, where the program has no other choice as to print a regret to
the user and exit

2. User errors, such as trying to write to a read-only file, where the program should
tell the user about their mistake and let them try something else.

The Tcl interface code helps the programmer for the second type of error by setting
Tcl's er r or Code variable. The program camat ch any error, and, based on the
err or Code, choose to deal with the mistake or rethrow the error that it is not pre-
pared to handle.

The editor user should not be able to crash the program. The metacode and the Tcl in-
terface code have been made quite robust, not just against user and programmer errors
from “outside” (using thesnacc Tcl command), but against errors from the “inside”

as well, such as illegal numeric values for enumeration types or illegal choice settings.

Examples of how many of the commands can be used are given in Section 6.2 starting
on page 59.

The syntax of the below command descriptions is that introduced by Tcl's author; it
is used in the Tcl/Tk book [10], the online manual pages and in the documentation of
countless Tcl extensions. In particular, optional command arguments are enclosed in
question marks Literal strings are set inpri ght typef ace, variable arguments

are setirobl i que t ypeface. Tcl'sset command for example has the following
synopsis:

set varnane ?newal ue?

Valid uses therefore are:

set x 3
set X

6.1.1 FileCommands

Most snacc Tcl commands operate on so-called files. A file is an internal data structure
that

¢ references the C++ representation of an ASN.1 data structure as a poider to
Type

1Brackets have been used to denote optional arguments in UNIX documents for decades, but Tcl uses
brackets for command substitution.
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e may be associated with an external file in the file system

Three of the commands below allocate new files and must be given a content type spec-
ification. Thistype has to be denoted as one argument, a Tcl list with two elements,
module and type. If the type is unknown, an error is returned and 8rcti'®r Code
variable is set t&NACC | LLTYPE.

The commands operating on these files are as follows:

shacc create type The command creates a file consisting only of an instance
of typetype. Fortype see the notes at this sections beginning. No external file-
name is associated with this file. The command returns a file handle to be used
for other file commands and as first path component for commands that operate
on the file's contents (described below).

snacc open type filename ?flags? ?npde? Open a file and read and
decode its contents. Ftype see the notes at this sections beginning. The op-
tional flags may consist of:

cr eat e If the file does not exist, create it. If this flag is not given and the file
does not already exist, an error occurs.

truncat e If the file exists, drop its contents.

access which may be either o or r w, denoting read only and read/write ac-
cess. If no access mode is specified, the file will be opened read/write if it
is writable, and read only otherwise.

If the file is created, its mode is setr@de, minus umask, of courseiode may
be any value accepted bygl_GetInt(3) (the function accepts octal values). At last,
if the file could be opened, its contents is read and BER decoded. Asnéarc

cr eat e above, a file handle is returned.

If the file cannot be opened, an error is returned identical to dplsn com-
mand.

More errors can be returned, as described usdarcc r ead below.

snacc cl ose fil e closes the fildile and invalidates the file handle. Upon suc-
cess the command returns the empty string.

snhacc read file ?type filenane? without thefilename, rereads the file
from its old place; otherwise opeffisfename, reads its contents which are ex-
pected to be of the givelype into file and closes it. Fatype see the notes at this
sections beginning. The file's contents gets BER decoded.

In case ndilename has been given but tHée is not associated with a filename,
an error is returned aret r or Code is set toSNACC MJUSTOPEN.

If Snacc's decoding routines detect an error, a Tcl error is returned and
error Code is set toSNACC DECODE errval whereerrval is the integer
value returned by the Snacc routines' error handling code.

If the input file is too short, the buffer will signal a read error and a Tcl error will
be returned, witter r or Code set toSNACC DECCDE ECBUF.
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snacc wite file ?filename? BER encodes the file, then writes the file to
its old place in case nfilename has been given, or opefitename, writes file
into it and closes it.

In case ndilename has been given but tHée is not associated with a filename,
an error is returned aret r or Code is set toSNACC MUSTOPEN. If you try to
write to a read-only file, an error is returned agrdr or Code is set toSNACC
VRl TE READONLY.

snacc finfo file returnsalistwith two elements, the file name associated with
it (the empty string if no external file name is associated with it) and an identifier
which may be

bad the file is not associated with an external file.
r w the external file has been opened read/write.
r o the external file has been opened read only.

Since Tcl cannot operate on binary strings (that is, strings containing NUL bytes), but
ASN.1 octet strings may contain arbitrary binary data, the binary data has to be con-
verted into a replacement notation that Tcl can work with and that can be converted
back to binary without loss of information. The conversion chosen is fairly simple:
NUL is converted into a backslash followed by a zero digit, and every backslash is
doubled.

These conversions for the most part take place automatically. In fact, there is only one
point where the binary representation is necessary, when you want to read or write data
from or into a file on disk. Two functions have been written to offer this: the export
function converts and writes an octet string to an external file, and the import function
reads binary data from a file and converts it to the Tcl compatible representation. Un-
like the functions described above, these two do not operate on ASN.1 files, that is, the
contents is not BER decoded/encoded, but may be used for any file in the file system.

snacc i nport filenane opensthe file named, reads its contents, closes it, per-
forms the above described conversion and returns the resulting Tcl string.

snacc export string fil enanme convertsthe Tcl string into its binary coun-
terpart, opens the file named, writes the binary buffer into it and closes it. The
file is created and truncated as necessary. The command returns the empty
string.

6.1.2 GenericInformation Retrieval

The following functions return information about the modules and their types. (This
information is independent of any file instance, it is the information from the type de-
scriptions in the asn1 files.)

snacc nodul es returns a list of module identifiers.

shacc types ?nodul e? if a moduleis specified, returns a list of all type names
of that module. otherwise, a list of all types is returned as a list of pairs, where
each pair consists of the module name and the type name.
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shacc type type wheretypeis a list with two elements, module and type. This

command returns a list with the following four elements:

0. the content type as a list consisting of module name and type name

1. anidentifier that is eithgrdu or sub depending on the list of PDUs that
had been given after snacescl option.

2. the ASN.1 type (e.g. INTEGER or CHOICE)
3. alist of items that depends on the ASN.1 type:

INTEGER a (possibly empty) list of pairs of name and value for each
named value.

ENUMERATED a (non-empty) list of names.

SET, SEQUENCE andCHOICE a list of lists of four elements similar
to that being described here. Element O is the subtypes name, then
follow content type (a pair consisting of module name and type name),
pdu vs. sub and finally the ASN.1 type. (The fourth element of the
outer list is omitted for obvious reasons: it would explode the type's
description.)

6.1.3 Operationson Contentsand Structure

Finally, the last last four functions operate on the file instances itself. All four com-
mands get @ath argument that is constructed as follows:

Everypath starts with a file handle as returned®gyacc creat e orsnacc
open.

