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Introduction and Data Base Concepts

Chapter 1

Introduction and Data Base Concepts

General Information

IMAGE/000 is a set of programs and procedures which you can use to define, create, access and
maintain a data base. The first chapter of this manual is intended for those who use and write data
base programs. The balance of the manual is designed for those who intend to write programs to
access an IMAGE/9000 data base in the following host environments:

e HP 9000 BASIC Language System;
e HP 9000 HP-UX Operating System.

Computes
.y Museum

Note

Throughout this manual IMAGE commands and statements are written
in all capital letters. This is the way you would see them in the BASIC
Language System. In the HP-UX System, they are in all lowercase
letters. The commands and statements are the same in both systems
except where noted.

The purpose of this manual is to:

e introduce the concepts and terms of data base management;
e introduce the basics of data base programming and maintenance;

e discuss advanced topics primarly concerned with data base performance.

Completion of a Hewlett-Packard Data Base programming course is strongly recommended, but
not required. This manual assumes that you are familiar with the following material:

® programming in the desired host language (BASIC, FORTRAN, Pascal or C);
o file [/O programming in the host operating system (BASIC, HP-UX).
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Introduction and Data Base Concepts

Data Base Design

Data base design is an essential step in using a data base management system. A data base should
be designed after you are familiar with the terms and concepts presented in this chapter. A Data
Base Design Kit, consisting of a manual and worksheets, is provided with IMAGE to assist you in the
creation of data bases.

Programming Syntax

This manual is intended to be used in conjunction with a language or library reference manual
supplied with your system. The reference manual contains an alphabetical listing of the data base
intrinsics (statements or library subprograms) applicable to your system and programming lan-
guage. The Reference manual provides full details of the syntax and limitations of each statement.
Once you have read and understood this techniques manual, the reference manual should provide
all the information necessary for program development.

What is a Data Base and Why Use One?

A data base is a collection of logically-related files. The files contain data and information about the
data. Related data items are linked by pointers, and all data items are identified by type and size.

The principle benefit of a data base management system is productivity. When compared to a
program which accesses conventional files, a data base application program can be developed in
less time and requires less on-going maintenance. There are other benefits which are difficult or
impossible to obtain with conventional files. Some examples are:

® Programs can be largely (or completely) independent of the data base structure. Changes to
the data base do not automatically require changes to the applications programs.

e Data storage can be consolidated. Two different applications which require one or more of the
same data items need not have different, dedicated, files with duplicated information. All
applications can use the same data base.

e Data is more secure. A user who has the capability to access an ordinary file can access all of
the data in that file. A data base user can be restricted to a subset of the data in the data base.

e A data base supports a variety of methods of accessing data. Data in a conventional file
normally has a limited number of access methods and sometimes only one (serial). You can
access data sets (the data base equivalent of files) in seven different ways.

e Data entries (the equivalent of records) are associated in a data base. Entries with related data
are linked together. Exhaustive searches are usually not required to locate an item of interest.
Information which is frequently sorted when retrieved can be transparently stored in a pre-
sorted order in a data base.

e Support and maintenance tools are provided with a data base. You can create, back-up and
restore a data base without writing any programs. If QUERY is available, other data base
maintenance and ad-hoc reporting can be performed without programming.
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Data Base Management Steps

There are five basic tasks to be performed before using your data base:

1. Understand Data Base Concepts and Terms

It is essential to understand the fundamental concepts and terms in order to use IMAGE effectively.
The remainder of this chapter is devoted to these ideas.

2. Design the Data Base

Determining how to organize your data is the most important step in using your data base manage-
ment system. The Data Base Design Kit, HP part number 97053-90002, provides procedures
and tools to make the conversion from application needs to a data base solution as straightforward
as possible.

3. Define and Create the Data Base

Once you have designed the data base, it is a simple process to convert your logical design (or
Design Kit worksheets) into a schema, or formal definition of the data base. The SCHEMA utility
program uses the schema text to create the data base ROOT file, which records the internal
structure of the data base. With BASIC QUERY/9000, you can also create the entire data base
interactively using DEFINE. The next chapter discusses the schema and the creation of the data set
files.

4. Access the Data Base

Any time you use your data base you must open it. Then you can add, retrieve, modify, or delete
data. When access is complete, the data base must be closed. This process is discussed in the ‘‘Data

Base Access’ chapter.

5. Maintain the Data Base

Backing up should be a regular part of your data base operations. Restructuring the data base or
performing large-scale erasure may also be needed from time to time. The “Data Base Mainte-
nance’’ chapter discusses these operations.

Advanced Data Base Techniques

The “Advanced Data Base Operations’” chapter discusses issues primarily related to performance,
such as memory allocation, multiple volumes, and access efficiency.
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Data Base Overview

The following block diagram shows the relationship of the IMAGE software modules and the data
base management steps just described.

1
Understand
Concepts,
Define
Application
Y
2
Data Base
Design Kit
3
SCHEMA and
DBCREATE or
4 QUERY/DEFINE *
Data Base Access
DBOPEN (open data base)
DBLOCK (loock data set/base)
DBPUT (add new data) Y

‘ DBFIND (locate data)

1 DBGET (read data) DATA BASE
DBUPDATE (change data) ROOT File
DBDELETE (delete data) - > Data Set 1 > »| QuUERY*
DBINFOQ (read structure) .
DBUNLOCK (release lock(s)) .
DBCLOSE (close data base) Data Setn
Advanced Techniques A
DBCONTROL
DBBUFFER*

5
Maintenance
DBSTATUS
DBEXTEND
DBERASE
DBPURGE
backup
restructure

* These modules are not currently implemented in HP-UX.
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Data Base Terms

Most data base terms are defined as they are introduced in this manual. Many appear in the
Glossary of this manual. Several are not related to any specific topic and need to be introduced
here.

The term IMAGE refers to the software which you add to your system to access a data base. In the
BASIC Language System, IMAGE is an optional BIN file which adds data base statements to the
BASIC language. In HP-UX, IMAGE is a set of commands and a library of system software which
your programs call as subroutines. The names of these IMAGE intrinsics, for example, DBOPEN,
are the same in both operating systems.

In both host environments, the term password has several meanings. In the BASIC Language
System, you can restrict access to volumes and files (such as directories) with volume passwords
and file passwords. In HP-UX your login password determines your file access capabilities. There
are also passwords within an IMAGE data base which restrict access within data sets. When this
manual uses the term password by itself or in the expression DBOPEN password, it refers to the
internal data base passwords. All other uses of password are prefixed with the term volume, file or
login.

In addition to DBOPEN passwords, each data base can have a single maintenance word. This is a
special string required only for certain “‘utility” data base intrinsics.

The Sample Data Base

Throughout this manual, a sample data base application is used. A copy of this data base containing
sample data is supplied with your IMAGE product. It is a simple example and allows you to become
familiar with and perform all the data base steps, from concepts to maintenance, before you create
your own.

The Scenario

The NOP Software Company has eight facilities. Each has a small library of reference books. The
books may be checked out by any employee from any facility and kept as long as needed.
Information concerning books and borrowers used to be maintained on cards like the ones in the
following illustration.

I I I
o . |

TITLE: EMPLOYEE NO: CALL NUMBER:
CALL NUMBER: EMPLOYEE NAME: PLANT:
PUBLISHER: LOCATION: EMPLOYEE NO:
SUBJECT: EMP. PHONE: BORROW DATE:
AUTHOR:

BOOK Info.

BORROWER Info.

CHECK OUT Info.
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The card system is no longer satisfactory. NOP cannot determine easily what books are in or out,
and the system does not lend itself to simple analysis such as: What is the value of the inventory?

NOP would like to record or track the following information:

e card catalog: Book title, author, call number!, publication date, publisher, cost, and subject.
® the entire book list, identifying the owning facility, or current location;

® checkout information: employee name, number, department, and extension;

¢ branch information: Facility name and address, librarian name and extension;

o classification of each book by subject.

Using IMAGE, books can be found by title, author, subject or call number. The call number can be
used to determine whether or not a book is checked out (and to whom) and if there are any other
copies available. Additionally, all books on a particular subject can be found.

General Information
You need to know this information to access the data base:

Data Base Name: LIBRARY

Passwords: LIBRMGR
ENGINEER

Maintenance Word: BOOKS

1 The call number used is not related to any particular library numbering system.
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Getting Started in BASIC

Flexible discs wear out after approximately 250 hours of disc rotation. The flexible discs supplied
with your IMAGE product, the distribution media, should be used only as the backup or archival
copies of your software. You should make a backup copy of your IMAGE software before using it.
There are two ways to accomplish this:

¢ [f you have an internal ‘“‘sealed” or an external disc, you can copy the distribution media to it.
You can copy the QUERY files and the example LIBRARY data base with the BUILD_QUERY
program. BUILD_QUERY requires that the IMAGE option BIN file IMAGE_DBM and the
BASIC option BIN file MS be loaded in your system. You can copy the remaining files with the
BASIC COPY statement. Instructions for the BUILD_QUERY program are in one of the
following sections.

e [f the internal flexible disc is your only mass storage media, you can use the “‘DISC_BACKUP”’
utility supplied with your BASIC Language System software to copy each IMAGE disc to
another flexible disc.

Note
You should copy the IMAGE software files only to a disc having the
Structured Directory Format (SDF). Although you can copy QUERY

and the utility programs to any format disc, you cannot copy the LIB-
RARY data base to a LIF or 9845 format disc.

Preparing for Daily use

Once you have an on-line copy of your IMAGE software, you need to consider how often you will
be running data base programs, and how to most conveniently load the IMAGE_DBM file into the
BASIC Language System.

To execute the QUERY, SCHEMA, DBXPRT, DBIMPORT, BUILD_QUERY programs and your
own data base programs, IMAGE_DBM must be loaded in your system. There are four ways to
accomplish this:

e If you run data base programs infrequently, you can load file IMAGE_DBM each time you
require it. You use the BASIC LOADBIN command, for example:

LOADBIN "IMAGE_DBM:CS80,7"

e [f your data base programs require other option BIN files, you can load the required files
once with individual LOADBIN commands and then store the entire collection in a single
file with a STOREBIN command, for example:

STOREBIN "MY_NAME<Password:/MY_BINS:C580.,7"

When you run your applications, you need LOADBIN only the composite file.

e If you run data base programs frequently, and have an adequate quantity of memory in
your computer, consider storing the frequently required BINs in the system’s “AUTOBN”’
file. That way, the BASIC system automatically loads the required BINs at power-up.

® As an alternative to using the “AUTOBN” file, you can also use the “BUILD_BOOT”
utility program supplied with your BASIC system to configure the required BIN files in the

“BOOT" area of the system disc. The system then powers-up with the required BIN
options already present.
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Installing QUERY and the LIBRARY Data Base
Once you have the IMAGE_DBM and MS BINs loaded, refer to the QUERY/9000 User’s Guide for
instructions for installing QUERY.

Getting Started in HP-UX

The IMAGE product is supplied on a magnetic tape cartridge. You need to transfer the files from the
tape to your HP-UX system. The HP-UX System Administrator Manual (p/n 97089-90045) de-
scribes the programs and procedures necessary to do this.

Use the following steps to do this.

1. Log onto the system as the superuser.
2. Place magnetic tape into the tape drive. Wait for the tape’s busy light to go out.

3. Use optinstall to transfer the files from tape to disc. The IMAGE product number is 97083A
for multi-user IMAGE and 97073A for single-user IMAGE.

4. Use revck on file /system/97083A/revlist (or /system/97073A/revlist) to check that all files
have been transferred.

5. Remove tape from tape drive using the fcio program.
6. Re-boot the system using stopsys -r.

This procedure should be done by the system administrator as it requires that the system be
shut down and stopped.

A demo data base for IMAGE-UX is included in /usr/lib/image/demo. It consists of:

e the sample LIBRARY data base used throughout this manual;
e sample Fortran, Pascal and C source programs;

® a set of useful commands to do simple operations on a data base.

Data Base Concepts

A data base management system lets you represent, relate and store data without worrying about
how it is organized and maintained. You can store information about things and how they are
related, and retrieve it later. If you are familiar with data base management systems (DBMS), you
know that there are three primary ways to organize data: hierarchical, relational, and network.
IMAGE uses a simple network scheme.
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File Management

Data can be stored on a mass storage medium for later use. To use a data base effectively, you
should be familiar with conventional mass storage operations. A data base is fundamentally a highly
structured file system. This section covers various file types and access methods. This material is
presented to help you understand how data is stored in a data base.

Records

Files are composed of records. Each record may contain one or more data values. Each value
occupies a position in the record, and values of the same type usually occupy the same position in
each record. In conventional files, this position is called a field. In a data base all values of the same
type are called items. The following is a sample record from a conventional file:

Record

data 03050969

Hooper, Grace M 40 4321 9132

As you can see, the raw data is of little value unless a good deal more is known about it, for
example:

Data_ employee | employee facility | dept phone .

Identity number name extension

Data Type QOUbIe character integer | int. | integer
integer

Data Size [ 1o 30 > 2 2

in Bytes

With a conventional file it is the responsibility of each application program to ‘“‘know’ this informa-
tion about the record. A record change may require changing all the programs which access the file.
In a data base the program code does not need to reflect the actual location, type, or size of the
item. An item is accessed simply by its name (or number).

Serial Access

The most basic method of storing and retrieving records is serial access. A magnetic tape is an
example of a medium which allows only serial access. Even if you know which record you want,
serial access has several disadvantages:

@ all records between the current position and the desired record must be accessed (and perhaps
read and examined) to obtain the desired data;
® new records can only be added at or after the last existing record;

® backspacing of records may not be available, requiring a “‘rewind” of the entire file to access
records prior to the current record;

® it may not be possible to re-write (update) existing records.

Serial Access
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Random Access

With random access, any specific record (selected at random) can be accessed as quickly as any
other in the file. Your computer’s disc drive is an example of a random access device. Random
access files eliminate most of the disadvantages of serial files. However, unless a structure is
imposed on the file, it may still be necessary to serially search the entire file for a given item value.

Random Access

Keyed (Indexed) Access

Random access allows fast access to any record, but unless the record number is known, a search
may be required. One way to determine the record number is to set up a separate ‘‘look-up” or
index file. This file contains the value of items of interest (called keys), and the corresponding
record number (called a pointer) in the main data file. Finding the key item in this index file can be
relatively fast if it is small enough to be in sorted order, or have a record for every possible key item
value.

PRODUCT | POINTER PRODUCT OTHER
NUMBER | (record#) REC# | nuMBER DESCRIPTION DATA
14 31 STANDARD DESK
45 31
35 48 N
\ 31 45 LARGE DESK
at 14 48 35 CHAIR
25 7 77 25 LAMP

Keyed Access




Multiple-keyed Access

If it is necessary to access more than one item in a file quickly, an index file can be maintained for

each key item.
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PRODUCT POINTER PRODUCT OTHER
P
NUMBER (record#) REC# NUMBER DESCRIPTION DATA DESCRIPTION OINTER
14 31 STANDARD DESK
CHAIR 48
45 3
35 48 \ LAMP 77
\ 31 45 LARGE DESK \
31 14 48 35 CHAIR
\ LARGE DESK 31
25 77 p—— 77 25 LAMP STANDARD DESK 14
Multiple-keyed Access
.
Hashing

Keyed file access is only as fast as the process of locating the key item value of interest in the index
file. Even if the index file is sorted and the technique known as a binary search can be used, it may
be necessary to examine Log, N records, where N = the number of records in the file.

A more efficient method of organizing the index is to compute the record number from the key
value. The same algorithm is used on all accesses to the same file. Because the record number
generated bears no apparent relationship to the key value, the key is said to have been ‘“‘hashed”.
The hashing is not random because the same key value always produces the same record number.

12786A 22

A mathematical algorithm
converts a numeric or an
alphanumeric value into
a record number.

REC # | PRODUCT #

1
127868
15 2117F
L» 22 12786A
30 13306A

3

N —

Hashing
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Collisions

Hashing algorithms are chosen so that they generate an even, nearly uniform, distribution of record
numbers for all key values. However, a different key item value can hash to a record already
occupied; this is called a collision. A colliding key value is called a synonym.

The record to which a key value hashes is known as its primary address. If a key value collides with
an occupied record, it is placed at a secondary location.

When collisions occur in IMAGE, the synonym is placed in the next available record in a chain of
free records. In some other HP IMAGE data bases, a secondary (synonym) record migrates (is
relocated) if the primary record becomes available, or if another new key hashes to the secondary
record. In IMAGE/9000 there are no ‘“‘migrating secondaries’’. See the ‘‘Advanced Data Base
Operations” chapter for a discussion of secondaries and performance.

REC # | PRODUCT #

2 12786B

15 2117F

| occupied | 22 12786A

L o] 23 2177A

If the record number generated
already contains an entry, the

new entry is placed into the next 28 12306A
available record location,

Collision
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Representing and Relating Data

The sample data base of the NOP Library is shown in the following diagram. The diagram shows
how the data is represented and related, and is used in the following pages to explain how IMAGE
represents and relates data.

BORROWER LIBRARY CALL_NUMBER AUTHOR

PLANT_NAME*® CALL_NUMBER" AUTHOR*
PLANT_ADDRESS

EMPLOYEE_NO~
BORROWER_NAME

LOCATION LIBRARIAN SUBJECT TITLE
EMPLOYEE_PHONE PHONE_NUMBER e
INVENTORY BOOK
CALL_NUMBER" ——4 TITLE
PLANT_NAME® >\ AUTHOR"
EMPLOYEE_NO* —>\ SUBJECT*
COPY_NUMBER —»-\ CALL_NUMBER"

PUBLISHED_DATE
PUBLISHER
PRICE

BORROW_DATE

Entity

A data base is used to keep information about things, or entities, and relationships between things.
For example, the sample library data base keeps information about three entities: books, borrowers
and library branches. It also keeps information about the relationship between things: the inventory
is defined in terms of books, their borrowers and the library branch where they are kept.

Attributes

Each entity is described and defined by its various attributes, which are identifying characteristics of
an entity. The attributes of book, borrower and library branch are shown in the following table.

Entity Attribute

Book Title

Author

Call Number
Subject
Publisher
Publication date
Cost

Borrower Name

Employee Number
Location

Phone number

Library branch Plant name
Plant address
Librarian
Phone number
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Attribute Values
Each book in the library is identified by giving values to its attributes. The following example shows
the attribute values for two books.

Attribute Attribute Values

Title Programming Proverbs Thin Films
Author Henry Legard J.M.Poate

Call Number 74122058 77125348
Subject Programming Semiconductors
Publisher Hayden Wiley
Publication date February 17,1975 July 17,1978
Cost 12.95 11.85

Representing Data in a Data Base

A data base management system provides you with a way to represent entities, relationships
between entities, attributes and attribute values. These means are covered in the following sections.
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Data Item

Attributes are represented in IMAGE by data items, which are the smallest accessible data elements.
Data items are given values and can correspond to program variables. Each data base can have up
to 1023 data items, each of which is represented by a unique data item name, and up to four
pseudonym names’

Data Types

IMAGE supports six data types in BASIC and five data types in HP-UX. Each can be a scalar or an
array. Your program can further restrict the range or use of an item if one or more type extensions
are specified for the item.

Refer to the appropriate language appendix for a discussion of which language variable type
designator to declare for the various IMAGE item types.

The following table summarizes the item types, element ranges, and type extensions:

Type Des? Element Range Type Extensions

integer, 12 — 32 768 thru 32 767 NULL, PICTURE,

integer array PSEUDONYM, RANGE

double integer, 14 —2 147 483 648 thru 2 147 483 647 NULL, PICTURE,

double array PSEUDONYM, RANGE

shortreal, R4 | =3.402 823 E+38 NULL, PICTURE,

short array thru PSEUDONYM, RANGE
+1.175494E—-38 and 0

longreal, R8 +1.797 693 134 862 315 E +308 NULL, PICTURE,

long array thru PSEUDONYM, RANGE
+2.225 073 858 507 202 E—-308 and 0

String, Xn | CHR$(0) thru CHR$(255) PICTURE, PSEUDONYM

String array length 1 thru 2 147 483 647; length must
be an even number in HP-UX

CODE, C2 1 thru 32, each number represents a user- | PICTURE, PSEUDONYM

CODE array defined string

CODE type and Type Extensions apply to the BASIC Language system only. They are not
supported in the HP-UX system.

Integer Data, Type 12
An integer item requires two bytes of data storage per data element. Chose the integer type when
four significant digits are adequate to represent the item, and you want to conserve storage space.

Integers are stored in 16-bit two’s complement integer binary form and are useful in representing
search item values.

1 Pseudonym in BASIC only.
2 DEFINE/SCHEMA designator.
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Double Integer Data, Type 14

A double integer item requires four bytes of data storage per data element. Chose the double
integer type when more than four and less than ten significant digits are adequate to represent the
item.

Double integers are stored in 32-bit two’s complement integer binary form and are useful in
representing search item values.

Shortreal Data, Type R4

A shortreal item requires four bytes of data storage per data element. Chose the shortreal type
when seven significant digits are adequate to represent the item’s mantissa but its magnitude cannot
be represented by a double integer.

Shortreals are stored in 32-bit IEEE floating point binary form. This form cannot precisely represent
all rational values within its range. You should be cautious in using shortreals as search items or in
performing arithmetic comparisons of shortreal values. To assure proper hashing and comparisons
of shortreals, use rounding to limit the significant digits stored or compared.

Longreal Data, Type R8

A longreal item requires eight bytes of data storage per data element. Chose the longreal type when
more than seven but less than 16 significant digits are adequate to represent the item’s mantissa, or
when the range of the exponent of the shortreal type is inadequate to represent the magnitude of
the item.

Longreals are stored in 64-bit IEEE floating point binary form. This form cannot precisely represent
all rational values within its range. You should be cautious in using longreals as search items or in
performing arithmetic comparisons of longreal values. To assure proper hashing and comparisons
of longreals, use rounding to limit the significant digits stored or compared.

[tems treated by QUERY as TIMEDATE, DATE, and TIME (according to their PICTURE words)
must be longreal.

String Data, Type X
Strings can be used to store any items which can be represented as a concatenation of 8-bit bytes.
Normally, strings are used to store HP 9000 character data.

Strings require one byte for each position in the string.

Strings can be used to store numeric values in two ways:

1. Each individual byte can represent a value in the range 0 thru 255. In BASIC the CHR$
function can store a numeric value in a string, and the NUM function can retrieve it.

2. The entire string can represent a numeric value with any number of digits. For example, an
integer of 15 digits can be stored in a string. You can use a string numeric as a search item
with much more confidence of an exact match than if a longreal is used. This is at the
expense of some speed in the performance of the compare operation.
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CODE Data, Type C2 (BASIC Only)

CODE is an enumerated data type. When a CODE item is defined, a relationship is established
between CODE values and CODE numbers. A CODE value is one of a maximum of 32 user-
defined 16-character strings. A CODE number is a 16-bit integer in the range 1 thru 32. The CODE
type is provided so that an item can have meaningful string data values without requiring a large
amount of string storage.

The following lines are an example from a SCHEMA ITEM PART. This declaration assigns the code
numbers one through eight to the code values (strings) WHITE through BLACK. When data values
of “WHITE” through “BLACK’ are entered in applications programs, the program can obtain the
code number with DBINFO mode 108. The code number is stored in the data base, not the string.

COLOR,C2 CODE="WHITE" »"RED" »"YELLOW" +"GREEN" "C¥AN"
"BLUE" »"MAGENTA" ,"BLACK"

The CODE type requires two bytes of data storage per element.

To use a CODE value in your program requires that you ‘‘look-up” the code number. IMAGE does
not automatically perform this correlation. DBINFO mode 108 returns the table of code values.

Array Data Types

Each item type can be an entire array of that type. An array can have one to six dimensions, and up
to 2 147 483 647 total elements.

Arrays are stored as a list of elements. Only the actual data elements of the array are stored in the
data base. You can use a program array of any order when storing and retrieving an array from a
data base as long as the program array is at least as large as the data base array in total number of
elements.

Data Storage

The figures given above for data storage requirements apply only to the data. Additional room is
required for pointers linking the data entry to other entries in the data set. See Appendix T for
detailed information about data entry formats.

Type Extensions (BASIC Only)

A type extension consists of information (in the form of tables) stored in the root file for the item
when it is created with DEFINE or SCHEMA.

IMAGE does not automatically test data values against extension information. With the exception of
the NULL type extension, it is the responsibility of the application program to validate each data
item against its type extensions. You can check data values against this information with DBINFO.

NULL Extension

In a form of DBPUT, specific values for items to be added or changed can be omitted. This signifies
that the “null” or default value for each item is to be used. Null values exist for all item types and
can be explicitly specified for all numeric types.

A numeric item’s currently defined NULL value can be obtained via DBINFO mode 106 or 109.
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If the NULL type extension is not specified during DEFINE or SCHEMA, the default null value is
zero for item types 12, 14, R4, R8. For item type X (string) the null value is always an ASCII
space-filled (CHR$(32)) string. For CODE (C2) it is always zero. If you are also using the RANGE
extension, you may want to choose a NULL value which is outside the RANGE.

PSEUDONYM Extension

Each item in a data base has a name which uniquely identifies the item. You can also designate up
to four alias, or pseudonym names by which the item is known. Pseudonyms are recommended
when the principal item name is time-consuming to type or is easily forgotten. For example, in our
sample data base, the item AUTHOR can also be accessed via the pseudonyms NOVELIST,
WRITER, POET and AUTHOR_NAME.

IMAGE automatically correlates the principal item name with the item number used to access the
data base. IMAGE does not correlate pseudonym names. If your program is to support the use of
pseudonyms, it must execute a DBINFO mode 101 request to determine the principal item name or
number. You can also use DBINFO mode 107 to return the entire PSEUDONYM table.

RANGE Extension

Your application may require that the value of a numeric item be within a sub-set of the range
allowed by the data type. That range can be stored in the root file when the data base is defined,
and retrieved by your program via DBINFO mode 109. IMAGE does not automatically range-
check values added to the data base.

If no RANGE is specified, the full range of the data type is stored in the root file.

PICTURE Extension
The PICTURE extension is a 32-bit double integer value stored in the root file. You can use it to
assign an interpretation to a data item type.

Typical interpretations might be:
e names of people are converted by your program to lastname, firstname middlename format
before being stored in the data base;
e the item value is the time of day, in seconds since midnight;
e the item value is a date. When displayed, the month is to be spelled, but abbreviated.

The value of the PICTURE extension has interpretations which are defined in QUERY as sub-types
DATE, NAME, numeric format, TIME and TIMEDATE. These sub-types can be specified in
QUERY/DEFINE.

SCHEMA supports the PICTURE extension only as the specification of a double integer constant.
You can use the constants defined for the QUERY types. They are listed in Appendix Q. IMAGE
ignores the picture word during data base operations.

You can retrieve the value of the PICTURE extension with DBINFO mode 109.
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Data Set

A collection of entities with identical attributes (but not values) is represented in IMAGE by a data
set. A data set can also represent a connection or relationship between two entities. A data set is a
collection of data items that describe the entity or relationship. You can have up to 1023 data items
in a data set.

Here are two examples of data sets. The BOOK data set keeps information about an entity, a book.
The INVENTORY data set keeps information about the relationship between two entities, book and
borrower.

BOOK INVENTORY
TITLE CALL_NUMBER
CALL_NUMBER COPY_NUMBER
AUTHOR PLANT_NAME
SUBJECT EMPLOYEE_NO
PUBLISHED_DATE BORROW_DATE
PUBLISHER

PRICE

Data Entry

An instance of an entity is represented in a data base by a data entry. A data entry, or record, is a
collection of values for the items in a data set; these values describe a particular entity or rela-
tionship. A data entry can be up to 2 147 483 643 bytes in length, but is limited in practice to the
available space on the mass storage media.

A data set is composed of a number of data entries. When you define a data set, you specify the
maximum number of data entries that it can have unless extended with DBEXTEND. The greatest

possible number of data entries is 2 147 483 647, limited in practice by storage media space.

Here are three sample entries from the BOOK data set:

\

COMPUTER ARCHITECTURE
) CHEMICAL PRINCIPLES 71122679
TITLE PROGRAMMING PROVERBS 6911197 FOSTER, CAXTON
CALL _NUMBER 7422058 MASTERSON, WILLIAM COMPUTER ARCHITECTURE
AUTHOR LEDGARD, HENRY CHEMICAL PROCESSING SEPTEMBER 7, 1970
SUBJECT PROGRAMMING MAY 1, 1969 VAN NOSTRAND
PUBLISHED_DATE FEBRUARY 17, 1975 SAUNDERS 12.50
PUBLISHER HAYDEN 19.50 /
PRICE 12.95 /
Key Items

Normally, each data set has one or more data items by which a data entry is identified or retieved.
These items are called key items. Key items are indicated with an asterisk (*) in the diagram of the
sample data base. For example, a particular book can be identifed by its CALL_NUMBER, so this is
a key item. Additionally, since one use of the sample data base is to identify books on a particular
subject, SUBJECT is also a key item.

Key items also tie together related data entries that have the same value for the key item. For
example, all books that have the same author (AUTHOR is a key item) are automatically linked
together.
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A third use for key items is to act as a link for information in different data sets. For example, the
INVENTORY set contains information about which employee has checked out which books. If you
know an employee number and want to find out the titles of the books checked out to that person,
the key item CALL_NUMBER links the BOOK and INVENTORY data sets.

The important points about key items are:

e Key items are stored only in master data sets.

e Fach key item in a master data set has a unique value.

e Key items cannot be array items or strings longer than 256 bytes.
e Key items are located by the calculated access method.

Search Items

“Key item’’ is so named because its entry in a master data set provides the key to related entries in
linked detail data sets. The keyed access method is used to find the first entry in a detail data set
which has the same value as the key item.

Within a detail data set you can locate additional entries with the same key item value by searching
a chain of linked entries. Therefore, within a detail data set key items are referred to as search items,
not key items. For example, EMPLOYEE_NO is a key item in the BORROWER data set and is a
search item in the INVENTORY data set.

The important points about search items are:

e Search items are located only in detail data sets.
o The same search item value can occur more than once in the data set.

o [dentical search item values are linked by a chain. The chain head is the key item in a master
set having the same value.

o Search items cannot be array items or strings longer than 256 bytes.

One unique key item value in a master data set is linked to zero or more identical search item values
in zero or more detail data sets. The items may not have the same name in each set, but they always
have the same structure (type and size).




1-21

Introduction and Data Base Concepts

Data Chain

A data chain is used to link together data entries having search item values which are identical to the
value of the linked key item. This makes it easier to retrieve entries that are alike in some way. The
first entry in a chain is the chain head. IMAGE automatically keeps track of the pointers necessary to

link the entries in a chain.
For example, a data chain links together all the books having the same subject. Another chain links

books with the same author.
\ LEDGARD
PROGRAMMING

\ /[
FOSTER

MATHEMATICS

AN

v WIRTH

PROGRAMMING

FOSTER
PROGRAMMING

LEDGARD
MATHEMATICS

AUTHOR LEDGARD
SUBJECT PROGRAMMING

-

The chain of related data entries is a doubly linked list. Each entry has a forward and a backward
pointer denoting the next and previous entry on the chain. When you add a new entry to a chain, it
is linked to the end of the chain, that is, the chain is sorted in chronological order. The “Sort Items”’

7

section discusses how to sort a chain according to item values.

Other Items

In both manual master and detail data sets you can store items which are neither key items nor
search items. These items frequently constitute the bulk of your stored data. They are the only item

values you can change without deleting the entry. To locate a particular value of a non-key,
non-search, non-sort item, you generally need to perform a serial read.
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SORT Items

For any path, it is possible to designate some data item other than the search item as a sort item. If a
sort item is specified, each of the chains of the path are maintained in ascending sorted order, based
on the value of the sort item. Different paths can have different sort items, and one path’s sort item
can be another path’s search item. Any scalar data item type can be designated as a sort item. Array
items cannot be sort items nor strings longer than 256 bytes. CODE items are sorted on the code
number, not on the code value (identifier); therefore, CODE item values should be specified in the
SCHEMA in the desired sort order.

For example, chains in the BOOK data set composed of entries with the same AUTHOR are
maintained in sorted order by TITLE. When a list of all the books by a single author is required, the
information is automatically retrieved sorted by TITLE. As with any sorting process, for the list to be
meaningful, titles beginning with articles, such as ‘The’ and ‘A’, should be altered; otherwise ‘The
Art of.. is retrieved after ‘Data Base..'.

If the chain has a sort item defined, the new entries are ejther added to the end of, or inserted in, the
chain according to the value of the sort item. For string (X) items, the sort is performed using the
LEXICAL ORDER defined for the data base, not the current LEXICAL ORDER in the program’s
environment. In HP-UX defined data bases, the LEXICAL ORDER is always ASCII. Data bases
created in BASIC with other than ASCII ordering may cause unexpected results in HP-UX Systems.

If the sort item matches the sort item values already in the chain, the entry is added to the chain
after the last matching entry.

Note

The use of sort items should be limited to short chains or data sets which
are infrequently updated. The process of inserting an entry in a chain
usually requires a serial read of (perhaps all) existing entries in the chain.
Although this process is transparent to the program, it can be extremely
time consuming and [/O-intensive for a long chain.

Storing a Data Set

All the entries in a data set are stored together in a separate data set file on the mass storage media.
Each entry is stored in the file in a unique record known as a logical record or media record. A
media record contains both the data entry data and linkage information. Its record number is based
on its position in the file. The records are numbered from one to the actual capacity of the set.