All subsequent path elements, except for the last, must indicate elements of com-
posed types. For CHOICE, SET and SEQUENCE, these are member names, for
SET OF and SEQUENCE OF, these are numeric indices.

The last path element may reference a simple type.

For SET OF and SEQUENCE OF, instead of a numeric index, a pair consisting
of the wordi nsert followed by a numeric index may be specified. In this case,

a new list element is inserted before that addressed by the index. The index must
be intherangé...n—1to address existing elements and it must be in the range
0...n forinsertion, where in both caseds the number of elements in the list.

Forsnacc unset, the path must point to an optional member of a SET or
SEQUENCE or to an element of a SET OF or SEQUENCE OF.

The commands are:

snacc info path returns information about the value pointed tofmth. The

information returned is quite similar to that shacc t ype above, with the
following exceptions:

e element 0, the content type, contains empty names for types that have not
been given a name (e.g. a SET member of type OCTET STRING. Ex-
ample: thecontents member in typeFile in file edex1. asnl (page 86)
snacc inforeturns{{} {}} sub {OCTET STRI NG ).
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¢ the number of elements depends on the ASN.1 type:

simple types NULL, BOOLEAN, INTEGER, ENUMERATED,
REAL, BIT STRING and OCTET STRING): No additional el-
ements are returned. For the list of named values for INTE-
GER, ENUMERATED and BIT STRING, you have to calhacc
type [lindex [snacc info path] 0], unless the content
type equalg{} {}}.

CHOICE Atotal of five elements is returned, number 3 is the name of the
choice member currently chosen, and the final element number 4 is
an identifier that is eitheroi d or val i d depending on whether the
pointer representing the choice membeNt.L or pointing to some
data.

SET andSEQUENCE A fourth element, a list of pairs, is returned, where
the pairs are built from the member name and an identifier that is ei-
therval i d orvoi d

SET OF andSEQUENCE OF The number of items is returned as ele-
ment number 3.

shacc get path returns the value of the subtree pointed todagh. The value
returned is a simple string for simple types, and a hierarchical structure (in Tcl
that is a list of lists) otherwise. For the individual types the values returned are:

NULL The empty string is returned.
BOOLEAN The value is returned asRUE or FALSE.

INTEGER The numeric value is returned, even if it has been assigned a name.

ENUMERATED The symbolic value is returned. The numeric values are inac-
cessible through the Tcl interface. If the object happens to contain an ille-
gal numeric value, an error is returned ad or Code is set toSNACC
| LLENUM

REAL The value is returned as formatted &yintf (..., "%g", ...), except for
the special valueBLUS-INFINITY andMINUS-INFINITY which are returned
as+i nf and- i nf , respectively.

BIT STRING A string, consisting solely of “0”s and “1"s, is returned.

OCTET STRING The binary string is returned as is, except for the unavoid-
able NUL-escape described above.

OBJECT IDENTIFIER The value is returned as a list of numbers.

CHOICE The value is returned as a pair, the choice member chosen and its
value.

SET andSEQUENCE The value is returned as a list of pairs of member name
and value. Absent OPTIONAL members are left out from the list.

SET OF andSEQUENCE OF The value is returned as a list of values.

snacc set path val ue sets the subtree identified pgth to value. For the the
different types, the values are expected in the following formats:

NULL The only legal value is the empty string. Otherwise, an error is returned
ander r or Code is set toSNACC | LLNULL.
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BOOLEAN Any value that is accepted gl _GetBoolean(3) is fine.

INTEGER Both the numeric (as accepted bgl_Getint(3)) and the symbolic
values are allowed.

ENUMERATED Any value must be specified by its name. If an illegal name is
given, an error is returned ard r or Code is set toSNACC | LLENUM

REAL The special valueBLUS-INFINITY andMINUS-INFINITY have to be given
as+i nf and- i nf , respectively. All other values may be specified in any
format accepted bycl_GetDouble(3).

BIT STRING A string that must consist of “0”s and “1”s only has to be
given. Otherwise, an error is returned agwr or Code is set toSNACC
I LLBIT.

OCTET STRING Due to the NUL-escapes necessary, any string where a back-
slash is followed by either another backslash or a “0” digit is legal. Im-
proper use of the escape character leads to an erragrandr Code will
be set taSNACC | LLESC.

OBJECT IDENTIFIER The value has to be specified as a list of numbers. If
the arc has less than 2 or more than 10 elements, an error is returned and
error Code is set toSNACC | LLARC <2 or SNACC | LLARC >10,
respectively.

CHOICE The value expected is a pair, the choice member chosen and its value.
If an illegal member is specified, an error is returned andor Code is
set toSNACC | LLCHO CE.

SET andSEQUENCE The value has got to be a list of pairs of member name
and value. Any member may be specified at most once. All mandatory
members must be present. Failure to do so will result in an error and
err or Code to be set tcSNACC DUPMENMB or SNACC M SSMAND, re-
spectively. All optional members not listed in the value will be deallocated.

SET OF andSEQUENCE OF The whole list is replaced with the specified
value that has to be a proper Tcl list.

snacc unset path unsets the subtree pointed to psth. Only OPTIONAL
members of SET and SEQUENCE types and list elements of SET OF and SE-
QUENCE OF may be unset. If you try to unset a mandatory SET or SE-
QUENCE member, an error is returned aedr or Code is set to SNACC
MANDVENMB.

Tk's example where one has to set widget comman{l} to delete them was not fol-
lowed. This method would have the drawback that one could not distinguish between
an empty and a non-existing OCTET STRING (in C that would'lws. NULL).

The value returned bynacc get may be very longsnacc get fil eO returns
the contents of the whole file!

6.2 An Example Session

The following example session shall illustrate teacc commands usage. (This
is an example session for editor programmers, editor users do not have to type any
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of these commands.) It assumes that the editor exampledidex0. asnl and
edexl. asnl (see Appendix C on page 85) have been compiled into a binary that
has been linked with the necessary libraries.

The notation used is as in the Tcl book [10], i.es>™ indicates a normal return value
and “@” indicates an error with the error message setfid i que t ypef ace.

A look at the types available:

snacc types
= {EdEx- Si npl e Hand} {EdEx-Structured StructuredChoi ce}
{EdEx- Struct ured Coordi nate} {EdEx-Structured Coordi nat eSeq}
{ EdEx- Struct ured RGBCol or} {EdEx-Structured Sinpl e}
{EdEx- Si npl e File} {EdEx-Si npl e Rai nbowCol or} {EdEx-Structured
DirectorySet 0} {EdEx-Structured Various} {EdEx-Structured
Fil el} {EdEx-Structured Coordi nateSeql} {EdEx-Structured
Directory} {EdEx-Structured Structured} {EdEx-Sinple
DayOf TheWeek}

Create a file (without filename):

set file [snacc create {EdEx-Structured Structured}]
= file0

The string returned is the file handle. It is used as the first snaccpath component in
successive calls.