The portion of the media records that contains the linkage information is called the header. Media
records always contain the header information but may not contain a data entry. Records with no

data entry are called empty records.

BASIC distinguishes file types. Data set files are shown as type DSET in a directory listing.
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Data Base

An IMAGE data base consists of one or more data sets, or files, which have some logical rela-

tionship with one another. The following diagram demonstrates the structural organization of an
IMAGE data base.

DATA BASE

-+ Data Sets -

SUBJECT [ AUTHOR | CALL_NUMBER | TITLE | BOOK | BORROWER | LIBRARY | INVENTORY

_—— L\\\\\\“*\~

Data Entries b
1l2fal .|| .| ... [maximum
capacity
- Data ltem Values |
PROGRAMMING | 7422058 LEDGARD, | PROGRAMMING | Feb. 17, 1975 HAYDEN 12.95
PROVERBS (CALL_NUMBER)| HENRY (SUBJECT) (PUBLISHED_DATE) | (PUBLISHER) | (PRICE)
(TITLE) (AUTHOR)

Types of Data Sets

There are two types of data sets defined by IMAGE: master data sets and detail data sets. Detail
data sets often contain the bulk of the information. They generally contain data items that describe
an entity or relationship between entities. A master data set is a collection of key item values and is
generally used as an index for fast access to the information in one or more detail sets. Each master
entry contains information, transparent to your program, about related detail chains, including the
beginning, end and number of entries in the chain.

For example, the BOOK detail data set contains information about a book, such as title and subject.

A related master set, SUBJECT, is used to find all the books on a particular subject.

SUBJECT

BOOK
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Data Path

The connection between a master data set and a detail data set via a key item is known as a data
path. A detail data set can contain up to 31 search items; each search item defines a path to a
matching key item in the master data set. A master data set can have paths to 31 detail data sets.

The diagram below illustrates how master and detail data sets can be linked together by a variety of
paths.

Master data
sets

Data Paths
| 3
Detail data
sets

A data path is the collection of links between a key item in a master and a search item in related
detail set. There is one link for each value of the key item. A data chain is the link for a particular
value of the key item.

The following example illustrates the difference between paths and chains. The path between
SUBJECT and BOOK facilitates retrieval of the first entry in a chain of entries having the same
subject. The chain links those entries together.

Forward Backward Other

Record Head of End of Chain Key item Record Chain Chain Search Item Data
Number Chain Chain Count SUBJECT Number Pointer Pointer SUBJECT ltems

1 2 5 2 | MATHEMATICS | 1

2 ] 2 5 0 MATHEMATICS

3 4 14 3 IND. MANAGEMENT 3

4 8 8 1 PROGRAMMING 4 9 0 IND. MANAGEMENT

5 5 0 2 MATHEMATICS

6 6

7 7

8 8 0 0 PROGRAMMING

9 9 14 4 IND. MANAGEMENT

10 10

14 0 9 IND. MANAGEMENT
path chain 15
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Types of Master Sets

There are two types of master sets: automatic and manual. An automatic master data set contains
one item, the key item. A data entry in an automatic master set is made automatically by IMAGE
whenever you add an entry with a new search item value to a related detail data set. Similarly,
when you delete the last detail entry containing a particular search item value, IMAGE automatical-
ly deletes the entry in the automatic master containing that key item.

You cannot explicitly add or delete entries in an automatic master. You can only indirectly add and
delete entries by operations in related detail sets. Thus, an automatic master must have at least one
path relating it to a detail set.

Automatic masters reduce programming effort when updating related detail sets and provide an
easy way to establish multiple keyed access to detail data. Automatic masters provide no way to
ensure that search items added to detail sets are valid. If you misspell an author’s name, IMAGE
cannot detect the error and creates a new master entry for the misspelled name.

A manual master data set contains one key item and can contain zero or more non-key items. If a
manual master is linked to a detail data set, you cannot add an entry to the detail set if the search
item value for that path does not already match a key item value in the master. You must first
“manually” add the new key item value to the master set. For example, to add a book with a
subject not already in the SUBJECT master, you must first add a new entry to SUBJECT. IMAGE
does not automatically add the master entry for you. Similarly, deleting the last book on a given
subject from detail set BOOK does not delete that subject’s entry in SUBJECT.

A manual master can contain non-key data items. This is useful in reducing duplication of data. The
BORROWER master set contains all of the information about employees and only the EM-
PLOYEE_NO is duplicated in the INVENTORY detail set. INVENTORY is not littered with redun-
dant BORROWER_NAME, LOCATION and EMPLOYEE_PHONE data. A manual master data set
can also stand alone; it need not be linked to any detail data set. This is useful for simple keyed-
access file applications.

Master Set Examples

Books in the BOOK detail set are often accessed by title and by AUTHOR. Since it would be time
consuming to add, the TITLE and AUTHOR are automatic master data sets.

TITLE

AUTHOR

BOOK
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The BORROWER data set is a manual master to allow information about a borrower to be kept
with the EMPLOYEE_NO, rather than being repeated in INVENTORY entries. Because it is a

manual master, it also prevents the loaning of books to non-existent borrowers.

BORROWER

Master Data Set Summary

INVENTORY

The following table summarizes the characteristics of manual and automatic master data sets.

Automatic

Manual

Contains one item, the key item

Updating related detail set updates master auto-
matically

Contains current key values

Use when manual update is unreasonable and data
value checking is unnecessary

Must be linked to at least one detail data set .

Contains the key item and may contain non-key
items

Must be updated manually before detail data sets

Contains all valid key values

Use to check for valid key item and to reduce data
repetition by storing . details with the key

May stand alone
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Diagramming a Data Base

To show the relationship between the various sets in a data base, a data base block diagram is used.
Each type of data set is represented by a different shape. Each data path is represented by a line.
Here are the three data set shapes:

Manual Master Automatic Master Detail Set

‘ Storing Data Entries

A data entry is stored in both automatic and manual master data sets in a record number derived by
the hashing process described earlier in this chapter. The value of the key item is transformed by the
hashing algorithm to generate the record number. This allows entries to be located quickly. An
entry is stored in a detail data set in a serial fashion. The next available free record is used. Once
occupied by the entry, the record is linked to each search item chain.

If there are no sort items defined for the path, the new entry is linked to the end of the chain. If there
is a sort item defined for any search item, the entry is linked into that chain according to the value of
the sort item.
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Accessing Data Entries

Your environment’s file system intrinsics support two traditional methods for retrieving data: serial
and random (or direct) access. IMAGE supports four methods: senal, directed, calculated and

chained. Each method has different purposes and advantages. The four methods are discussed
next.

Serial Access

Serial mode is used with both master and detail data sets. It is the most basic method and is useful
when all entries in a set are to be accessed. When accessing in serial mode, IMAGE starts at the
record adjacent to the current record and sequentially examines each subsequent (SERIAL FOR-
WARD) or previous (SERIAL BACKWARD) record until the next occupied record is found. This
record is made the new the new current record. Serial access may require the reading of numerous
empty records. They are skipped automatically.

Serial Access Example
The following example shows entries in the LIBRARY master data set. You can use serial access to

find all of the librarians. The arrows to the left show the order in which entries are retrieved in
SERIAL FORWARD mode.

Record Key ltem
Number PLANT_NAME LIBRARIAN Other Data
1
<2 BOISE SANDY BARLOW
3
4 CORVALLIS BECKY ASHBY
5
(;
7 DCD ANITA NELSCON
(8 GSD STACY LARSEN
9
G
11 SANDIEGO JOHNBABCOCK

You cannot serially read backward beyond the first occupied entry nor forward beyond the last.
When the set is first opened for access the current record is zero. From a current record of zero you
can serially read forward to the first occupied record or backward to the last. If there is a non-zero

current record, you can “‘rewind’’ the data set to record zero with a directed read or by closing the
data set with DBCLOSE mode 3.

Directed Access

Another method of selecting the master or detail entry is to specify its record number. This is known
as a directed read and is similar to random access. If the specified record is empty, an IMAGE status
error occurs. Directed access is useful when your program has determined, in some manner, which
record to access.
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The following example shows entries in the BOOK detail data set. The record number of the

desired data entry is five.

Record

Number TITLE AUTHOR Other Data
1
2 PROGRAMMING PROVERBS LEDGARD, HENRY
3
4
—5 CHEMICAL PRINCIPLES MASTERSON, WILLIAM
6
7
8 COMPUTER ARCHITECTURE FOSTER, CAXTON
9

Rewinding a Data Set
A directed read to record O has the effect of “‘rewinding”’ the data set, allowing a subsequent serial
read to access the first or last occupied entry.

Chained Access

Chained access is used primarily to retrieve the entries in a detail data set which have the same
value for a given search item and are therefore on the same chain. The related entry in the master
set contains pointers to (the record numbers of) the beginning (head) and end of the chain, as well
as the number of entries in the chain. Chained access can find either the next or previous entry on
the chain.

Chained access can also retrieve master data set entries which are synonyms. This is useful if you
have a large number of synonyms and wish to determine which data values cause them.

Chained Access Example
The following example shows how you can use chained access in the INVENTORY detail data set
to find all of the books the borrower with EMPLOYEE_NO 9122 has checked out:

Forward  Backward

Record Chain Chain Search ltem Other
Number Pointer Pointer EMPLOYEE_NO Items
9122
2359
4105

9122

o

2311

2359
Key Item

5
6
7
8 0 9722
9
10 0 5 2311 |
Head of End of Chain

Chain Chain Count  EMPLOYEE_NO

1 8 ] 3] 9122

AN
w|o|o]|~
plo|-~|ole|e

o

N
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Calculated Access

Calculated access is used to access a master data set entry by specifying the key item value you
want to access. This method utilizes the same hashing process used when the entry was stored.
Calculated access is an efficient method when you know the key item value.

Calculated Access Example

The following example shows retrieval of an entry using calculated access. Calculated access is used
to retieve information from the BORROWER manual master data set about a borrower with
EMPLOYEE_NO = 4105.

Record Key ltem Other
Number EMPLOYEE_NO ltems
1 9122
2
3 2359
4105 }—— Key 4
Transformation L—>5 4105
(Hashing) 6 2311
7
Desired System hashes 8 8106
Key Item key value, producing 9
Value record #5

Data Base Files

Data Base files can only reside in the HP Structured Directory Format (SDF) file system. On
operating systems such as BASIC, which support more than one type of file directory structure, the
media on which the data base is created must have been initialized with an SDF directory.

There are three types of files associated with IMAGE/9000 data bases.

Data Base Directory

When the data base is defined, a sub-directory file of type DIR is created for it. The sub-directory
name is the data base name specified in DEFINE or SCHEMA.

When the root file is purged with DBPURGE, the directory is also purged if it contains no other files.
You may create other types of files in the data base’s directory. If these files are related to the data
base this may be a reasonable thing to do. In this case DBPURGE is not able to purge the directory
after purging the root file.

Data Base Root File

When the data base is defined, a file of type ROOT is created for the data base root file. The file
name is “ROOT". The root file is always created in the same sub-directory created for the data
base, and cannot be relocated to another directory.

The root file contains all the structural information about the data base.

Because the root file name is “ROOT"”, and not the data base name, only one data base root file
can exist in any data base directory. You can have multiple data bases, each in its own directory.
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Data Set Files

When a data set is created, a file of type DSET in BASIC and BDAT in HP-UX is created for it. The
file name is the data set name specified in DEFINE or SCHEMA.

Unless otherwise specified in DEFINE or SCHEMA, a data set file is created in the same sub-
directory as the root file. A data set file can be created in a different directory, or in a different
volume. See “‘Multiple Volume Data Bases’ in the “‘Advanced Data Base Concepts’ chapter.

Note

Although data set files need to be on-line only during access to those
sets, the data base root file must not be moved or removed while the
data base is open.

Passwords and File Names (BASIC Only)

All three types of data base files are created with the password “IMAGE”. Do not confuse this file
password with the set (DBOPEN) passwords specified in DEFINE or SCHEMA.

You do not need to specify this password in data base operations. You may add other passwords to
these files, but you must never change or delete the password “IMAGE”, otherwise IMAGE
intrinsics and utility programs cannot access the data base.

The names of the data base files must also not be changed, or IMAGE errors result. To assure data
base integrity, IMAGE.:

o checks the data base directory name against the data base name stored in the root file.

® expects the root file to have the name ““ROOT” and be of type ROOT.

® checks each data set name against the set name stored in the root file. Each data set must be of
type DSET.

Permission Bits (HP-UX Only)

All three types of data base files have permission bits set to 770. They are owned by the superuser.
Do not confuse the file’s permission bits with the set (dbopen) passwords specified in the schema. it
is recommended that you access and update data base files only through IMAGE-UX library calls.
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Shared Data Base Access

If you are using IMAGE in a multi-programming operating system, it is possible for the data base to
be open to more than one program at the same time.

If the data base is open in shared read/write mode, you are required to lock the data set or the entire
data base during DBUPDATE, DBPUT and DBDELETE. This does not automatically insure that
data integrity is maintained, or that unexpected IMAGE errors cannot occur. Consider these two
examples:

® Another program is just about to update item Y in the data entry you have just retrieved. You
update item X in this entry after the other program’s update. When you write the entry back
into the data base, you restore item Y to its original value. The data is now invalid. This can
happen because you are not required to lock the data set during shared DBGET.

® You store the record number of an entry for rapid retrieval later in your program. While your
program is busy doing something else, a second program deletes that entry, and a third adds it
back in. You perform a directed read to the entry using the saved record number. You get an
“empty entry’”’ status error. If your program even anticipated the possibility of an empty
record, it may still erroneously conclude that the record does not exist. In fact the entry does
exist, but it is now located in a different record number.

Chapter 3 discusses shared data base access, and how to use DBLOCK and DBUNLOCK to
preserve data base integrity.

Data Security

IMAGE can prevent unauthorized access to your data via passwords. You can specify one or more
passwords during DEFINE/SCHEMA. For each data set you should specify which passwords have
write/read, read-only or no access in that set. A program must supply a valid password to open the
data base. For example, in a payroll data base, a mailing list program would typically have
read-only access to the employee name and address data set, and no-access to the salary data set.

You can also restrict access to a data base by storing different data sets on separate media
(volumes). Access to data sets on mounted volumes does not require that non-accessed sets be
mounted.
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Corrupt Data Base

A data base is said to be corrupt when data or structural information is lost. If this happens, it may
not be possible to access the remaining data. A data base is most commonly corrupted by failing to
close it properly . The following actions can corrupt an open data base:

e turning off power to your computer;
e removing the disc medium from the drive;
e purging a ROOT or DSET file by means other than DBPURGE.

Your environment may perform some ‘‘clean up’ actions for you on program termination. For
example, the BASIC Language System closes any data bases open to a program that executes a
STOP statement or is stopped by an operator command. You should not rely on this support
because the system may not be able to perform this service in all cases. Your data base programs
should always perform a DBCLOSE.

Data Base Backup

As with any file management application, making frequent copies, or back-ups, is prudent. Your
environment provides at least one method of copying ROOT and all DSET files to other disc files or
to magnetic tape. If QUERY is available on your system, it provides an additional method of
backing up your data base.

Data bases infrequently changed need to be backed up only as often as they change. Data bases
updated regularly need to be backed up more often. Even with a backup, should your data base
become corrupt, you still need to re-enter all the updates since the last backup. So the general rule
is to decide how much data re-entry is tolerable and then backup as often as necessary to keep the
re-entry below that level.

1-33



1-34

Introduction and Data Base Concepts

BASIC and HP-UX Systems

If the data base is used in both the BASIC Language System and the HP-UX System, you should
create the data base in the BASIC system.

A multi-volume data base used in both systems must be created in BASIC. A multi-volume
(multi-directory) data base created in HP-UX cannot be used in BASIC.

Lexical orders other than ASCII can only be defined in BASIC. If non-ASCII lexical is specified,
changes to the data base in HP-UX could affect sorted chains. Extension characters are NOT
supported in HP-UX. Extension characters in the data base may not be read correctly by HP-UX.
Lexical orders other than ASCII are not part of the Hewlett-Packard corporate standard for IMAGE
on HP-UX systems.

CODES, PSEUDONYMS and other item part extensions can be defined in BASIC but are not
recommended. HP-UX supports these extensions, but they are not part of the Hewlett-Packard
corporate standard the IMAGE on HP-UX systems.

A data base created in BASIC has permission bits set to 001. You should change these bits to 770
for use in HP-UX. You should change the owner to root and the group to other. To use the data
base in BASIC, the permission bits should be changed to 777.