Look at the file's type:

snacc info $file
= {EdEX-Structured Structured} sub SET {{coord valid} {color

val i d}}
The file's type is a SET with the name “Structured” in module “EdEx-Structured” (it
is defined in fileedex1. asnl, see page 86). The “sub” tells us that the type has not
been marked as a PDU. The SET has the components “coord” and “color”; the “valid”
tells us that they both are present (they always are because they are not OPTIONAL,
i.e. mandatory).

Look at a component's type:

snacc info "$file color"
= {EdEX- Structured StructuredChoice} sub CHO CE rai nbow valid

Snacc has generated the type name “StructuredChoice” for this type, this name was
not defined in the asnl file. The CHOICE object currently is set to “rainbow”.

A CHOICE component is always present (CHOICE components may not be OP-
TIONAL), the “valid” is just for completeness.

Ask for the CHOICE's generic type information:

snacc type {EdEx-Structured StructuredChoi ce}

= {EdEx- Structured StructuredChoice} sub CHO CE {{rai nbow
{ EdEx- Si npl e Rai nbowCol or} sub | NTEGER} {rgb {EdEx-Structured
RGBCol or} sub SEQUENCE}}

The CHOICE type has got two possible components, “rainbow”, an INTEGER, and
“rgb”, a SEQUENCE.
Look at the INTEGER's type information:

shacc type {EdEx-Si npl e Rai nbowCol or}
= {EdEX- Si npl e Rai nbowCol or} sub I NTEGER {{red 0} {orange 1}
{yellow 2} {green 3} {blue 4} {indigo 5} {violet 6}}
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The type has got named values.

Access the file contents:

snacc get $file
= {coord {cartesian {{x 0} {y 0}}}} {color {rainbow 977768}}

The color component contains garbage. Change that:

snacc set "$file color rai nbow' green
=

snacc get "$file color”
= rai nbow 3

Change it again, select the CHOICE's other component type, “rgb”, and set its “red”
component:

snhacc set "$file color rgb red" 256
=

Changing a CHOICE component selection works only for write access, on read access
this is not possible:

snacc get "$file col or rai nbow

@ snacc get: illegal conponent "rainbow' in path
snacc get "$file color rgb"

= {red 256} {green 544501616} {blue 1814045815}

Upon setting a SET or SEQUENCE type, all mandatory members have to be specified:

snacc set "$file color rgb" {{green 0} {blue 0}}
@ mandatory nenber "red" is nmissing in |ist

snacc set "$file color rgb" {{red 0} {green 256} {blue 0}}
=

shacc get "$file color"
= rgb {{red 0} {green 256} {blue 0}}

Finish up:

snacc close $file
=
snacc get $file
@ snacc get: no file named "file0"

6.3 Implementation

The Tcl interface has got two layers. The lower layer connects to the metacode, the
upper layer implements thenacc Tcl command.

6.3.1 Lower Layer

In every data class, both the runtime libraries' and the backend generated, there are one
or two virtual metacode functionsgetdesc() and_getref(). The Tcl interface accesses
these methods through up to four additional virtual functions in the same data class
and up to two virtual functions in the description class. These functions already could
be seen in Chapter 4, “The Metacode”.

These functions allow access to the type descriptions and to the data of objects of these
types.
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6.3.1.1 Genericlnformation Retrieval

The description classes are defined in. / c++-1i b/ i nc/ net a. h, their mem-
ber functions (both the metacode and the low level Tcl interface functions that access
them) are defined in. . / c++-1i b/ src/ neta. C.

Both the data classes and the description classes have a VitbetDesc() function,

and both get dcl DString * as argument, that is a reference to a dynamic Tcl string.
In both class hierarchies the functions have different implementations at appropiate
places in the classes' inheritance trees.

TclGetDesc() of the description classes is used to get the steady description of a type.
The data classe3tlGetDesc() is used to get the dynamic description of an instance
of the type. The two functions are used to implemgnacc type andsnacc

i nf o (described in Section 6.1.2 on page 56, “Generic Information Retrieval” and
Section 6.1.3 on page 57, “Operations on Contents and Structure”, respectively).

snacc type calls the description classé%IGetDesc(). This virtual function calls
its base classes function via scope resoluthsnTypeDesc:: TclGetDesc()) and adds the
type specific part itself.

AsnTypeDesc:: TclGetDesc() accesses four virtual metacode functigesnodule(), get-
name(), ispdu(), gettype() (seeAsnTypeDesc on page 27). ThdclGetDesc() function

of the derived classes usually calls the base classes function explistiyyge-
Desc::TclGetDesc()) and a function calledclGetDesc2() to append the type specific part.
AsnNamesTypeDesc::TclGetDesc2() for example appends the Tcl list for the named val-
ues of an INTEGER type ana&lsnChoiceTypeDesc:: TclGetDesc2() appends the Tcl list
with the CHOICE type's possible component selections.

snacc i nf o calls a combination oAsnTypeDesc:: TclGetDesc() (again, that is an ex-
plicit call to the description base classes function) gare>TclGetDesc() wherevar is a

data variable (an instance of a data class). The data cldskgetDesc() adds the in-
formation that is specific to its variable object. The data classes for the ASN.1 simple
types do not have their owrtiGetDesc() function: the virtual function call mechanism
calls AsnType::TclGetDesc() that returnsTCL_OK without adding anything to the return
string value. The data classes for the structured ASN.1 types define theirctet

Desc() functions: CHOICE types append their current component's name to the return
string value, SET and SEQUNCE types inform us about the presence or absence of
their OPTIONAL members and SET OF and SEQUNCE OF types put the length of
their list into the return string.

6.3.1.2 Operationson Contentsand Structure

Data classes may have up to three functions that allow data retrieval and manipu-
lation. These functionslclGetVal(), TclSetVal() and TclUnsetVal(), are defined where

the other member functions of their data class are implemented/ c++-11i b/
src/asn-*. C for the runtime library and in ../ conpil er/ back-ends/

c++- gen/ gen- code. c for the backend generated data classes.

They are typical Tcl functions:

e They get arcl_Interp * as first argument. This interpreter reference is used to put
the result string in, and to set the interpreter's or Code variable.
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e The functions return an integer argument, eiff@r_OK or TCL_ERROR to indi-
cate success or failure, respectively.