When storing the time and date in the data base, you should not use the time and data functions
available in BASIC and HP-UX because they have different formats. Instead, use an ASCII string
expression. For example, define DATE to be type X20 and store Nov. 1, 1983.
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Chapter 2
Creating the Schema and the Data Base

Computer

IntrOductiOn . Museum

After understan.dmg IMAGE concepts a‘nd DESIGN.DEFINE &
terms presented in Chapter 1, you can design CREATE DATA BASE
and create your data base. Problem Definition DATA BASE

. . . , ROOT File
The design process is covered in the Data Base Data Base Design + | Data Set 1

. . . . . (use Design Kit) e
Design Kit. The creation process is covered in ! :
this chapter. Data Base Definition .
(use fCHEMA or DEFINE) Data Set n

There are three steps in the data base creation Create Data Base
process: (DBCREATE intrinsic)

1. Translate the data base design into a formal description of the data base structure.

2. Use the SCHEMA program or the DEFINE module of the QUERY' program to process the
description and create the ROOT file.

3. Create the data sets with QUERY/DEFINE' or DBCREATE.

The Schema

The formal description of a data base structure is called a schema. The schema is a block of text
which defines all of the external aspects of the data base, such as data base, set and item names,
passwords, relationships and capacities.

The schema is prepared as a file of text. The SCHEMA utility program reads this file as data.
SCHEMA can optionally generate a listing of the schema and information about the data base. If
any errors were made, they appear in the listing. Through the use of options you can have
SCHEMA simply error-check your schema, or actually create the ROOT file.

If QUERY is available in your environment, and has a DEFINE module, you can also use it to create
a data base. DEFINE requires the same data base structure information as SCHEMA, but does not
process the information as a data file. DEFINE displays interactive screens at your workstation. If
you have prepared your data base design as a formal schema, the information can be more easily
entered using these screens. DEFINE is described in the QUERY User’s Guide.

1 QUERY is only available in the BASIC system
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Creating a Schema

You can create the schema text file with the standard text or program editing tools available on your
computer. You can also generate the file programmatically.

The file can be any type of data file supported in your environment. It can contain any number of
lines (records). Each line can have any length, but only the first 160 characters are processed by
SCHEMA. Each line can contain a schema statement, schema instruction, comment, or can be
entirely blank, for example:

schema statementi <<schema comment >

In the BASIC operating system, schemas are normally entered as a ‘“‘program’ of BASIC
comments. Thatis, each line must begin with a line number and the exclamation character. The
text should be stored in the schema file with the SAVE or SAVE ASCII statements, and not the
STORE or COMPILE statements. In BASIC the example above is entered as:

110 1 schema statements <<schema comment:3s

Schema Structure

The overall schema and its individual parts are described in the sections following the ‘“Schema
Language Conventions’” section. Each schema part is defined by one or more syntax drawings of
the part and statements, a table of terms and an example. A listing of the complete schema for the
sample data base appears at the end of this chapter.

Schema Language Conventions

The parts and elements of a schema are generally free-form. You can place parts, statements,
elements and terms on the same line or separate lines, although a single term cannot span a line
boundary. The SCHEMA processor interprets the schema file based on the position of reserved
words and punctuation.

Case

Reserved words are always uppercase (in both BASIC and HP-UX). Variable terms, such as item
names, can contain lowercase letters. Schema does not case-fold lower to uppercase. ltem name
“BOOK?” is not the same as item name ‘‘Book.

Comments

Text within pairs of less-than/greater-than symbols represents a schema comment. When you
specify a comment, you must include the << and >> symbols. You can place a comment before,
after or within another schema statement, but not within a term of a statement nor within another
comment. Comments may take more than one line. The << and matching >> symbols must be
within columns 1 through 160.

Readability

You can use leading, embedded and trailing blanks to indent schema statements. The blanks are
ignored. You can use entirely blank or zero-length lines to separate schema parts. SCHEMA
ignores blank and empty lines. Blanks cannot appear within terms.
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Syntax Drawings

Schema part and statement syntax is represented pictorially. All characters enclosed by an oval
depict a reserved word and must be entered exactly as shown. Phrases and words enclosed by a
box represent elements or terms of a schema statement. A description of each element or term is
given in a subsequent drawing, the table or in the Glossary.

Lines between elements can be followed in only one direction, as indicated by the arrows at the end
of the line. Any legal path through the diagram represents a syntactically correct schema, part or
statement. An element is optional if there is a legal path around it. Optional items usually have a
default value when you omit the element. Consult the table following the syntax diagram.

Tables
The table of syntax elements define each element in terms of its syntax. The semantic description of
each element (what it means or does) is in the Semantics section following the item tables.

Restrictions

The schema text file can contain a maximum of 32 767 lines. The number of component parts
(items, sets, or passwords) is limited. In general you are limited by the available storage on your disc
media. The following sections on schema syntax note some of the more restrictive limitations. For a
complete summary of data base bounds, see Appendix I, “IMAGE Data Base Compatibility’’.

Reserved Words
You cannot use the following reserved words as a data base, data set or data item name or
pseudonym.,

BASE, BEGIN, CAPACITY, CODE, DATA, DIMENSION, DIRECTORIES, END, ENTRY, ITEMS,
LEXICAL, NAME, NULL, ORDER, PASSWORDS, PICTURE, PSEUDONYM, RANGE, SETS

You cannot use the following reserved words as data set names.

FORMS, ROOT, SEARCH, SORT, THREAD
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Schema Syntax

A schema has five main parts: The data base part, directories part, password part, item panrt,
and set part. Each part consists of one or more statements in schema language. Additional
statements are used to express SCHEMA instructions and to designate the end of the schema.

The overall schema structure is:

data base assword
oart :jp art H ttem pafiH:t pnrtJ‘@b‘
directory
art

Example
A complete listing of the sample “LIBRARY’’ data base schema appears at the end of this chapter.

Semantics

The diagram shows only those parts of the schema that are required. There is also a class of schema
instructions which control the actions of the SCHEMA program. These instructions can appear on a
separate line anywhere before the END. statement except within a statement or comment. They are
discussed in this chapter after ““Set Part”.

Any text or data in the schema file after the END. statement is ignored by the SCHEMA processor.
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Data Base Part

The data base part defines the name of the data base and optionally the lexical order.

(BEGIN DATA B@—»L‘““ base |
name [

O

Conen )~

Element

Description/Default

Range Restrictions

data base name

string constant

IMAGE name

lexical order string constant; ASCII, FRENCH, GERMAN,
default = ASCII SPANISH, SWEDISH
In HP-UX: ASCII only
Example

BEGIN DATA BASE LIBRARY
LEXICAL ORDER ASCII;

Semantics

“<lLibrary data base>x>

4Explicit defaults:

To allow access to this data base in both the HP 9000 BASIC Language System and HP-UX
operating system environments, restrict the data base name to an IMAGE name of 14 characters.

The lexical order specifies how a DBPUT operation determines where to insert a sorted data entry
in a chain when the sort item is a string item. The DBPUT intrinsic always uses the lexical order
defined during data base creation and ignores the current lexical order in your environment.

2-5
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Directory Part

i The directory part is optional. It is only required if one or more data sets of the data base are not
located on the same volume (physical media) as the root file.

D M RO EER OO
name

Element Description/Default Range Restrictions
directory name string constant BASIC volume label
path string constant null string’ or path specifier (see path

in the Glossary); In HP-UX, less than
160 characters

Example

DIRECTORIES: LIBRARY_1 "First/Second/Third"s L4HP-UX or BASIC:»:
DIR_NAME "/Lod_records/Data_.sets" TOHP-UX or BASIC» >
My.uJoL "* “oNo Path BASIC::

Semantics

This part specifies [/O paths for data sets which are not in the same medium as the ROOT file. Data
sets must reside either in the same directory as the ROOT file (no directory name name required) or
on a separate medium (both Directory Part and Set Part directory name required).

In the BASIC Language System, the directory part identifies volume labels and subdirectory paths.
IMAGE locates the physical media by comparing the specified directory name to the actual
mounted volume labels of all volumes identified by the most recent VOLUME DEVICES ARE
statement. The path identifies a subdirectory, if any, within that directory in which one or more data
sets may reside.

In the HP-UX operating system, the directory name identifies a particular path. The path identifies
either the file path from the HP-UX root directory (has a leading ““/’). The BASIC SCHEMA
processor ignores a leading /.

The directory names specified in this part are associated with particular data sets in the Set Part. The
directory part does not identify the location of the data base ROOT file. You specify the location of
the ROOT file when you run the SCHEMA processor and subsequently when you open the data
base with DBOPEN or a utility intrinsic.

1 BASIC only
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Password Part

This part defines levels of read and write access. Each password is assigned a user class. When you
define each data set, you specify which user classes have read/write, read-only or no-access
capability within the set. If you define no passwords, any password opens the data base and has
read/write access in all sets.

PASSKWORDS: ( w‘:

Element Description/Default Range Restrictions
user class integer constant 1 thru 13
password string constant IMAGE name
Example
PASSWORDS: 1 Global_xvzzvi S4R/W in all setsi:
2 DBA_Freds “<Data base administrator::
3 THX11383 “4<Clerk: RALPH T. X
7 QUERY 3§ “%The users?

Semantics
If you define any passwords, you must define one with user class 1. You must give this password
read/write access to all data sets or SCHEMA generates an error. This password and class are called

the ‘“‘global”’ password and class. If you define no passwords, you must still specify the “‘PASS-
WORD:” term.

You can specify a maximum of 13 passwords.

The capability of the user class number is determined during the set part. You specify which user
class numbers have what capability. The capability of the user class has nothing to do with the value
of the number, except for the global class. Class two is not necessarily more or less capable than
class five. It's up to you to define the capabilities.

2-7
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Item Part

This part defines the name, type, size and any extensions of the data base items. It does not define
in which data sets the items reside. That is done in the set part.
> 3 )—l

; A item
(ITEHSJ definition

E item

E extensions

item definition:

‘ritom type H ftem lengtﬂ—>

subitem count

item extensions:

PICTURE e bicture word

BASIC only

l

pseudonym name [

PSEUDONYM

upper bound

BASIC or HP-UX
o
—
x
m
z
w
—
o
z
—_
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Element

Description/Default

Range Restrictions

item definition
itemn extensions
item name
sub-item count
item type

item length

code value!

null value'

picture word!

pseudonym
name'

lower limit
upper limit’

lower bound

(see diagram)
(see diagram)
string constant
integer constant
string constant

integer constant {bytes);
default (X only) = 1

string constant, 1 thru 16 characters long

integer constant;
default = 0

integer constant

string constant

numeric constant
numeric constant

integer constant;

IMAGE name
range of double integer > 0
C,ILRorX
item length
type restrictions
C 2
[ 2or4
R 4or8
X |range of DOUBLE>O0;
must be even in HP-UX

maximum of 32 CODE values per
CODE item

range of item type

range of double integer
IMAGE name

range of item type
range of item type = lower limit

range of double integer

default = 1
upper bound integer constant; range of double integer = lower
bound
BASIC Example
ITEMS: EMPLOYEE_NO: IZ2 {<“Emplovee numberk:

RANGE=(0..,9999)
PLANT_ADDRESS »

DIMENSION=(1:3)

PSEUDONYM=ADDRESS »

COLORS» C2

A30

PLANT_SITE

CODE="WHITE" +"RED" »"YELLOW" »

READINGS

TIME_STAMP

"GREEN" »"CYAN" »"BLUE"
"MAGENTA" +"BLLACK" }
1000012

“+“Positive
v<Facility address>x
“4Three lines:
{¥Aliass>

non~zero

names st

<<Eight princiral colors>>

<<{A data array:>

DIMENSION=(10+104,10:+10) “{Four dimensional >
NULL=-32768% “¥0ut-of-rande value>:
R8 J<Another data arrav>>
DIMENSION=(10,10,10,10) <+“Mar onto READINGS::
PICTURE=-53G6870812% LQUERY "DATE" format>r:

1 BASIC only

values only»:

citviz

b
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HP-UX Example

ITEMS: EMPLOYEE_NO » 123 “iEmplovee number:
PLANT _ADDRESS s K30 “iFacility addressix
DIMENSION=(1:3)1 “+«Three linesy names sty city
READINGS 10012 <A data arrav>r’

DIMENSION=(10,10,10,10)3 DIMENMSION overrides the subitem counti>
TIME_STAMP RB3 “4Another data arravr®

Semantics
You can specify up to 1023 items. Item names cannot contain a comma or semicolon.

The sub-item count specifies that the item is an array. The count specifies the number of elements.
An array item cannot also be a key, search or sort item. If you do not also specify a DIMENSION
extension, the array is assumed to be one-dimensional with a lower bound of one. For an array,
you can specify either a sub-item count, or a DIMENSION extension or both.

You can use the DIMENSION extension to specify an array item of one to six dimensions. For each
dimension you can specify both lower and upper bounds. If you also specify a sub-item count, the
total number of elements in the DIMENSION expression must agree with the sub-item count in
BASIC. In HP-UX the DIMENSION expression is used if you also specify a sub-item count.

You can specify as a code value' any 16-character string composed of HP 9000 characters. To
specify a quote character in a code value, specify two quotes for each quote in the code value.
Code values having less than 16 characters are treated as having trailing blanks. You can specify a
CODE extension only for CODE extension only for CODE items (C2).

You can specify a null value' only for the numeric data types 12, 14, R4 and R8. The null value is
used duning DBPUT operations in which you omit a value for a data item. If you do not specify a
null value in the SCHEMA, IMAGE uses a default value of zero. If you do not have any particular
null value already chosen and you are specifying a range, chose a value outside the range.

The default picture word! of zero is interpreted by QUERY as an unspecified user-defined PIC-
TURE. See Appendix Q for a description of QUERY data types and their associated picture words.

You can specify one to four pseudonym names' for each item name. Leading blanks are ignored.
Names less than 16 characters long are treated as having trailing blanks. Pseudonym names cannot
contain a comma or semicolon.

You can specify a range' only for the numeric types 12, 14, R4 and R8. If you do not specify a range,
the SCHEMA processor stores the minimum and maximum possible values for the data type in the
root file. For CODE items, SCHEMA always stores a range of 1..maxcode, where maxcode is the
number of CODE values you specified.

The SCHEMA processor assigns an item number in the range one through 1023 to each item. The
numbers are assigned in the order in which you specify the items in the item part.

String items longer than 256 bytes and array items cannot be key, search or sort items.

1 BASIC only
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Set Part

This part defines the name, type, security, data entry structure and capacity of each data set. The
data entry structure consists of the item names, paths and sort items, if any.

( .) { name capacity
SETS: statement statement

master
entry section

detail
entry section

name statement:

( HHé:}’Lﬁ data
set name

(D

®
name

access list:

class number

read
class number

master entry section:

-DG:NTRYH key
item name
path count
ltem name

detail entry section:

G

L

item name
master
set name
sort
ltem name

capacity statement:

@j

-P@HPF)CITY:H entry count }—P@—»
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Element Description/Default

Range restrictions

name statement | (see diagram)

master entry {see diagram)

section

detail entry
section

{see diagram)

capacity {see diagram)

statement
data set name string constant

data set type string constant

access list (see diagram)

volume label string constant; default = root file’s volume

read integer constant
class number
write

class number

integer constant

item name string constant
path count integer constant; default = 0
master set string constant

sort item name string constant

IMAGE name

A, AUTOMATIC, M, MANUAL, D,
DETAIL

(see DIRECTORY part)
0 thru 13

0 thru 13

IMAGE name

1 thru 31

IMAGE name name
IMAGE name

entry count integer constant range of double
integer > 0
Examples
SETS:
NAME : Set_name+ AUTOMATIC (1/1)3 set names can be l.c, x>
ENTRY = Kev_item{1)]3 as can ltem names>x

CAPACITY: B9

NAME :
ENTRY :

LIBRARY s+ M(2/1)3
PLANT_NAME (1) +
PLANT_ADDRESS +
LIBRARIAN

PHONE _NUMBER }
CAPACITY: 133

detail
detail
detail

a Prime

a Prime

numberss

from the sample data baselr>
Key item:

1 Pathx:

item (arrav) s>
itemi:
items:

numbe

NAME : TYPICAL_DETAIL «D(5,3/14+447)3<<has Z2-searchsy 3 detail items: >
ENTRY & Key_item(Set_name(Sorter)) ., search item» is sorte
Another_Kev (Master_3), non-sorted search item>:
Detail_item: ‘detail items >
Sorter:
MISC
CAPACITY: 100000053 S<<meed not be Primer>
NAME : REMOVED sy D(7/71) »MY_NOL3 “+a removable data setli:
ENTRY z Secrets(Xref)i

CAPACITY: 328003
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Semantics

You can define one through 63 data sets. Each data set can contain any of the maximum of 1023
data items. When the SCHEMA program processes the schema, it assigns a set number in the range
one thru 63 to each set. The first set defined is set one.

You must define master sets first, and then detail sets. If you have a schema diagram, you should
define each group in the left-to-right order in which they are diagrammed.

If the set is an AUTOMATIC master, use the master entry syntax. The ENTRY section must
contain only one item, the key item. This item must have a path count of at least one.

If the set is a MANUAL master, use the master entry syntax. The ENTRY section must contain one
key item and zero or more non-key items. If the set is a ‘‘stand alone” master omit the path count
for the key item. If the set is linked to any detail sets, the path count must be non-zero.

The path count specifes the number of detail data sets in which the key item is a search item.

If the set is a DETAIL data set, use the detail entry syntax. The ENTRY section can contain both
search and detail items. Each search item must specify the name of the master data set in which an
item of the same type is the key item. The first search item specified defines the primary (default)
path. Do not specify a master set name for a non-search item.

You can enable sorting of a search item’s chain by also specifying the name of another item in that
entry as the sort item. Entries added to that chain are sorted in ascending order according to the
value of the sort item. A sort item can be any other item in the entry except a string item over 256
bytes long or an array item. You can specify sorting only for search items, as only search items are
chained.

The access list denotes which user classes (zero and those defined in the password part) have
read/write, read-only or no-access to the data set. For class numbers to the right of the *‘/”’, the
associated passwords have both read and write access to the data set. For class numbers to the left
of the **/’, the associated passwords have only read access to the set. If you omit a class number,
the associated password has no access to the data set. If you omit the access list or specify zero, any
IMAGE name has read/write access to the set.

If you specify an access list, you must specify user class one in the write access list.

If the set is not on the same medium as the ROOT file, you must specify the directory name of a
path identified in the DIRECTORY part. If the data set resides in the same directory as the ROOT
file, you can omit the directory name.

In the ENTRY section, standard practice is to define first the item representing the desired primary
path. Then specify the search items in the same order as their master sets, followed by the detail
items. The order in which you specify the items in the ENTRY section defines the order of the item
fields and offsets in the entry.
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For a master data set, the entry count specified in the CAPACITY statement should be a prime
number. If you do not chose a prime number, do not use an even number. If you do not intend to
extend the capacity of the master set with DBEXTEND, the entry count should be at least 25%
greater than the expected number of master entries. If the set might be extended, the entry count
can merely equal or exceed the expected number of entries. There is a table of prime numbers and
a listing of a prime-finder program in Appendix T.

For a detail data set, the entry count should equal or exceed the expected number of detail entries.
If the number of entries is expected to grow slowly over a long period, you can conserve disc space
by specifying a low initial capacity and increasing the size as required with DBEXTEND. See
the “‘Data Base Maintenance” chapter for more information.
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Schema Instructions

The three Schema Instructions, $§CONTROL, $PAGE and $TITLE specify processing and page
formatting options during processing of the schema. You can enter them during creation of the
schema. A schema instruction must appear on a separate line and cannot contain a schema
comment. The instructions must be separated from their terms by at least one space.

O-
(O} L
G ~O-L ]

LIST

(rooT }——
ROOT

i

SET

:

1

($F’AGE,L
@ O

O~

Element Description/Default Range restrictions

maximum errors | integer constant; 0 thru 999
default is ERRORS =100

lines per page integer constant; 20 thru 999
default is LINES =62 in BASIC;
53 in HP-UX

page title string constant, 0 thru 60 characters long in —
BASIC; 0 thru 80 characters in HP-UX

Examples
$CONTROL LIST..ROO0T,»TABLE
$CONTROL ERRORS=10, LINES=63, TABLE: NORDOT
$PAGE "NOP Comepanvy Library Data Base"
$TITLE "Schema for ""Data Log"" DB"
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Semantics

The $CONTROL instruction affects whether or not your data base ROOT file is actually created
and how information from the SCHEMA processor is presented. Some of the terms in the
$CONTROL instruction are mutually exclusive, for example, if you specify both ROOT and
NOROQOT, the last specified term prevails.

The defaults for the $CONTROL terms are:

$CONTROL ERRORS=100, LINES=G62, LIST, ROOT TABLE <<BASIC::
$CONTROL ERRORS=100, LINES=53: LIST, ROOT,» TABLE, SET «<HPUX::

The ERRORS expression specifies whether or not SCHEMA is to continue processing after one
or more errors. If you do not specify an ERRORS expression, the default is ERRORS =100.
That is, SCHEMA ceases processing on detection of the 101th error.

For a very long schema you may want to use a smaller number to conserve paper. If you are
listing the schema output to a CRT display, you may want to specify ERRORS =0 in order to
have the process stop with the defective line still visible on the display.

When an error occurs, SCHEMA outputs the defective line and a line identifying the error. If the
maximum number of errors have occurred, SCHEMA outputs the message:

#%% TOO MANY ERRORS., PROCESSOR TERMINATED.
The LINES expression specifies the number of lines on the page of output. At the end of each

page, SCHEMA outputs a form-feed (ASCII FF, code 12) character. If your printer does not
support FF, you should specify the actual page length.

When you first run SCHEMA, you enter a destination for its printed output. If you also specify
LIST, SCHEMA prints each line of the schema file and any error messages on this device. If you
specify NOLIST, SCHEMA prints only defective lines and error messages.

SCHEMA can process a schema file and check it for errors with or without actually creating the
data base root file. If you specify ROOT, and there are no errors, SCHEMA creates the ROOT
file and prints the following message:

ROOT FILE GENERATED.

If there are errors, SCHEMA does not create the ROOT file. If you specify NOROOT, SCHE-
MA does not create the ROOT file. NOROOT or an error also causes an implied NOTABLE.

If you specify SET, SCHEMA creates the set files after the ROOT file is created.

SCHEMA can also print useful information about the data sets in the form of a TABLE or
ROOT FILE SUMMARY. You enable the output of this information with the TABLE term and
disable it with the NOTABLE term. This consists of a block of information about each set in the

form:
- SET NAME: AUTHOR SET TYPE A
FLD CNT = 1 ENTRY LENGTH : 37 bytes
PATH CNT: 1 MED REC LGTH : 49 bvtes
CAPACITY: 89 PHYS. RECORD(S): 18

LOCATION: Dir/Path: LABEL Yol.name
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FLD CNT is the number of items (entry fields). For a master set, PATH CNT is the number
paths to linked detail sets. For a detail set, PATH CNT is the number of paths from linked
masters. LOCATION is the path specifier to the set within the volume denoted by LABEL. The
SET TYPE is abrevaited A, M or D. The ENTRY LENGTH is the sum of the lengths of the data
items. The MED REC LGTH (media record length) is the sum of the entry length and all the
path and chain information.

The final information output by TABLE is the message:

DATA ITEM COUNT: 17 DATA SET COUNT: 8
NUMBER OF ERRORS(5): O

You can specify a heading for SCHEMA to output at the top of each page with either the
$PAGE or $TITLE instructions. The difference between them is that $TITLE merely defines the
heading whereas $PAGE both defines the heading and outputs a form-feed immediately.

You can change the heading to a blank line by specifying a blank line or null string in $PAGE or
$TITLE. You can cancel the heading altogether by omitting the page title term in these instruc-
tions. In BASIC page titles longer than 60 characters are truncated to 60. In HP-UX page titles
longer than 80 characters cause an error.
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The BASIC SCHEMA Process

When you have entered your schema and saved it in a text file, you are ready to have the
SCHEMA program process it and create the ROOT file. This involves three steps.

1. Load the SCHEMA program.
2. Run the SCHEMA program.

3. Supply the SCHEMA program with information about the schema file, the root file and the
printer.

For the BASIC Language System, the SCHEMA program is supplied in source form in a file named
“SCHEMA™. SCHEMA requires that the following BIN (binary program) option files be loaded in
your system:

“IMAGE_DBM” Data Base Management.
“MS” Mass Storage.

If these options are not loaded, you must load them with the BASIC LOADBIN command before
performing the remaining steps.

Step 1

The SCHEMA program is supplied in a file of type PROG. After assuring that no valuable program
is loaded in your computer, or after creating a partition for SCHEMA, load the SCHEMA program
with the BASIC LOAD statement. As an example, if you have stored all of the IMAGE software in a
directory (DIR) named “QUERY"’ on your internal winchester disc, you would use the following

command;:
LOAD "QUERY/SCHEMA:CSBO 7" EXECUTE
Step 2

Once SCHEMA is loaded, simply press ( RUN ). Or, if you prefer, you can substitute the following
command for the previous LOAD command:

LOAD "QUERY/SCHEMA:CS80 7" 1 [ EXECUTE

This command loads the program and runs it from line 1.

Step 3
Once running, SCHEMA initially interacts with you via the CRT display. It requests that you enter
four responses.

1. Enter the file specifier of the schema text file. If this file is not in the current MASS STORAGE
IS directory, enter the path and media specifier information as part of the file specifier.

2. Enter the media specifier of the ROOT file. Do not include the ROOT file name or any path
information.

3. Enter the path specifier of the ROOT file. Do not include the ROOT file name or media
specifier.

4. Enter the (numeric) device selector of the printer to which SCHEMA is to send its output. Do
not use any device selector functions such as PRT or CRT. SCHEMA'’s prompt advises you
of their numeric equivalents in any case.

SCHEMA uses the EDIT..$ statement and displays default responses. Because SCHEMA is sup-
plied in source form you may want to change the default responses to streamline multiple execu-
tions of SCHEMA.
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Creating the ROOT File

If you did not specify NOROOT and no errors occur, SCHEMA creates the ROOT file directory and
ROQOT file after processing the schema text. Note that errors in schema instructions do not prevent
creation of the ROOT file. Once the ROOT file is created, you can create the data sets with the
DBCREATE statement.

If another file of the same name, such as an older version of the data base directory, already exists
in the same directory needed for the data base, SCHEMA outputs an error message and terminates
without creating the ROOT file directory. You must rename such a file or purge the old data base
before running SCHEMA.

Programming Hint
For best results specify $CONTROL.NOROOT until the schema has
been processed at least once without error.

SCHEMA Errors

See Appendix E, “Errors”, for a summary of SCHEMA processor errors.

BASIC Example
Here is the output from the BASIC SCHEMA processor using the schema of the sample data base:

Date: Z9 Ser 1982
Schema text file: DATABASE/LIBRARY_SCHEMA
Location of root file: DATABASE:CS80:7

1 $CONTROL LISTROOT»TABLE

2

3 $TITLE "NOP Company Librarvy Data Base"
4

S BEGIN DATA BASE LIBRARY 3 <<sample data baser»
5]

7 PASSWORDS:

8 1 LIBRMGR j

9 2 ENGINEER 3§

10

11 ITEMS:

12 AUTHOR »

13 K2S

14 PICTURE=-536870912 <<Name format>»:x
15 PSEUDONYM=NOVELIST yWRITER ;POET yAUTHOR_NAME i}
16 BORROW_DATE »

17 RS

18 PICTURE=-536870912 <<Date formatx>
19 RANGE=(208657814400,.,21181348800
20 <41 JAN 1900 .. 1 JAN 2000
21 NULL=148699584000 <<1 JAN 03>
22 PSEUDDONYM=DATE _BORROWED i
23 BORROWER_NAME
24 K25

25 PICTURE=-336870912 <<Name format>r>
2 PSEUDONYM=BORROWER 3

27 CALL_NUMBER »

28 14

29 PICTURE=-276G824064 <<M9D format::
30 RANGE=(0,,999999999) 3

31 COPY_NUMBER »

2 IZ2

33 PICTURE=-269484032 <<MZD format::

2-19
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34 RANGE= (0. .20)

35 PSEUDONYM=COPY COPY_NO +NUMBER_OF _COPY j
36 EMPLOYEE_NO »

37 14

38 PICTURE=-276824064 <<M9D format::

39 RANGE=(0,.,999999999)

40 PSEUDONYM=EMPLOYEE 3}

a1 EMPLOYEE_PHONE

4z K14

43 PSEUDONYM=PHONE_NO §

a4 LIBRARIAN

43 K25

46 PICTURE=-536870912 <<Name formati::

47 PSEUDONYM=HEAD_LIBRARIAN]

48 LOCATION »

49 cz

50 CODE="MANAGEMENT" » "MARKETING", "“PRODUCTION",
S1 "R&D" s "FINANCE", “PERSONNEL", "QA"
52 PSEUDONYM=AREA_LOCATED» DEPARTMENT

53 PHONE _NUMBER »

54 K14

55 PSEUDONYM=PHONE » TELEPHONE, TELEPHONE_NO.
56 LIBRARY _PHONE i

PAGE 1

NOP Company Librarvy Data Base

37 PLANT_ADDRESS s
58 K30
59 DIMENSION=(1:3)
B0 PSEUDONYM=PLANT_LOCATION: ADDRESS}
G1 PLANT_NAME »
2 K25
G3 PSEUDONYM=LIBRARY _BRANCH, PLANT_LIBRARY ]
64 PRICE »
B9 R4
GG PICTURE=-270663680 #+M3D.2D formatxzx
G7 RANGE=(0, .3500)
G8 NULL=-1
G9 PSEUDONYM=COSTs» BOOK_PRICE, PRICE_OF_BODK
70 COST_OF_BOOK §
71 PUBLISHED_DATE
72 R8
73 PICTURE=-53G870912 <<Date format>>x
74 RANGE=(208657814400,,211813488000)
75 <41 JAN 1900 .. 1 JAN 20005
76 NULL=148699584000 <1 JAN 0>
77 PSEUDONYM=PUBLISH_DATE: DATE_PUBLISHED]
78 PUBL ISHER »
79 K30
80 PSEUDONYM=PUBLISHER_NAME j
81 SUBJECT »
2 K30
83 PSEUDONYM=TOPIC:
84 TITLE»
85 K30
86 PSEUDONYM=HEADING: NAME_OF_BOODK i
87
88 SETS:
89 NAME : AUTHOR :A( /1) 3
90 ENTRY : AUTHOR (1)}
91 CAPACITY: 893
9z
93 NAME : CALL_NUMBER sA(/1) 3
94 ENTRY : CALL_NUMBER(Z2) i
95 CAPACITY: 893
96
97 NAME : SUBJECT +M{/1,2)3
98 ENTRY ¢ SUBJECT (1) 3

99 CAPACITY: 533
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100
101 NAME : TITLEsA(/1)3
102 ENTRY : TITLECL1) S
103 CAPACITY: 893
104
105 NAME : LIBRARY sM(2/1)3
106 ENTRY : PLANT_NAME(1) ,
107 PLANT_ADDRESS 4
108 LIBRARIAN
109 PHONE_NUMBER j
110 CAPACITY: 133
111
112 NAME : BORROWER sM(2/1) 3
113 ENTRY : EMPLOYEE_NO(1)
PAGE 2
NOP Company Librarv Data Base
114 BORROWER _NAME »
115 LOCATION 4
116 EMPLOYEE_-PHONE 3
117 CAPACITY: 793
118
119 NAME : BOOK +D(/14+2)3
120 ENTRY = TITLE(TITLE) 4
121 CALL _NUMBER (CALL_NUMBER) 4
122 AUTHOR (AUTHOR(TITLE) ) »
123 SUBJECT(SUBJECT) »
124 PUBLISHED_DATE »
125 PUBLISHER s
126 PRICE
127 CAPACITY: 893
128
129 NAME : INVENTORY sD(2/1) 3
130 ENTRY : CALL_NUMBER (CALL_NUMBER) »
131 COPY_NUMBER »
132 PLANT_NAME(LIBRARY) »
133 EMPLOYEE_NOD(BORROWER) »
134 BORROW_DATE i
135 CAPACITY: 1933
136
137 END.
ROOT FILE HAS BEEN GENERATED.
ROOT FILE SUMMARY
- SET NAME: AUTHOR SET TYPE t A
FLD CNT : 1 ENTRY LENGTH : 37 brtes
PATH CNT: 1 MED REC LGTH : 49 bytes
CAPACITY: B89 PHYS. RECORD(S): 18
LOCATION: DATABASE:LABEL HP97093A
- SET NAME: CALL_NUMBEFR SET TYPE : A
FLD CNT : 1 ENTRY LENGTH : 28 bytes
PATH CNT: 2 MED REC LGTH : 40 hbytes
CAPACITY: 89 PHYS, RECORD(S): 14
LOCATION: DATABASE:LABEL HP97093A
- SET NAME: SUBJECT SET TYPE H
FLD CNT : 1 ENTRY LENGTH : 42 bvtes
PATH CNT: 1 MED REC LGTH : 54 bytes
CAPACITY: 53 PHYS:, RECORD(S): 12

LOCATION: DATABASE:LABEL HP37033A
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- SET NAME: TITLE SET TYPE HIG
FLD CNT = 1 ENTRY LENGTH 1 B2 bvtes
PATH CNT: 1 MED REC LGTH : 74 bvytes
CAPACITY: B89 PHYS. RECORD(S): 26
LOCATION: DATABASE:LABEL HPI7093A

- SET NAME: LIBRARY SET TYPE HI
FLD CNT : 4 ENTRY LENGTH : 166 bvtes
PATH CNT: 1 MED REC LGTH t 178 hvtes
CAPACITY: 13 PHYS. RECORD(S): 10
LOCATION: DATABASE:LABEL HP97093A

- SET NAME: BORROWER SET TYPE HI
FLD CNT : 4 ENTRY LENGTH t 37 bvtes
PATH CNT: 1 MED REC LGTH : B9 bvtes
CAPACITY: 79 PHYS. RECORD(S): 22
LOCATION: DATABASE:LABEL HPI97093A

- SET NAME: BOOK SET TYPE : D
FLD CNT : 7 ENTRY LENGTH : 183 brties
PATH CNT: 4 MED REC LGTH : 1B3 brtes
CAPACITY: B89 PHYS. RECORD(S): G4

LOCATION: DATABASE:LABEL HPI97093A

- SET NAME: INVENTORY SET TYPE )
FLD CNT : 5 ENTRY LENGTH : 67 tbvtes
PATH CNT: 3 MED REC LGTH : 67 bvytes
CAPACITY: 193 PHYS. RECORD(S): 51

LOCATION: DATABASE:LABEL HP97093A

DATA ITEM COUNT: 17 DATA SET COUNT: 8
NUMBER OF ERROR(S): O
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The HP-UX Schema Process

For the HP-UX system, the schema program is supplied in the /usr/bin directory of IMAGE-UX.