For the ASN.1 types, the functions' implementation is very straight forward. For ex-
ample,Asnint::TclGetVal() usessprintf() to turn the numeric value into a string value. To

do the reverseAsnint::TclSetVal() calls the metacode functiagetnames() (see “Types

with Names”, Section 4.1.1 on page 32) and compares the value string with the name
strings. If it finds a match, it takes the name's value, otherwise it élletint() to
convert the integer string to the integer value. The functions for the other simple types
are similar. The ASN.1 simple types define TotUnsetVal() function: the base classes
function will be called which will return an error.

For the structured types, the three functions look a little differ@niSetVal()'s argu-
ment usually is a Tcl list. The functions check this list, for SET and SEQUENCE this
list has to contain all non-OPTIONAL components, and recursively call to their com-
ponents' functions. The metacodeggtref() function is used here (see “Types with
Members”, Section 4.1.2 on page 33).

6.3.2 Upper Layer

The upper layer of the Tcl interface comprises two C++ classescTcl andASN1File,
and some glue code. Care has been taken to check the return codes of all system calls
and to set Tcl'er r or Code variable in case any system call returns an error.

The ASN1File class is a container for a pointer to an ASN.1 type's C++ object and for
an optional external file name and its file descripf@N1File objects correspond to the
handle returned bgnacc creat e andsnacc open that were described in “File
Commands”, Section 6.1.1 on page 54.

Thesnacc Tcl command is implemented as a C++ cl&&sccTcl. Thesnacc sub-
commands are implemented as member functions. Some of the functions call the lower
layer Tcl interface functions, some access the metacode’s information directly. Other
functions invoke systems calls and interfere with AIS8I1File class member functions.

The glue code initializes the Tcl interface. Upon startup, Shaccinit() function is

called from Tk'smain() as explained below.Snacclnit()'s first task is to allocate a
SnhaccTcl object. The constructor traverses the metacodes module and type descriptions
arrays and builds Tcl hash tables for easier access. The constructor allocates another
Tcl hash table for thaSN1File objects.

The upper layer of the Tcl interface is implemented.in./c++-1ib/i nc/
tcl-if.hand.../c++1lib/src/tcl-if.C Itgetsinitialized with the help
of.../c++-lib/inc/init.hand.../c++-lib/src/tkApplnit.c.

The upper layer's second task is to introduceshacc Tcl command to the Tcl in-
terpreter. This step is simple when it is executed, but the implementation that forces
the right functions to be called is a little confusing: The generatedrfildul es. C
contains the line

static int (*dummy)(Tcl_Interp *) = Tcl_Applnit;

that forced i basnltcl . a(t kAppl nit. o) tobelinked..../c++-1ib/src/
t KAppl ni t . c in turn contains the lines
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extern int main();
int *tclDummyMainPtr = (int *)main;

that force themain function in the Tk library to be linked.

This main() calls Tcl_ApplInit() andTcl_Applnit() calls Snacc_lInit() that is defined in . . /
c++-lib/src/tcl-if.C. Snacc Init() installs thesnacc command by calling
Tcl_CreateCommandy).

6.4 Setup for the Tcl Code Generator

To compile Snacc with the Tcl interface code generator, you have got to fulfill the fol-
lowing conditions:

¢ The configure script must be able to findl sh and the Tcl, Tk and tree widget
libraries.

e The preprocessor switch®® META andNO_TCLin. ../ pol i cy. h mustnot
be set to non-zero.

6.5 Deficiencies

e Values defined in the ASN.1 files currently are inaccessible. Adding access
functions to the metacode and Tcl interface is rather trivial: build an array of
elements that hold a variable's name as a character string aksi&pe * that
points to the C++ variablai].val->_getdesc() would return a pointer to the vari-
able’s type description.

(First you should fix snacc's value parser as currently it lets some values silently
vanish, for example théctory in edex0. asnl that you can find in Appendix C
on page 85.)

e The Tclinterface does not provide symbolic object identifiers. Mapping numeric
to symbolic OBJECT IDENTIFIERS is a task that is difficult to get right since
snacc translates

anOidVal OBJECT IDENTIFIER ::={ 1 2 foo(3) }
and

anOidVal OBJECT IDENTIFIER ::={123}
foo INTEGER ::=3

into identical C++ code, but translating the secan@idVal into { 1 2 foo } may
in fact violatefoo's semantics.

The leading part of an OBJECT IDENTIFIER arc could be replaced (but is not).



Chapter 7

Snacckd, the Snacc Editor

SnaccEd is a simple graphical editor for BER encoded files. A set of ASN.1 files de-
scribes one or more hierarchical datastructures that can be displayed as an n-ary non-
circular graph, in other words: a tree.
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Figure 7.1: An Example Screen Shot

SnaccEd is combined from

¢ the usual Snacc BER encode and decode functions
¢ the metacode (described in Chapter 4 starting on page 23)
e the Tcl library

¢ the Snacc Tcl interface (described in Chapter 6 starting on page 53)

65
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¢ the Tk widget set
¢ afreeware tree widget (another Tcl extension, implemented in C++)

e a Tcl script that glues all those parts together

All items except for the Tcl script are compiled into an executablestieeccwi sh.

This program is a Tcl interpreter that has the additional commands of the Tk widget
set, of the tree widget and of the Snacc interface built in. For every individual set of
ASN.1 files, a different snaccwish has to be made, because every snaccwish contains
the specialized encode and decode routines for the ASN.1 files' types. The Tcl/Tk
interpreter has the name sh, for “windowing shell”, and consequently, the program

that results from linking Snacc with Tcl/Tk is referred to as snaccwish.

This interpreter reads the Tcl scripts that implement the graphical Snacc editor. The
Tcl scripts get loaded as necessary using Tcl's autoloading mechanism. A tiny Tcl
script is used to start the interpreter and to load an initial editor script. This startup
script will henceforth be referred to amacced.

Both the script and the interpreter may be given other names, for exampleged
andmhegwi sh would be more appropiate names for an editor for MHEG data.

The combination of the interpreter and all the editor's Tcl scripts will be referred to as
“SnhaccEd".

snacced can be called with a varying number of arguments:

e Three arguments are taken to be a module name, a type name and a file name.
The according file is opened. Its contents, expected to be of the given type of the
given module, are BER decoded.

e Two arguments are taken to be a module name and a type name. A file with that
content type is created. It is not associated with an external file name.

¢ If snacced is called without command line arguments, it pops up its file and
content type selection box (see Figure 7.2 on page 67) where the above to actions
can be performed as well.

The snacced script is only the visible entry point, other scripts will be read using
Tcl's autoloading mechanism.

Except forsnacced, the Tcl scripts are (or can be) always the same. They use the
snacc command to learn about the ASN.1 modules, types and PDUs.