When you have entered your schema and saved it in a file, you are ready to have the schema
program process it and create the ROOT file. To do this, you execute the schema command and
optionally specify the schema text file, the path on which the ROOT file is created and an output
file.

For example,

schema -f sKema -p /user/mine/database >mvlisting

Schema uses stdin file if you do not specify a schema file. The ROOT file is created in the current
directory unless you specify a path (-p). lf you asked for a listing of the schema, schema uses the
stdout file unless you redirect the output.

Creating the ROOT file

Schema creates the ROOT file directory and the ROOT file after processing the schema file if you
did not specify NOROOT and no errors occurred.

If another file of the same name, such as an older version of the data base directory, already exists
in the same directory needed for the data base, schema outputs an error message and terminates
without creating the ROOT file directory. You must rename such a file or purge the old data base
before running schema.

Programming Hint

For best results specify $CONTROL..NOROOT until the schema has
been processed without error.

Creating the Data Sets
Schema creates the data sets after creating the ROOT file if you did not specify NOSET.

Example
Here is the output from the HP-UX schema processor using the schema of the sample data base:
BEGIN DATA BASE LIBRARYS << single volume data base »>
PASSWORDS:
1 LIBRMGR i
2 ENGINEER 3
ITEMS:
Author: K263%<< item length has to be even i
Borrow.date K103<<No PICTURE extensionisa date is a strings>
Borrower_name KEGJ
Call_number;y 145
Copv_number: 23
EmPplovee_no: 143
Emplovee_Phaone X143
Likrarianm: HZ2B5
Location s K263
Phone_nmumber ®idsi
Plant_address: K30
DIMENSION = (1:3)3

Plant_name K2BS
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Price: R4S
Published_date: RB 3
Publisher: K305
Subdect W30S
Title: K303

SETS:
NAME : AUTHOR» A(/1) %
ENTRY 2 Author(1l)s
CAPACITY: 893
NAME : CALL_NUMBER s AC/1)3
ENTRY Call_number(Z2)3
CAPACITY: 893
NAME : SUBJECT sA(/142) 3
ENTRY 2 Subdect (1)
CAPACITY: 533
NAME : TITLEsAC/1)§
ENTRY : Title(1?)4
CAPACITY: 893
NAME : LIBRARY + M{Z2/1) 3
ENTRY : Plant_mame (1),
Plant_address
Librartan,
Phone_numbers3
CAPACITY: 133
NAME : BORROWER » M(2/1) 3
ENTRY : Emplovee_mof{l),
Borrower_name
Location
Emplovee_prPhones
CAPACITY: 791
NAME : BOOK sy D(/142)3
ENTRY : Title(TITLE) y
Call_number(CALL_NUMBER) s
Author (AUTHOR (Title))
SubJect (SUBJECT) 4
Published_date
Publisher:
Prices
CAPACITY: 893
NAME : INVENTORY »D(2/1)3
ENTRY : Call_number(CALL_NUMBER) »
Copy_number,
Plant_vame (LIBRARY)
EmPplovee_mno:
Borrow_date}
CAPACITY: 1933

END .,

**% ROOT FILE GENERATED
*** DATABASE CREATED
*##% ROOT FILE SUMMARY

- SET NAME: AUTHOR
FLD CNT = 1
PATH CNT: 1
CAPACITY: B9
LOCATION: LIBRARY
- SET NAME: CALL_NUMBER
FLD CNT =« 1
PATH CNT: 2
CAPACITY: 89
LOCATION: LIBRARY
- SET NAME: SUBJECT
FLD CNT = 1
PATH CNT: 1

SETTYPE : A
ENTRY LEN : 38 brtes
MED REC LEN 1 50 byvtes
PHYS. RECORDS : 1
SETTYPE t A
ENTRY LEN 1 2B bvtes
MED REC LEN : 40 hbrtes
PHYS., RECORDS : 1
SETTYPE : A
ENTRY LEN : 42 brtes
MED REC LEN : 54 bytes
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CAPACITY: 23 PHYS., RECORDS : 1
LOCATION: LIBRARY

- SET NAME: TITLE SETTYPE A
FLD CNT : 1 ENTRY LEN : G2 brtes
PATH CNT: 1 MED REC LEN 1 74 bvtes
CAPACITY: B89 PHYS., RECORDS : 1
LOCATION: LIBRARY

- SET NAME: LIBRARY SETTYPE : M
FLD CNT : 4 ENTRY LEN : 138 bvtes
PATH CNT: 1 MED REC LEN : 150 bvtes
CAPACITY: 13 PHYS. RECORDS : 1
LOCATION: LIBRARY

- SET NAME: BORROMWER SETTYPE : M
FLD CNT : 4 ENTRY LEN : B2 bvtes
PATH CNT: © MED REC LEN : 94 bytes
CAPACITY: 79 PHYS. RECORDS : 1
LOCATION: LIBRARY

- SET NAME: BOOK SETTYPE : D
FLD CNT : 7 ENTRY LEN : 184 bvtes
PATH CNT: 4 MED REC LEN t 184 bvtes
CAPACITY: 89 PHYS. RECORDS : 1
LOCATION: LIBRARY

- SET NAME: INVENTORY SETTYPE : D
FLD CNT : 5 ENTRY LEN : B2 brtes
PATH CNT: 2 MED REC LEN : G2 byvtes
CAPACITY: 193 PHYS. RECORDS : 1

LOCATION: LIBRARY

Creating the Data Set Files

After creating the ROOT file with SCHEMA, you must create the data set files before you can
access the data base. You create data set files with the DBCREATE intrinsic. This intrinsic can
create a single set, a combination of sets or all the sets.

DBCREATE creates the sets in the same directory as the ROOT file unless you specified a volume
label for that set in the schema SET part. These directories are located according to the path
specifiers in the DIRECTORY part.

Refer to the BASIC Language or HP-UX Reference manual for the syntax details of the
DBCREATE intrinsic.
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Chapter 3

Data Base Access

Computer
[, Museum

Introduction

After you have designed and created your data

base, you are ready to begin accessing it. There are
ten statements which provide different ways to ac- DATA BASE ACCESS

) DATA BASE DBOPEN (open data base)
cess the data in a data base. DBLOCK (lock data set/base)

ROOT File ggmgadd new daga)
ocate data

DBOPEN and DBCLOSE are necessary for all | DaasSet’ L _yf DRGET (read data)
data base operations. DBOPEN opens the data . ED)EBEEQTTIE ((ggz?egz gg‘)a)
base according to the read/write security level Data'Set ] DBINFO (read structure)
associated with the password you supply. You gggt%gg’;cl(gif?;fg:g)
must use DBCLOSE to terminate data base access

at the end of your program. You can also use par-
tial DBCLOSE during your program to ensure that all updates are written (posted) to the data base
media, close individual data sets or release unneeded resources.

DBPUT adds an entry to a manual master or detail data set.

DBFIND locates the head of the detail data set chain linked to the specified key item value. You
can use DBFIND to setup subsequent chained DBGET's in the detail set.

DBGET retrieves an entry from the specified master or detail set.

DBUPDATE changes the value of items (non-key, non-search, non-sort) in a manual master or
detail data set.

DBDELETE deletes a data entry from a manual master or detail data set.
DBLOCK and DBUNLOCK provide your program with exclusive access to part or all of a data
base which may be open to other programs or users. You use DBLOCK/DBUNLOCK to

ensure that no other program changes the data base between your operations.

DBINFO provides information about the data base. Your program can use DBINFO to obtain
much of the information you specified in the schema.

Except for DBBUFFER' and DBCONTROL, these are the data base management intrinsics. There

is also a group of data base utility intrinsics. DBBUFFER, DBCONTROL and the utility intrinsics
are discussed in later chapters.

1 BASIC only
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Host Language Considerations

This section discusses considerations common to all of the programming languages which you can
use to access a data base.

For considerations unique to each language, refer to the appropriate appendix:

Appendix B: BASIC Language Considerations
Appendix C: C Language Considerations
Appendix F: Fortran Language Considerations
Appendix P: Pascal Language Considerations

Because of the differences between languages, this and subsequent chapters do not include many
examples of actual program code. Each topic’s examples appear instead in the language’s
appendix.

This chapter also does not define precise syntax for each intrinsic. Syntax is defined in the Refer-
ence manual for your environment. You should have it available as you read this chapter.

Parameter Data Types

The terms and expressions specified in data base intrinsics generally must be, or evaluate to, either
numeric or character (string) data types. In the BASIC Language Systemn, the syntaxing performed
during EDIT prevents most errors and the run-time compilier can perform automatic numeric type
conversions for you. In HP-UX the editor performs no syntax checks and a batch compilier like
FORTRAN cannot determine if the form of your CALL correctly matches the requirements of the
intrinsic. You must, therefore, be more rigorous about specifying precisely the correct parameters
and data types.

The Data Base Variable

When you first open the data base with DBOPEN you specify the location of the data base, and in
BASIC any file passwords necessary to access the directory containing the data base directory. You
must specify this information in the form of a string variable and not a string expression. Also, the
variable must have exactly two leading blank (ASCII code 32) characters.

You should use this same variable in subsequent data base operations in your program. When the
data base is opened, the variable is changed. If your program is highly structured, segmented or
overlayed, you need to consider how to pass this variable to all the parts of your program that
invoke data base intrinsics. For example, you can pass it as a subprogram parameter or place it in a
COMMON area.

Refer to the section on DBOPEN for further discussion of the data base variable.

The Status Array

Unlike most /O or file system operations in your programming language, very few errors that occur
during data base intrinsic operations result in a system error “trap”’. Your BASIC program does not
pause and display an error message. Your FORTRAN program does not abort. Instead, whether or
not the operation fails, IMAGE stores information about the operation in an array and your
program continues running.

The array is the status array. After each intrinsic completes, it contains a pass/fail word (the
condition word) and useful information about the current entry. In the case of failure, it contains
further information about the cause of the error. Not all status errors indicate a ‘“‘problem’ with the
data base. For example, a simple way to find the end of a chain is to perform a chained read until an
“end of chain” status error occurs.




Data Base Access

In BASIC the status array is a DOUBLE array of at least ten elements. Unlike many other para-
meters, it must be of type DOUBLE. If it is not, or has fewer than ten elements, your program
pauses and displays an error,

In the HP-UX operating system, IMAGE assumes that the status array represents 20 bytes of
contiguous storage. If it does not, other program variables may be altered when IMAGE updates
this block of memory.

You should examine the status array after every data base operation and check the condition word
and correct the problem if a status error is detected.

Opening the Data Base - DBOPEN

To access a data base with the data base management intrinsics you must first open the data base
with DBOPEN. The utility intrinsics perform their own DBOPEN. There is an example program
segment demonstrating DBOPEN in each language Appendix.

Data Base Number

Each time you successfully open a data base, IMAGE assigns an ASCII data base number to that
particular invocation of DBOPEN. This data base number is a pair of ASCII characters in the range
“00” through “99”. A new number is allocated even if you already have the same data base open.
Each time you successfully close a data base, the number is released. The maximum number of
DBOPENS that can be in effect at one time is 100.

This is the only arbitrary limit on data base access. Within the constraint of 100 DBOPENS, the
following are valid combinations of active DBOPENS.

A single program or | Multiple programs or
user can... users can...
...open the same data base once. YES YES
...open the same data base more than once. YES YES
...open different data bases once. YES YES
...open different data bases more than once. YES YES
DBOPEN Combinations

DBOPEN stores the data base number in the data base variable. All the other management
intrinsics use this data base number to identify the data base they are accessing. It is for this reason
that you should use the same variable in all intrinsic invocations. If you do not, or if you modify the
data base variable, the intrinsics may be unable to perform the requested operation.

In the case where you re-open a data base already open to you, IMAGE still assigns a new available
data base number. You must use different data base variables to accomplish this, even though their
contents are identical (before DBOPEN). Your accesses using the resulting (different) data base
variables are treated just as if you are accessing different data bases. For this reason, the data base is
referred to as being open ‘‘to the data base variable’ rather than “open to you’.
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Specifying the Data Base

[n addition to having the correct form, the data base variable must at least identify the name of the
data base root file directory.

Path Specifiers

If the data base root file directory is not located in the current MSI (MASS STORAGE 1S) directory
(BASIC) or in the current working directory (HP-UX), then you must also include a path specifier to
the data base root file directory.

Directories

If the data base is on a separate volume not identified by MSI (BASIC), you must either change the
MSI or include the volume LABEL in the data base variable. The volume LABEL must be one
identified by a VDA (VOLUME DEVICES ARE) statement. In HP-UX, you must mount the volume
to a directory in an accessible path. You must also mount the volumes containing any data sets.

If the volume requires a volume password for read access (BASIC only), you must specify this
password in the VDA statement or in the media specifier of the data base variable. Volume
passwords are not recommended for data bases to be accessed in HP-UX. There is no method for
specifying this password in HP-UX.

Access Capability

You must have at least read access capability in every directory in the path above the root file
directory. In BASIC, you must specify directory passwords. In HP-UX you must have the appropri-
ate permissions for all directories down to the data base directory. IMAGE executes with super user
permission and has access to the data base directory. You do not need to specify a password for the
root file directory itself or the root file. The IMAGE software provides the correct password (*‘IM-
AGE” in BASIC) when it opens these files. These passwords have nothing to do with the DBOPEN
password parameter.

DBOPEN Password

The DBOPEN password parameter determines your access capability within each data set. Read
capability in a data set permits you to perform DBFIND, DBGET and DBINFO operations specify-
ing or involving that set. Write capability permits you to perform read operations and DBPUT,
DBUPDATE and DBDELETE operations within the set.

You must specify a data base password in DBOPEN even if there are no passwords defined for the
data base. If there are no passwords defined, any password provides read/write access to all data
sets. If there are passwords, the password you specify must match one defined during SCHEMA or
DEFINE. If you specify an invalid password, DBOPEN does not open the data base.

Your (valid) password is matched to a user class number. This class number determines which
data sets you may access. You can read and write in data sets in which it is a write class number.
You can only read data in sets in which it is only a read class number. Data sets in which the
password denotes neither a read nor write class number are effectively invisible to you. You cannot
read, write or even obtain information about such data sets.

Passwords and Automatic Masters

If you are performing write (DBPUT, DBUPDATE, DBDELETE) operations in a detail set and that
set is linked to any automatic master data sets, your password need not have write access to those
masters.
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DBOPEN Mode

The open mode specifies the type of data base access you intend to perform. This mode is
independent of whether your password permits you to actually perform the access. There are four

open modes, summarized in the following table.

Open Read/Write Exclusive or DBLOCK/DBUNLOCK DBCONTROL
Mode access shared access requirements modes 1 and 2 default
1 Read/Write shared with other read: optional mode 2,
mode 1 users write: required immediate posting
Read/Write exclusive ignored mode 2
Read Only shared with other read: optional not applicable
mode 8 users write: n.a.
11 Read/Write exclusive ignored mode 1,
deferred posting
DBOPEN Open Modes
Read vs Read/Write

The first question to consider when selecting a mode is whether or not you need modify the data
base or merely read data from it. If you do not need to write into, modify or delete data enttries,
consider using DBOPEN mode 8.

Sharing of a Data Base

Will any other user or program attempt to access the same data base while you have it open? This
question includes whether you might open the same data base more than once in your own
program.

For a DBOPEN specifying an open data base to succeed, the first DBOPEN must have specified
mode 1 or 8 and the second and subsequent DBOPENs must specify the same mode. Both modes
permit reading the data base. Mode 1 permits both reading and writing.