Since the BER format has not got any magic number or similar concept, the Snacc rou-
tines in general cannot identify the ASN.1 type contained in a BER encoded string of
octets. As a consequence, one has to choose not only the file name but the ASN.1 type
as well when one opens or creates a file (see Figure 7.2 on page 67 for an example).

One can then examine and manipulate the file's structure and contents.
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Figure 7.2: The File And Content Type Selection Box

7.1 Manipulating the Display

This section describes the point@perations that change the amount of information
to be shown. (To change the file's contents, the node's content window has got be
opened.)

The file is displayed by means of a tree widget. Only a part of the full hierarchy is
shown. The subtree's root is at the left side. The function of the pointer béttamsn
clicking onnode namesiis as follows:

button 1 adds or deletes the node's subnodes to or from the display, respectively. (Ex-
cept for SET OF and SEQUENCE OF types, where with button 2 you have got
to open the node content editor, a list widget, and have to toggle the display of
individual elements by clicking on their index numbers. This is explained at the
end of Section 7.2 on page 71.)

¢ For nodes that have subnodes being shown, the subtree gets hidden.
¢ Otherwise, the node's immediate descendants are added to the display.
button 2 opens or closes the node, where “closed” means that only the node's name is
being shown, and “open” means that an additional window showing the node's

contents it put under the node's name. This content window is explained in the
next section.

IMy pointer device is a mouse, but yours may be a trackball, a tablet, a joystick or something else.
2| will refer to the buttons by their number, not their position. | could refer to button 1 as the right button,
but this might confuse you as your button 1 may in fact be on the left hand side.
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button 3 adds or deletes the node's parent to or from the display, respectively.

e For nodes where the parent is displayed, all parents and all siblings with
their subtrees will get hidden.

e Otherwise, the parent is added to the display.

Pressing and holding button 2 on a free space, the display can be dragged by moving
the pointer.

7.2 The Content Window

The content window, it may be opened beneath a node's name, looks and behaves dif-
ferently for every content type. An example for every ASN.1 simple type is shown in
Figure 7.3 on page 69. The ASN.1 input for the example can be found in Appendix C
on page 85.

e The NULL type has only one value that cannot be changed.
¢ Values of BOOLEAN type are displayed as a toggle button.

e Forthe ENUMERATED type, SnaccEd displays a list of radio buttons listing the
values' names. (The numerical values are not shown.)

¢ INTEGER values are displayed using an entry widget where the numeric value
can be seen and changed. The entry widget's bindings have been changed to
allow the input of minus sign and decimal digits only in addition to the usual
control functions. Values can be given a name (this is similar to the ENUMER-
ATED type), the list is displayed as above.

¢ Individial bits in a BIT STRING may be named. SnaccEd displays a list of but-
tons identifying those bits by their name. Clicking on one of those buttons tog-
gles the bit's value.
The bit string is displayed and can be edited in its binary representation in an
entry widget below the names. The entry widget's bindings have been changed
to allow the input of “0” and “1” only in addition to the usual control functions.

e OCTET STRINGs and derived types are displayed in a text widget. Since Tcl
cannot handle strings containing NUL bytes, NUL bytes are displayed as the
two character combination “\0” and backslashes are duplicated, “\\". Button 3
pops up a small menu that allows you to load or save the octet string from or to
an external file, respectively (see Figure 7.5 on page 70). The X text selection
to copy text between the text widget and e.g. an xterm can be used as well. The
text can be dragged by pressing and holding button 2 on the text or by using the
scrollbar.

e CHOICE types allow exactly one of their subtypes to be valid and therefore are
displayed as a list of radio buttons. Clicking on a button deletes the old choice
and allocates the new one. See thedt” in Figure 7.4 on page 70.
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e The SET and SEQUENCE types' elements are displayed in a list of buttons,
and optional elements may be added and deleted by clicking on their buttons.
Mandatory members do not respond to button clicks and are greyed out. Exam-
ples: the list element #1 right in the middle of Figure 7.1 on page 65 and the
“rgb” in Figure 7.4 on page 70.

e SnaccEd visualizes the types SET OF and SEQUENCE OF in a list widget. The
widget shows the elements' ordinal numbers, the elements themselves are shown
in individual widgets to the right. Button 3 in the list widget pops up a small
menu where you can choose the action to perform when (with button 1) you
click on a list element (see Figure 7.6 on page 70):

— toggle the display of an element

— insert a new element

— append a new element

— delete an element
The cursor shape changes and reminds you of your chosen action. An example
of a list widget is files” shown in figure 7.1 on page 65 and in Figure 7.6 on page

on page 70. The list can be dragged by pressing and holding button 2 on the list
widget or by using the scrollbar.

Some content editors can be resized: move the pointer to the content editor's frame.
Where the cursor shape changes to a “bottom_right_corner”, press button 1 and drag
the frame. The tree layout will adjust after releasing the button.

7.3 Building Your Own Editor

The Snacc user documentation contains a lengthy description on how to build an editor.
This description is fairly long as it tries to catch all eventualities.

In short it boils down to this:
¢ Install Tcl/Tk, the tree widget and Snacc.

e Usesnacc to compilethe asnl files. The-t cl option enables the metacode
and the Tcl interface code.

e Compile the Snacc generated source files.
¢ Link the object code with the appropiate libraries into the snaccwish.

e Generate the helper script that loads the rest of the editor scripts.
As a complete example, here is how to build this chapter's editor:

shacc -tcl EdEx-Structured.Directory -u asn-useful.asnl\
edex0. asnl edexl1. asnl

c++ -DICL -c edex0.C edexl.C nodul es. C

c++ -0 edexwi sh edex0.0 edex1l.0 nodul es.o -lasnltcl\
-ltktree -108 -1tk -ltcl -1X11 -I'm

make- snacced edex ./edexwish .../tcl-lib
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After the editor has been started by executing

./ edex EdEx-Structured Directory ex-dir. ber

it can be made to look like in Figure 7.1 on page 65.

7.4 Implementation

The Tcl scripts that implement the editor can be found.in/t cl -1i b/ and, after
installation, in${ prefi x}/1i b/ snacc/tcl/. The interpreter loads them auto-
matically when it is asked to run an unknown command.

Currently the editor consists of the following script files:

bi ndi ngs. t cl contains the procedures that install the key bindings for the content
editor widgets.

hel p. t cl contains the procedure that pops up a window to display a help text.

sel box. t cl contains the implementation of the file and content type selection box.
uti.tcl forgeneral utility procedures.

t kuti.tcl forutility proceduresin use with Tk.

snacced. t cl contains all other procedures that make up the editor.

The script that is generated bjpke- snacced and that is called to start the editor
contains only three lines:

1. The interpreter name that fits to the ASN.1 descriptions is called to read this
script.

2. The autoloading path is extended so that the interpreter finds the editor's generic
Tcl procedures.

3. The editor's entry procedursnacced, is called.

You are free to change the Tcl script(s), for example to display some data types in a
more appropiate manner. Octet strings may be user readable but often are not, pictures
and audio data come to mind.

If you add procedures ort cl files, you have to rebuild Tcl's autoloading index. This
is best done by adding the files to tA€LFI LES. di st listin.../tcl-1ib/
makef i | e and runningrake.

The first SnaccEd was able to handle only one file at a time. To enable the editor to
handle several files simultaneously required the following steps:
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¢ instead of using the default toplevel widget(dot), open a toplevel widget for
every file. The toplevel widgets get nameki | e0, . fil el, ...The same
name without the leading dot is used as a global array variable to hold mis-
cellaneous pieces of information about the file. You can see how the vari-
able and toplevel widget names are generated in the code example on page 51.:
new_fil e is called with the file handle returned tgnacc create or
snacc open. $fil eref contains the name or the array variable and this
name is given to many procedures in theil er ef parameter.

¢ identify global variables. Those were

— the name of the file handle

— the names of some widgets, namely the toplevel, the menubar, the canvas
and the tree widget.

Other global variables can be left untouched: the help text, the list of PDU types.
This information is the same for all the files a snaccwish can handle.

Since the file and content type selection box, the help window and the dialog boxes are
modal, only one instance is needed and they can have the same names for every file
opened by the editor.

The editor displays only a portion of the ASN.1 file. The Snacc editor keeps the dis-
played portions of the ASN.1 file in two similar data structures.

The contents of an ASN.1 file is accessed by callingghacc command with a
pat h that identifies the requested data portion.

Every ASN.1 file is displayed using one toplevel widget. This toplevel widget is a
frame for a number of subwidgets:

e a menubar
e acanvas

¢ two scrollbars, one vertical, one horizontal, to select the visible part of a canvas
that has grown too large for the frame.

The menubar contains two buttons, one for the usual file related commands, and a help
button.

The canvas is the main arena. Its subwidgets are the tree widget and all the canvas
items that make up the nodes and edges. The tree widget computes the positions of the
canvas items and moves them in place.

7.4.1 Procedures

Changes to the editor's Tcl scripts will probably made more by extending the pro-
cedures, and far less by modifying the data structures. The data structures that are
used throughout the editor scripts are described above, but the procedures are better
described in the code itself. The code is quite easy to read and translating Tcl into En-
glish is probably less of a help than putting comments into the code. When the routines
get changed, the documentation that was put here would no longer match.
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7.4.2 Data Structures

The contents of an ASN.1 file can be seen as a tree—the data structure may be re-
cursive using CHOICE types or OPTIONAL components, and a PDU may contain
instances of a type that contain other instances of the same type (see Figure 7.7 on
page 76 for an example), but as ASN.1 has not got any pointers, cycles are impossible.
To display this tree, it is mirrored in a number of Tcl data structures:

e The snaccpath is the 1:1 representation of the file's concrete structure. This is
what in Chapter 6 is always referred to gmth” argument to mossnacc sub-
commands. The snaccpath is a proper Tcl list.

e The treepath is very similar to the snaccpath. The treepath is used at a lot of
places, for widget and variable names and for canvas item tags, all detailed in
the below bulleted items. The structure of the treepath is the same as the snacc-
path's, but its syntax and a few elements are different:

— The components in a snaccpath are separated by “ " (space), in a treepath
they are separated by “/” (slash). This difference is not strictly necessary,
but it helps to detect errors in argument passing asttecc commands
will never accept any treepath for their path arguments.

— In a snaccpath, the elements of SET OF and SEQUENCE OF types are
identified by their index. In a treepath, another numeric id is used in-
stead. The reason for this becomes clear when we have a look at where
the treepath is used and what would have to be done if the elements' list
indices were used in the treepaths.

When an element of a SET OF or SEQUENCE OF type is deleted, the
shaccpath's indices for the deleted element's successors have to be decre-
mented to point to the same item; when an element is inserted, the indices
need to be incremented. The treepath is used for widget and variable names
and for canvas item tags. As a consequence, the widget and variable names
and the canvas item tags of all elements that follow the one element that
has been deleted or inserted would have to be adjusted and all the names
and tags of their descendants. Even if these names and tags could easily be
changed, it would still be an enormous amount of work and the slow Tcl
interpreter could need some seconds to complete this task. This enormous
labour can be avoided by introducing a table lookup:

Every node of a SET OF or SEQUENCE OF type gets dhi st (identi-

fier list). This idlist is a Tcl list, its length is the same as there are elements
in the ASN.1 data object. Every idlist element corresponds to an element
of the data object. Whenever an element is deleted from the data object,
the corresponding id from the idlist is removed as well; insertions are like-
wise performed in both the data object and the idlist. The idlist contains
numbers, zero for data objects that are not visually displayed on the canvas
and locally unique non-zero numbers otherwise.

When a data object is identified through its treepath, the id is extracted and
the id's position is sought in the idlist. The id's position in the idlist is the
element's index for the snaccpath.

e The node labels and lines for the edges are canvas items, no full fledged widgets.
Canvas items can be given tags for identification purposes; the tags of an item
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are an ordered Tcl list. Canvas items have a locally unigue id, but as different
items can have the same tag, item groups can be identified.

Since all tags form an ordered Tcl list, individual items can be addressed:
[lindex [$canvas gettags $id] $index]

SnaccEd uses this mechanism to translate button clicks into paths: when a can-
vas item is clicked at, the canvas makes this item “current” and

[ $canvas find withtag current]

returns the item's id. The id is then used as described above to retrieve the tag
list and to retrieve the tag with a particular index from this list.

The canvas line items that are used as edges get no tags.

The canvas text items that make up the node labels and the canvas window items
that contain the content editors get three tags. The three tags are ordered from
most general to most specific:

0. For node labels this tag has the forgval i dity-1abel. The
$val i dity is either “valid” or “void”. Active node labels get the tag
“valid-label”, the node labels of absent OPTIONAL components have the
tag “void-label” and is inactive. Using this tag, for active nodes, the
procedurenew f i | e binds the three pointer button events to the call-
back procedurepr une_or _add_chi | dren, t oggl e_edi t or and
set _or_add_root, respectively.

For content editors this tag is simply “edit”, because content editors can
only be opened for valid nodes and therefore the validity would be redun-
dant.