If you do not want another user, including your own program, to open the data base while you
have it open, you must open it exclusively. You can use DBOPEN modes 3 or 11 to do this.

If you merely want to prevent other users from modifying the data base, you can prevent this by the
use of the DBLOCK intrinsic. In fact, when the data base is open in shared mode, you are required
to have the affected data set(s) locked with DBLLOCK prior to performing any write operations.

Note

You are not required to lock a shared data base during read operations.
If you are modifying the data base by performing a read (DBFIND,
DBGET, DBINFO) operation followed by a write operation, another
user could modify the data base between your read and write. To avoid
this, you should lock the data set(s) prior to the read operations and not
just before the write operation.

1 BASIC only
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Buffering and Posting (BASIC Only)
If your data base program has to meet demanding performance criteria, you need to understand

and take advantage of disc buffering, or deferred posting.

All of your data, both read and written, is held temporarily in a block of system memory called a
buffer. How much is held there affects performance. How long it is held there has implications for
data integrity. If you open your data base with DBOPEN mode 3, write operations always result in
immediate disc access. If you open the data base in mode 11, your data is held in memory for as
long as possible before writing (posting) it to disc. [t may be held until you close the data base.

In general, you should use DBOPEN mode 3 instead of mode 11 unless your program’s perform-
ance is unsatisfactory. Buffering and posting are discussed further in the ‘“Advanced Data Base
Operations” chapter.

Closing the Data Base - DBCLOSE

When you have concluded all data base operations you must close the data base. If you fail to close
it you may lose data or corrupt your data base.

The principal purpose for the DBCLOSE intrinsic is to close the entire data base. It also has three
other modes which perform partial closes, “‘rewind” and posting operations. The modes are
summarized in the following table.

Close mode 1 | Close mode 2 | Close mode 3 | Close mode 4

portion of data base closed root and sets if | set, if not shared none none

not shared
locks on data base or set(s) released retained retained retained
IO buffers all are posted if | set’s are posted no action all are posted

not shared if not shared
Current Record Number n.a. retained setto 0 retained
Current List Specifier n.a. retained lost retained
Current Chain n.a. retained lost retained

DBCLOSE Modes
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Ordinary Close - Mode 1

This mode closes the entire data base. Further access to the data base using the same data base
variable requires that you re-open the data base with DBOPEN. The data base number in the data
base variable is changed back to two leading blanks.

DBCLOSE mode 1 does not close the data base to other users. If you opened the data base to
more than one data base variable, you can still access the data base via that variable. To close the
data base to that variable you must perform a DBCLOSE mode 1 specifying that variable.

If the data base is not open to any other user or variable, DBCLOSE mode 1 causes all outstanding
modifications to be written from the system buffers to the data base (posting). It also closes the data
set and data base root files. If no other files are open in the root directory, DBCLOSE closes that
directory as well. If you have the data base or any data sets locked, DBCLOSE mode 1 performs an
implied DBUNLOCK.

There is an example of DBCLOSE mode 1 in each language Appendix.

You should check the condition word after a DBCLOSE to ensure that the statement operated
correctly. If a status error occurs during DBCLOSE, the data base is not closed. Possible status
errors during DBCLOSE are listed in the reference manual entry covering DBCLOSE. One status
error is — 1, which means that a system error occurred. You should check the last Status Array
element to obtain the system error number.

The reason DBCLOSE leaves the data base open if an error occurs is to give you an opportunity to
correct the problem. For example, if a data set volume is off-line, you can display a message
requesting that the operator insert the disc in the drive. If the problem is one that you cannot correct
you need to perform a forced close.

Forced Close

Your environment can automatically perform a special type of DBCLOSE when your program
terminates execution in BASIC. This close is not performed if your program merely executes a
BASIC PAUSE statement.

This forced DBCLOSE posts as many system buffers as possible, and closes all data base files.
Inaccessible sets may be marked as CORRUPT in the root file if their buffers contain updates which
could not be posted.

In the BASIC Language System forced close is performed for all open data bases in the affected
partition when you execute any of the following statements: DEL PARTITION, END, GET, LOAD,
(RUN ), STOP and ((s10P). A DBCLOSE mode 1 is automatically performed for all open data

data bases in the computer if you execute any of the following statements and commands:

LOADBIN, SCRATCH A, (RUN ALL) and (STOP ALL).

In the HP-UX system, forced close occurs on program termination. If you logout while your data
base process is running, IMAGE-UX closes the data base.

The purpose of this automatic DBCLOSE is to try to prevent loss of data due to inadvertent
statements and commands. This automatic close simplifies program debugging, but you should
not rely on it for normal operations. However, if you execute a DBCLOSE which fails, and you
cannot correct the problem, you can close the data base with any of the forced close operations.
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Partial Close - Mode 2

For a data base with numerous data sets, a significant amount of system memory can become
unavailable for other uses. This is because a system buffer is allocated for /O each time a data set is
accessed for the first time. This buffer remains in existence until you close the entire data base or
until you close one or more data sets. The purpose of DBCLOSE mode 2 is to close one or more
data sets without closing the entire data base.

If the data base is open only to your data base variable, DBCLOSE mode 2 posts the buffers to the
specified sets and closes the set files. If the data base is open to another user or variable, DBCLOSE
mode 2 has no effect. If the sets are closed, they are automatically reopened whenever you next
access them. You do not need to perform a DBOPEN as long as you have the data base open.

If have limited memory, you should use DBCLOSE mode 2 whenever you are finished using a data
set. You can also use mode 2 to cause posting of buffers to their data sets, although mode 4 is a
better choice for this operation.

Rewind a Data Set - Mode 3

To perform a SERIAL FORWARD read to the first entry in a data set or a SERIAL BACKWARD
read to the last entry, the current record must be zero. The current record is zero until you perform a
DBPUT, DBGET or DBDELETE operation in the set, at which time the current record becomes
some non-zero value.

If the current record is non-zero, you can reset it to zero in several ways. The two most efficient
ways are DBCLOSE mode 3 and DBGET mode 4 DIRECTED read specifying record zero.

DBCLOSE mode 3 does not actually close any portion of the data base, nor does it post any
buffers. It resets the current record to zero in the specified set. Unlike DBGET mode 4, DBCLOSE
mode 3 has two side effects which may be undesireable:

® In a detail data set, DBCLOSE mode 3 resets the current path to the primary path. This is only
significant if you were performing chained DBGETs prior to the DBCLOSE mode 3. To
perform a CHAINED DBGET after a DBCLOSE mode 3, you must first perform a DBFIND to
re-establish the path.

® When you are performing DBPUT, DBGET, DBUPDATE and DBDELETE operations you
have a choice of methods of specifying the list of data items read or written. Once specified,
you can specify that you want to use the “current list” mode in subsequent statements.
DBCLOSE mode 3 causes IMAGE to clear the current list mode for the re-wound data set.
After a DBCLOSE mode 3, you must re-establish the list mode in the next DBPUT, DBGET,
DBUPDATE or DBDELETE.

If you need to rewind a data set and want to avoid these side effects, use DBGET mode 4.
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Force Buffer Posting - DBCLOSE mode 4

If you are using deferred posting mode (see DBOPEN, DBCONTROL and DBBUFFER), it is wise
to occasionally post the buffers to their data sets.

DBCLOSE modes 1 and 2 cause posting of data set buffer data to the data sets if the data base is
open only to your data base variable. DBCLOSE mode 3 never posts bulffers.

If you want to force posting, regardless of how many users have the data base open, use
DBCLOSE mode 4. Mode 4 causes all buffers containing unposted data base modifications to be
written to their data sets. It does not close any data sets, nor does it have any side effects. The
current record and current list for each data set are retained.

Reading and Writing Data

Once you have opened your data base, you can add data to data entries with the DBPUT intrinsic,
read data from them with DBGET, modify data with DBUPDATE and return entries to the empty
state with DBDELETE. DBPUT, DBGET and DBUPDATE permit you specify the data items of

interest in two forms and specify the program variables in two forms.

The way you specify which data items to read or write is via a parameter called the list specifier.
Depending on your environment, the program variables can be either a list of variables or a single
variable called a packing variable. The next sections discuss how to choose and use the list specifier
and variable list.

Identifying the Data Items - the List Specifier

When you read data from an entry with DBGET, you are not required to retrieve the value of every
data item (field) in the entry. You can request that IMAGE return values for one, several or all of the
items. Similarly, when you create a new data entry and write items values to it with DBPUT, you
can omit item values for which you want IMAGE to supply a null value. Finally, when you change a
data entry with DBUPDATE, you can cause items to be left unchanged by omitting them from the
DBUPDATE intrinsic. The way in which you identify which items to read or write is denoted by the
list specifier.

The Form of the List Specifier

The precise syntax of the list specifier is shown in your reference manual for the DBGET, DBPUT
and DBUPDATE intrinsics. In general it is either a string variable, a literal or a string expression. It
must evaluate to one of three forms: a @ (commercial at) character, a list of data base item names
(or an array of numbers in HP-UX), or an * (asterisk) character.

The parameter passing conventions of your host language may require that you terminate the
character or name list with a semicolon. Consult your reference manual or the Language Consid-
eration Appendicies for information concerning string parameters. In BASIC, for example, the
semicolon is optional. IMAGE ignores any characters in the string beyond the semicolon.
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Full Record List Mode (@)
If you want to access every item in the data entry, you can use full-record mode. This mode offers
simplicity in program coding and a slight performance increase over item list mode.

Full record mode implies that you are supplying a value for every item in DBPUT and DBUPDATE
or that you expect to retrieve a value for every item in DBGET. You can use either a variable’ or a
packing variable with full record mode subject to these constraints:

® The packing variable must have a length in bytes equal to or greater than the length of the data
entry {not the media record).

e The list of variables' must contain one variable for each data base item in the data entry. Each
variable must be the same type as the item. The variables must be in the same order as the
items in the entry. You can determine the order from the Set Part of your schema, or via
DBINFO requests. This syntax is available only in the BASIC Language System.

The following illustration shows how a DBGET transfers data values from a data entry to a variable
list and a packing variable. The syntax examples are in BASIC.

DBGET(..,. +"8"sIntvarsCharvar$lii1:81s8hortvarsDoubklevarsbLonguvar.:..,)
T_] 1] I__T | L ’
Media header item 1 item 2 item 3 item 4 item 5
Record 12 X8 R4 14 R8
- data entry —

|

'

DBGET(,.,."@8" yPacKkingvar$l1:+2681s+4.4)
Full Record List Mode

Item List Mode

If you want to read less than all of the items from an entry you could use full-record mode with a
packing variable and ignore the undesired items in the packing variable. You can also use item list
mode. If you want to write to less than all the items you must use item list mode.

Item list mode implies that you are specifying a list of the names or numbers of each item to be read
from or written to. Names are the same names specified in the schema or DEFINE. The names are
separated by a comma. They do not need to be in the same order as the items in the entry. The
name list must be specified as a single expression or variable in the parameter list. The item
numbers are the numbers assigned by SCHEMA or DEFINE when you created the root file. Items
numbers starting with one are assigned in the same order that you specified the items in the Item
Part. The suggested method of determining item numbers is via DBINFO mode 101 within your
program.

1 BASIC only
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An item list consisting of item names is a string expression. The names are separated by a comma.
The list is terminated with a semicolon. An item list of item numbers is an integer array. The first
element specifies the number of item numbers. Each succeeding element is an item number. Item
number list mode is not available in BASIC.

With an item list you can use either a variable list or a packing variable for the data within the
following constraints:

® The packing variable must have a length in bytes equal to or greater than the sum of the
lengths of the named or numbered data items.

® The list of variables must contain one variable for each data item name or number in the item
list. Each variable must be the same type as the item. The variables must be in the same order
as the items in the item list, not the entry. This method is available only in BASIC.

The following illustration shows how a DBGET transfers data values from a data entry to a variable
list and a packing variable using item list (name list) mode. The syntax examples are in BASIC.

DBGET (s . "Item_SsItem_2+Item_4"sLondvarsCharvar$l1,+B1+Shortvar.,..)

—] T

Media item_1 item_2 item_3 item_4 item_5
Record header 12 X8 R4 14 R8
- data entry >
1 [

«— total item lengths —»

Il

v

DBGET (.., ."B" +PacKinguvar$ris.)
Item List Mode

If you find that you need to specify all of the item names or numbers, consider using full-record
mode.

You cannot use pseudonym names in the name list. To access a data item by its pseudonym name
you must first request the item number with DBINFO mode 101, and then request that item
number’s name with DBINFO mode 102.
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Current List Mode

The most recently executed DBPUT, DBGET or DBUPDATE which specifies either full record or
item list mode establishes the current list mode. In subsequent statements you can simplify program
coding and improve performance by specifying that you want to use the current list mode.

The list specifer for current list mode is a string expression which evaluates to an * (asterisk)
character followed by a semicolon.

Program Variables for Item values

There are two ways to specify the data written to the data base with DBPUT and DBUPDATE and
read it with DBGET. In the BASIC Language system you can specify either a single packing
variable or a list of program variables. In HP-UX you can specify only the packing variable form. In
either case you must keep the following in mind.

Note

The values stored in a data entry for data items are not typed. The data
entry fields contain only the item values. There is no information in the
data entry about the data type (integer, shortreal, string) or size of any
item. You must specify the correct type and size of program variables
when reading from and writing to a data entry.

Item Data in a Packing Variable

The first method, and the only method available in HP-UX or for DBINFO in BASIC, is to read the
data values from the data base into, or write them to the data base from, a single variable. In
BASIC, it must be a string variable and is called a ‘‘packing string’.

In this mode data values are transferred directly to and from the data entry. For example, during
DBGET, each item’s value is simply read from the entry field and “packed” into the packing
variable. To retrieve this data from the packing variable, you must know the type and size of each
item. If you obtained the entry in full-record mode, you must further know how the items are
organized in the entry.

The List Specifier section illustrated examples of the use of the packing variable. The following
illusration shows the relationship between the item values in the entry fields and the item values in
the packing variable.

Data Entry Fields Item 1 Item 2 Item 3 ltem 4
R8 X7 - 14
Packing Variable *—j ;_1 f
bytes 1 thru 8 bytes 8 thru 15 bytes 16 thru 19

Packing Variable Data Transfer
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Methods of building or reading from a packing variable vary considerably between languages. For
example, in FORTRAN you can simply EQUIVALENCE your program variables to locations within
the packing variable. In BASIC you must write to and read from the variable with the PACK USING
and UNPACK USING statements provided specifically for that purpose. Accessing the packing
variable is a major topic of the language Appendicies.

Item Data in a Variable List

The second method, available only in BASIC, is to specify a list of expressions or variables, each of
which represent an individual data base item in the current entry. Each must be an appropriate data
type for the item. For example, you cannot read shortreal data into a string variable or double
integer or vice-versa.

This mode is simple to use because you need only account for the appropriate number and type of
items. You can determine this from the schema, or your program can make inquiries with DBINFO.

The preceding section (List Specifier) showed illustrations of the use of the variable list. Here is
another showing the relationship between item values in entry fields and program variables.

Data Entry Fields Item 1 Item 2 Item 3 ltem 4

R8s X7 - 14

Program Variables ¥ + v + H
longreal character double integer

Variable List Data Transfer
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Adding Data to the Data Base - DBPUT

Once you have successfully opened your data base, you can add data to it using the DBPUT
intrinsic. Keep in mind that you can add an entry using DBPUT only in a manual master data or
detail data set. Entries in automatic master data sets are added automatically by IMAGE.

Performing a DBPUT operation is relatively simple. You do not need to specify the access method.
IMAGE uses the method appropriate for the data set type. However, there are some considerations
you should keep in mind, so DBPUT operations in each data set type are described separately.
There are examples of DBPUT in the language Appendices.

For either type data set, you must have the data base open in one of the read/write DBOPEN
modes (1. 3 or 11'). You cannot perform a DBPUT in read-only DBOPEN mode 8.

DBPUT in a Manual Master

When you add a detail data entry which contains a new value for a search item, IMAGE adds the
key item value automatically to the automatic master data set in which it is defined. IMAGE does
not add it automatically to a manual master data set. You must perform a DBPUT operation in the
manual master.

IMAGE uses the calculated (hashed) access method to select the (primary) record. If the record is
occupied, IMAGE uses the next record on the free record chain and links this record to the primary
record’s synonym chain.

When you perform the DBPUT, keep the following in mind:

® [f you are using item-list mode, you should specify the key item name or number. If you do not
specify the item, IMAGE uses its null value. You can only put the null value of the key item in
the data set once.

e Whether or not you specify the key item and its value, the value to be stored in the data set for
the key item must be unique. If the key item value already exists in the set, a status error
occurs.

® The data set must not be full. There must be at least one empty record in the data set. If the
data set is full you can extend it with DBEXTEND. You should use this as a temporary measure
until you can re-create the set with a larger defined capacity.

e [f you opened the data base in shared DBOPEN mode 1, you must lock the data set or the
entire data base with DBLOCK before invoking DBPUT.