1. This tag is the treepath. It is the same for all canvas items for this node:
the label and possibly the content editor. This is the tag that is given to
the tree widget. The tree widget handles all canvas items with the same
tag as a group: it uses their bounding box to calculate the tree layout and it
keeps the relative distances of the group's items so that their internal layout
persists any change in the tree’s layout.

2. This tag is a combination of the other two tags: it is the treepath, a colon
and either “label” or “edit”. This tag is the most specific and it is used
to address the individual canvas item, for example to check for a content
editor's existence. No two items have the same value of this tag.

e Content editors are not simple canvas items. They are built from one or more

widgets and this widget tree is put into a canvas window item. The widgets have
names of the forn$canvas. edi t $t r eepat h. The leadingbcanvas is

the name of the canvas widget. Widget names starting with that name are de-
scendants of the canvas, here they are children. The tréitingepat h does

not contain any dots and therefore Tk understaeist $t r eepat h as a sin-

gle node in the widget tree.

Most of the content editors modify a global variable, for example the entry wid-
gets for INTEGER types or the radiobuttons for ENUMERATED types. The
variable's name is the simple compositioar : $t r eepat h that guarantees

its uniqueness.

SET and SEQUENCE types need a variable for each of their com-
ponents: the component's name gets tacked to the end which yields
var: $tr eepat h: $nane.
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File Help
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Figure 7.7: Data in a Recursive ASN.1 Type

Named bits of BIT STRING types get similar variables, the bit value is put after
the second colon. The bits' toggle buttons operate on these variables.

7.5 FutureWork

The editor can be improved in a number of ways:

¢ It could be specialized to display certain content types in a more appropiate man-
ner. For example, a text widget sometimes will not be the best way to display
an OCTET STRING, pictures and audio data come to mind. The editor scripts
could be extended

— with an array variable that maps content types to procedure names.
— so thatt oggl e_edi t or checks the array variable, and calls the proce-
dure if the array contains an entry for the current content type.
The additional procedures would have to adhere to some conventions:

— They would have to build their widget tree into a given frame widget.

— They have to write their widget's contents back to the binary C++ repre-
sentation.

— If the file's contents is changed, the filetsdi f i ed flag has to be set.

For example, an OCTET STRING that contains audio data would better be
displayed in a button arrangement that resembles an audio recorder (“play”,
“pause”, “stop”, “record”, etc..). Pressing the “play” button should send the
data to an audio device.

e Upon startup, the generic editor displays the file's root node only. Key or button
bindings could be added that “explode” the display, i.e. so that the full tree with
all nodes gets displayed. This function should only be added for small trees or
for a certain part of larger ones!



7.5. FUTURE WORK 77

e The editor could be made to detect the file's content type automatically. In gen-
eral this is not possible, but in cases where every content type starts with an OB-
JECT IDENTIFIER, this functionality can be added.

e The editor lacks an undo function. It can be implemented using a stack (imple-
mented as a Tcl list) of callback commands. Every function that changes the
file's contents would have to register a reverse operation. The undo function
would simply evaluate successive list elements to implement an unlimited undo
history. When the registering function is called from an undo callback, the his-
tory traversal continues, otherwise it is reset to the stack top.

e The editor does not keep a backup copy of the edited files.
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Appendix A

Coding Tricks For Readability

One of our GLASS project partners needed some additional function arguments and
so they duplicated the function declarator and put a preprocessor switch around it. The
metacode and the Tcl interface added some more additional compilation conditions.
Since the Tcl interface is only useful on top of the metacode, there ar@ six3)
different combinations instead of eigl®®j. Even these six combinations would have
made the code very ugly. Please decide for yourself, here is an example with a func-
tion with only up to four arguments, the C++ backerRilatCxxCode() has up to 17
arguments:

static void

#if A

#if B

#if C

FunctionName PARAMS ((a, b, ¢, d),  // (options A, B and C)
TypeAa _AND_
TypeB b _AND_
TypeC c _AND_
TypeD d)

#else

FunctionName PARAMS ((a, b, ¢), Il (options A and B)
TypeAa _AND_
TypeB b _AND_
TypeC ¢)

#endif

#else

FunctionName PARAMS ((a, b), Il (option A)
TypeAa _AND_
TypeB b)

#endif

#else

#if B

#fC

FunctionName PARAMS ((b, ¢, d), I (options B and C)
TypeB b _AND_
TypeC c _AND_
TypeD d)
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#else

FunctionName PARAMS ((b, c), /I (option B)
TypeB b _AND_
TypeC c)

#endif

#else

FunctionName PARAMS ((b), Il (no option)
TypeB b)

#endif

#endif

Here is the code after introduction of my shorthand:

static void
FunctionName PARAMS ((if_A (a COMMA) b if_C (COMMA c) if_D (COMMA d)),
if_A (TypeAa_AND_)
TypeB b
if_C (_AND_ TypeC c)
if_D (_AND_ TypeD d))

The tricks are very simple. One is tlie.. macro

#if A

#define if_A( code) code
#else

#define if_A( code)

#endif

that lets us get rid of at least four lines of code for every invocation, and the other trick
is theCOMMA macro

#define COMMA ,

that makes the arguments to the.. macros look like a single argument. Without this
trick, two macros would be necessary, one that put a comma before the argument, and
one that puts it thereafter. TIBEOMMA is not my invention, Snacc'AND_ macro is
exactly the same. BottAND_ andCOMMA serve the purpose of being a comma (*,”) as

the final result (well, only for ANSI C, for K&R C, theAND _becomes a semicolon),

but without being an argument separator to the C preprocessor.

ThePROTO macro that was already present in snacc 1.1 gets a single argument as well,
but by means of additional parenthesis, inside which commas can savely be used. It ex-
pands into code with brackets aroundAROTO ((int a, char *b)) becomegint a, char *b).

The first argument to thRARAM macro is bracketed list as well, and for the arguments
purpose, to be a function argument list, this is fine.

Theif ... macros have to expand into code without brackets, for exaihglda
COMMA b) exands inta, b.

To have both an ANSI C and a K&R C version, with&ROTO, PARAMS and support-
ing macros, twelve conditional code compilations would have to be written out instead
of one! And what a tedious job to maintain all twelve versions...
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M akefiles

Some of Snaccisakef i | es look rather sophisticated. This section explains some of
the tricks.

B.1 CVS, Dependenciesand Make'sInclude Statement

The makefiles take advantage of the file inclusion feature. Since this has already
been supported by UNIX System llmake (somewhen around 1980), | consider it

to be pretty portable. If your make is crippled, either use a newer one (e.g. GNU
make), or as a last resort, remove (better: comment out) the include statements and
call make with the additional arguments .../ makehead -f nakefile -f
dependencies -f .../ nmaketail.

Snacc's configuration script generates therfddcehead which gets included by all
makefiles. It contains a lot of definitions used by make.

The dependencies have been moved out of each makefile into a separate file called
dependenci es that is not under cvs control—otherwise, the makefiles would in-
flate the repository unnecessarily. The makefiles have an include statement for their
dependencies file. GNU make automatically makes the dependencies if the file does
not exist, but other versions ofake simply give up. In that case, an initial (empty)

file has to be generated. Snacc's top level makefile does this for you if yauadad!
depend.

A third file that is included by almost every makefile is. / maket ai | . It holds the
rules that are common to all makefiles where C/C++ code is compiled.

B.2 Circular Dependencies

In a normal makefile rule, a file depends upon other files. If any of a file's dependencies
is newer, the file is remade. This goes well as long as the dependency graph is non-
circular, but snacc is compiled from some files it has generated itself. This recursion
can lead to one of two results: in the worse cask e builds the compiler because its

lyes, System Ill, not System V R3
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source files are newer, builds the source files because the compiler is newer, builds the
compiler because some source files are newer, and so on ad infinitum... Even if this
endless recursion does not happen, one or two of the above steps will be made every
timemake is called. To avoid this waste of time, one lets the compiler generate a new
source file, but when the new and the old version are identical, the old file is kept and
nmake sees that the compiler is up-to-date, and the recursion is terminated. Of course,
if the source file's contents did change, it is replaced with the new version.

This is a simplified example of a normal makefile:

shacc: tbl.h
conpi | e snacc

tbl. h: snacc thl.asnl
./'snacc ... tbl.asnl

Most make versions will complain and print a warning about this “infinite loop” or
“circular dependency”. The first approach towards a solution could be:

snacc: tbl.h
conpi | e snacc

tbl. h: snacc thl.asnl
m/ tbl.h tbl.h.prev
.I'snacc ... thl.asnl

if cnp tbl.h.prev tbl.h; then\
echo "tbl.h hasn't changed";\
mv/ tbl.h.prev tbl. h;\

el se\
$(RM tbl.h.prev;\

fi

The effect is that you keep snacc from being remade if the contents of tbl.h did
not change, but the two steps to create tbl.h and to test whether it is different from
tbl.h.prev will be made every time snacc or thl.asnl are newer than tbl.h, which they
most often will be since few of the changes to snacc will affect tbl.h's contents. And
make will still complain about the recursion. To solve all this, another file, a stamp
file is introduced. It separates the file's contents from its modification time:

shacc: tbl.h
conpi | e snacc

stanp-thbl: shacc tbl.asnl
mv/ tbl.h thl.h.prev
./snacc ... thl.asnl

if cmp tbl.h.prev tbl.h; then\
echo "tbl.h hasn't changed”;\
mv/ tbl.h.prev tbl. h;\

el se\
$(RM tbl.h.prev;\
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fi

date > $@
tbl . h: stanp-t bl
@rue

The dummy command in the rule for tbl.h is necessary, since otherwise, despite stamp-
tbl commands having modified tbl.h, many versions of make think that tbl.h has not
been modified.

If you wantt bl . h to be remade (e.g. you have changed an option to snacc), you must
deletest anp- t bl —t bl . h may (and should) be left in place.

The rules in. ../ conpiler/makefile,.../c-lib/makefileand.../
c++-|i b/ makef i | e are further complicated by the fact that

1. snacc prints the current time into the file which the comparison must take into
account

2. if snacc has not been built it cannot be used to generate its source files—a boot-
strapping version of snacc's source files has got to be supplied.

B.3 Compiling Different Libraries from One Set of
Source Files

The different librariesin . ./ c-11i b/ and. ../ c++-1i b/ get made by means of
recursive calls to make with different macro settings. This keeps the makefiles short as
it avoids a lot of duplication of file lists and rules which would be a hassle to maintain.
The different libraries get compiled from the same set of source files, the code to be
compiled is determined througipp (C preprocessor) macro switches.

B.4 Configuration, Optional Code and M akefiles

The .../ confi gure script looks for Tcl/Tk. If they are absent, there is no use
in trying to compile Snacc's Tcl interface. For makefiles to detect whether the Tcl
interface should be compiled or not, there is a file / t cl - p. ¢ that, after being
compiled intat cl - p, exits with O (the shells' “true” value) if Tcl/Tk is present and the
user has not disabled this option by settN@ TCLin.../policy.htol. tcl-p

gets made automatically.
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Appendix C

ASN.1 Filesfor the Editor
Example

The files can be foundin. . / t cl - exanpl e/ .
The first file contains some simple ASN.1 types:

——file: edex0.asnl

—— SnaccEd example, simple types module

EdEx-Simple DEFINITIONS ::=
BEGIN

RainbowColor ::= INTEGER

{
red(0), orange(1), yellow(2), green(3), blue(4), indigo(5), violet(6)

}

DayOfTheWeek ::= ENUMERATED

{
sunday(0), monday(1), tuesday(2), wednesday(3), thursday(4), friday(5), saturday(6)
}

Hand ::= BIT STRING

thumb(0), forefinger(1), middle-finger(2), ring-finger(3), little-finger(4)
}

victory Hand ::= { forefinger, middle-finger }

END
The second file contains some structured ASN.1 types. The example has been put into
two files to demonstrate how one EXPORTS and IMPORTS types PriititebleString

in some types below is one of the so-called “useful types”; they do not have to be
imported.
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——file: edexl.asnl

—— SnaccEd example, structured types module

EdEx-Structured DEFINITIONS ::=
BEGIN

IMPORTS RainbowColor, DayOfTheWeek, Hand FROM EdEx-Simple;

RGBColor ::= SEQUENCE
{

red INTEGER,

green INTEGER,

blue INTEGER

}

Coordinate ::= CHOICE
{
cartesian [0] SEQUENCE { x REAL, y REAL },
polar [1] SEQUENCE { angle REAL, distance REAL }

File ::= SET
{
name [0] PrintableString,
contents [1] OCTET STRING,
checksum [2] INTEGER OPTIONAL,
read-only [3] BOOLEAN DEFAULT FALSE

}
Directory ::= SET

name PrintableString,
files SET OF File

}
Simple ::= SET
{

null [0] NULL,

bool [1] BOOLEAN,

day [2] DayOfTheWeek,

int [3] INTEGER,

color [4] RainbowColor,

real [5] REAL,

bits [6] Hand,

str [7] OCTET STRING,

optstr [8] OCTET STRING OPTIONAL

}

Structured ::= SET
{
coord [0] Coordinate,
color [1] CHOICE { rainbow RainbowColor, rgh RGBColor }

}



Various ::= SET
{
simple [0] Simple,
struct [1] Structured,
recursion [2] Various OPTIONAL

}

END
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