1 BASIC only
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DBPUT in a Detail Data Set

When you add a data entry to a detail data set, IMAGE automatically places the new entry on the
correct chain(s) in the data base. You do not have to perform a DBFIND to establish a chain.

IMAGE uses the first available empty record from the detail set’s free record chain. IMAGE stores
your data in the entry and links it to each search item chain in the data set. If the value of a search
item does not exist in the related master, then the chain does not yet exist. If it is an automatic
master, IMAGE creates the entry in the master, thus creating the new chain. If it is a manual master,
a status error occurs. You must first perform a DBPUT in that manual master to establish the master
entry and the chain.

When you perform the DBPUT, keep the following in mind:
® All related master data sets must be on-line. This is not a concern if the entire data base resides
on a single medium.
® Each related manual master must have an entry containing the value of the search item for that
chain. If not, perform a DBPUT in the master before the DBPUT in the detail.

® Each related automatic master must have either an entry for the search item value or an empty
entry which IMAGE can use to create the entry.

® The detail data set must not be full. There must be at least one empty record in the data set. If
the data set is full you can extend it with DBEXTEND.

e If you opened the data base in shared DBOPEN mode 1, you must lock the data set and its
related masters or the entire data base with DBLOCK before invoking DBPUT.

If you use item-list mode and omit any items, IMAGE uses their null values.

IMAGE links new entries onto the end of unsorted chains. Subsequent FORWARD CHAINED
reads along unsorted chains encounter these entries in chronological order. IMAGE inserts new
entries into sorted chains. IMAGE uses a BACKWARD CHAINED read to establish the location
along the sorted chain. Subsequent FORWARD CHAINED reads along sorted chains encounter
different search item values in sorted order, and identical search item values in chronological order.
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Locating a Chain - DBFIND

In every DBGET mode except CHAINED you can read data from both master and detail data sets
without using DBFIND. The use of CHAINED DBGET in detail data sets is sufficiently common that
it is appropriate to introduce DBFIND first.

A detail data set can have paths to several master sets. Each path represents a collection of chains.
Each chain represents a unique value of the search item on that chain. To perform a CHAINED
read, you must establish the desired path and chain. The normal way to do this is with DBFIND.

You do not use DBFIND to prepare for CHAINED reads in a master data set (along a synonym
chain). Use a CALCULATED, DIRECTED or SERIAL DBGET to locate a master entry. This
automatically establishes that record’s synonym chain as the current chain in the master set.

Normal DBFINDs

In the DBFIND intrinsic you specify the detail data set in which you intend to perform chained
reads. You also identify the path and chain along which you intend to read by specifying the search
item and its value respectively. DBFIND uses the search item identity to select the appropriate
master data set (path), and uses the search item value to perform a calculated access to the master
set entry containing that value. The entry’s media record contains the pointers to the desired chain.
IMAGE stores these pointers in the buffer area associated with the detail data set.

After a successful DBFIND, you can perform a CHAINED FORWARD read to the first detail data
set entry on the chain or a CHAINED BACKWARD read to the last entry on the chain.

Once established. the “‘current chain’ definition is used for all subsequent chained reads in that
detail data set. Each data set has its own current chain information.

There are examples of a DBFIND followed by a DBGET in the language Appendicies.

If you have the data base open in DBOPEN mode 1 (shared read/write), you should lock the data
base or relevant master and detail sets with DBLOCK prior to the DBFIND/DBGET operation.
Even if you do not intend to modify the data, another user could delete a chain entry between your
DBGET operations. This can cause a broken chain status error in your program.

Note

DBFIND does not retrieve any data from the data base. It merely locates
the chain head/end for the specified detail data set and search item
value.

Shortreal and Longreal Search Items

If the search item is a real item (R4 or R8), you need to be cautious about the method of generating
the search value. Assume that PRICE is a search item in our sample data base (it is not). If you
attempt to generate a histogram of book prices in the library with the following (BASIC) loop, you
are apt to find no books for any price but the first.
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1910 FOR Price=0,01 TO 100,00 STEP 0.01
1820 DBFIND(Base%,"BOOK" +1+Status (%) ,"PRICE" sPrice)

+
+

18990 NEXT Price

The reason for this is that binary floating point formats, like the IEEE format used by IMAGE,
cannot precisely represent all rational numbers. A small amount of round-off error accumulates
during the loop calculation. The calculated access performed by DBFIND requires that the longreal
or shortreal value have exactly the same bit pattern as the key value in the master data set.

The way to ensure that the value in the data base and the value specified in DBFIND match, is to
always round or truncate the value to the number of significant digits, or power of ten required. The
previous example works properly if you add the following line.

1912 Rerice=PROUND(Price:-2) IRound to .01 significance
1920 DBFIND(Base%"BOOK" s1+Status(*) +"PRICE" sRrrice)

Changing the Current Path and Chain

To change the current chain in a detail data set, you can execute another DBFIND which specifies
the new information. This is the only way to change both the path and chain. There are other ways
to change just the chain.

As long as you perform only CHAINED DBGETs in the detail set, the current chain does not
change. If you perform any other access, such as a SERIAL or DIRECTED DBGET, the current
chain may change. If the SERIAL or DIRECTED DBGET selects a record that has a different value
for the search item, the current chain changes. Subsequent CHAINED DBGETSs read along the
chain defined by the new search item value. Note that DBGET uses the same search item identity,
that is, the path does not change.

The Primary Path

There is a special case in which you can execute a CHAINED DBGET in a detail set without first
executing a DBFIND. This case uses the data set’s ‘“primary path” and current chain. The primary
path is the first path defined for the data set in SCHEMA or DEFINE. The current chain is the chain
determined by the combination of the primary path and the current record in the data set.

The current record implies that you have performed at least one DIRECTED or SERIAL DBGET
within the data set. If you execute a CHAINED DBGET specifying a data set that has not been
accessed since DBOPEN, you get a status error.

IMAGE provides the primary path access technique primarily for use by Hewlett-Packard data base
utility programs. It is not recommended for use in normal programming.
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Retrieving Data - DBGET

You use the DBGET intrinsic to select a data entry and read the values of data items it contains. The
selection process is one of the seven access modes described in Chapter 1. All except the CALCU-
LATED access methods (DBGET modes) are available in both master and detail data sets.

This section is organized by operations, and discusses the modes in the order in which you are most
likely to require their use. The following tables summarize the modes.

If you are performing a DBGET to read a data entry which you intend to modify with DBUPDATE
or DBDELETE/DBPUT, you should lock the data base or data set with DBLOCK prior to perform-
ing the DBGET.

Access
Mode Access Mode Name Entry Record Obtained Access Mode Argument
1 RE-READ Current ignored
2 SERIAL FORWARD Next non-empty ignored
3 SERIAL BACKWARD Previous non-empty ignored
4 DIRECTED Specified Record Number
5 CHAINED FORWARD Next on synonym chain ignored
6 CHAINED BACKWARD Previous on synonym chain ignored
7 CALCULATED (hashed) Function of key item value Key ltem value

Master Data Set DBGET Access Modes

Access Entry Record Access Mode DBFIND
Mode Access Mode Name Obtained Argument required
1 RE-READ Current ignored No
2 SERIAL FORWARD Next non-empty ignored No
3 SERIAL BACKWARD Previous non-empty ignored No
4 DIRECTED Specified Record Number No
5 CHAINED FORWARD Next with same ignored Yes if there is no
search item value current chain
6 CHAINED BACKWARD Previous with same ignored Yes if there is no
search item value current chain
7 CALCULATED n.a. n.a. n.a.

Detail Data Set DBGET Access Modes

CHAINED Reads - DBGET Modes 5 and 6

DBGET modes 5 and 6 locate the next or previous data entry along the current chain and return
the entry’s item data values. The normal use for modes 5 and 6 is to read or search the list of entries
along a chain in a detail set. For example, in our sample data base, if you want to obtain a list of all
the books by a single author, you need to perform a chained read of the detail data set BOOK. The
language Appendicies have an example of this form of DBGET.
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Chained Reads in Detail Data Sets

DBGET mode 5 and 6 use the current chain in the specified detail data set. Current chain
information is maintained by IMAGE for each open data set. The normal method of performing
chained DBGETs is summarized in the following steps.

1. Perform a DBFIND specifying the desired detail data set and search item value. This estab-
lishes the path and chain.

2. Perform a DBGET mode 5 (FORWARD) or mode 6 (BACKWARD) to locate and read the
first or last entry on the chain.

3. Continue reading FORWARD to the end of chain (status error 15) or BACKWARD to the
beginning of chain (status error 14).

Once a chain is established in a detail set, it remains in effect even while you are performing
operations in other data sets. However, if you perform any SERIAL or DIRECTED reads in the
detail set, you may change the current chain (see the DBFIND section). The best policy is to always
perform a DBFIND before beginning a series of chained reads.

Chained Reads in Master Data Sets

You can also use DBGET mode 5 and 6 in a master data set to determine which key item values are
hashing synonyms. This type of DBGET is typically used only as a data base performance tool and
is not used in applications. Data base performance is discussed in the “Advanced Data Base
Operations” chapter.

Before you perform a DBGET mode 5 or 6 in a master data set, you must establish a current chain
in that data set. Any DBGET which successfully accesses an entry {occupied record) establishes a
current chain, but does not place you at any particular position on the chain. You must perform a
chained read both forward and backward to locate the chain ends.

You can also establish a current chain in a master set with a successful DBPUT. DBPUT always
adds a new record to the end of the synonym chain.

In either case, keep in mind that a master set having an appropriate capacity has few, if any,
synonyms.

Reading a Key Item’s Entry - DBGET Mode 7

DBGET mode 7 (CALCULATED read) locates the master data set entry which contains the
specified key item value. The normal use for mode 7 is to read the values of items associated with
the key item in a manual master. For example in our sample data base, if a book is overdue in the
INVENTORY data set, you need to use the EMPLOYEE_NO from the INVENTORY set as the key
item value in a DBGET mode 7 in the BORROWER data set so that you can get the employee’s
phone number.

As with DBFIND, you should round real key item values to ensure proper calculation of the record
number.

You cannot use DBGET mode 7 to establish a detail chain, nor can you use DBGET mode 7 in a
detail set. Use DBFIND to establish the chain.

You can use DBGET mode 7 in an automatic master, but its use is typically limited to determining
that the specified key item value actually exists.
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Locating a Synonym Chain

Each primary entry in a master data set is the head of a synonym chain. The synonym chain links
together all of the secondary entries which “‘hashed’ to the same record numbers. If you have a
large number of different key item values which “collide” at the same record number when hashed,
you may have numerous or long synonym chains, or both.

Each CALCULATED, DIRECTED or SERIAL DBGET in a master data set establishes a synonym
chain for CHAINED DBGET reads in that set. See the ‘“‘Advanced Data Base Operations’” chapter
for more information on evaluating synonym chains and data base performance.

Reading Every Entry - DBGET modes 2 and 3

The SERIAL read DBGET modes 2 and 3 locate and read the next or previous entry in the
specified data set. The normal use for modes 2 and 3 is to either read all the data in a data set or to
search the data set for a non-search, non-key item value. For example, suppose you want to
generate a report of bocks 30 days or more overdue from our sample data base. You must perform

a SERIAL read of the INVENTORY data set and examine each BORROW_DATE item value.
Performing a SERIAL read is not the same as performing a DIRECTED read for every record in the
data set. SERIAL read always locates the next non-empty record, if there is one. DIRECTED read

can attempt to read an empty record.

You can use SERIAL read in both master and detail data sets. The normal method of performing a

SERIAL read is as follows. ( )
1. Perform a DBGET mode 4 read specifying record zero. This “‘rewinds’’ the data set to record
(‘07’.

2. Perform either a DBGET mode 2 FORWARD or mode 3 BACKWARD SERIAL read to
locate and read the first or last entry in the data set.

3. Continue reading FORWARD to the end of file (status error 11) or BACKWARD to the
beginning of file (status error 10).

Keep in mind that if you execute SERIAL reads after a CHAINED read, you can alter the current
chain if the last entry obtained by a SERIAL read contained a different search item value than the
original chain.

Rewind or Select - DBGET mode 4

DBGET mode 4, DIRECTED read, specifes the data set record desired. There are two principal
uses for mode 4: “‘rewinding”’ the data set to record ‘0", and reading an entry whose record
number your program has somehow determined.

Rewinding a Data Set

The actual {media) records in a data set are numbered from record 1. There is no record 0. Record
0 is merely a convention IMAGE uses to denote “‘no current record”. Record O has the property
that from it you can perform forward or backward reads to the first or last entries in the set or entries
on a chain.

If you are going to perform a SERIAL read, you can use DBGET mode 4 specifying record O, to : )
ensure that you are in a position to read all the entries in the set or chain.
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You can also rewind a data set with DBCLOSE mode 3, however, DBCLOSE mode 3 causes
IMAGE to clear the current chain and the current list specifer. This means that you must execute a
new DBFIND before performing any subsequent CHAINED DBGETs and the next DBPUT,
DBGET or DBUPDATE must re-establish the list specifier. DBGET mode 4 retains the current
chain and list specifier and is therefore the preferred method of rewinding a data set.

Selecting an Entry

For record number values other than zero, DBGET mode 4 attempts to read the media record
having that number. It is only an attempt because no read occurs if the record is empty (has no
entry).

In general, DIRECTED reads to other than record O are not good programming practice. If a data
base is open in shared read/write mode, another user could alter or delete an entry after you have
determined its number but before you can access it.

It may happen that you have located an entry by a time-consuming SERIAL search and need to
perform other accesses in the same data set and then return to the original entry. If you chose to do
this with a DIRECTED read, be certain to lock the data set for the duration of all accesses to it.

It is also possible for a power or hardware failure to corrupt a data base. If the data set has broken
chains as result of such a failure, and you want to recover whatever data you can, you can use
DIRECTED reads to examine each record. The preferred practice is to back up your data base
frequently and to have your data entry/update programs log their data base updates in a separate
(serial) data file. This makes it relatively simple to recover all but the last transaction.

Re-read Current Record - DBGET mode 1

DBGET mode 1 re-reads the current record of the selected data set. Mode 1 performs no entry
location operations. There must be a current record established for the data set. You can establish a
current record with any of the other DBGET modes and with DBPUT. DBFIND does not establish a
current record, instead, it rewinds the detail set to record 0.

There are two circumstances in which you might find it useful to perform a RE-READ DBGET:

o If the data entry is very large (long), you can read individual items from the entry with
successive individual re-reads. You need to employ the item-list form of the list specifier to
select each item.

e [f you are using DBOPEN mode 11 or have executed a DBCONTROL mode 1, you can use

RE-READ to verify that the data has been properly posted to the disc after each DBPUT or
DBUPDATE.

Note
The re-read performed by DBGET mode 1 can return a status error if
the current record was established by a DIRECTED read to an empty
record. It can also return a status error if another (shared) user has
deleted the entry.
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Deleting a Data Entry - DBDELETE

In the specified data set, DBDELETE deletes the entry in the current record. It returns the current
record to the empty state, and alters the pointers in the header to link the record to the end of the
free record chain. DBDELETE has two purposes:

® You can use DBDELETE to delete an entry which contains incorrect or obsolete data;

® You must use DBDELETE, followed by a DBPUT, to modify the key, search or sort items of an
entry. You cannot use DBUPDATE for this purpose.

There are different considerations for DBDELETESs in either master or detail data set. They are
summarized in the following paragraphs. One consideration common to both is that if you need to
delete all of the entries in an entire data set, you should use DBERASE and not DBDELETE.

Deleting in a Master Data Set

Keep the following in mind when deleting entries in a master data set:

® The set must be a manual master data set. You must lock the set with DBLOCK if you opened
the data base in shared read/write DBOPEN mode 1.

® You cannot delete entries in an automatic master, IMAGE performs the delete for you.

® Any chains from the entry to detail data sets must be empty. If there are any related detail
entries, you must first delete them before deleting their master entry.

o After the DBDELETE, the current record number is unchanged. The record is, of course,
empty, but you are still on the same synonym chain and can perform CHAINED DBGETs
forward and backward. If the deleted entry had no synonyms, the synonym chain no longer
exists.

e [f the deleted entry was a primary entry, and had synonyms, it is now empty but is still on the
synonym chain, as well as being on the free record chain. IMAGE/9000 does not “‘migrate”
the first secondary into the deleted entry in order to make it a primary entry. The record can be
used by subsequent DBPUT operations.

Deleting in a Detail Data Set

Keep the following considerations in mind when deleting an entry in a detail data set:

e [f you opened the data base in shared read/write DBOPEN mode 1, you must lock the detail
set and all related masters with DBLOCK.

® The current record number and current chain are unchanged after a DBDELETE. The record
is empty, but you can still perform CHAINED DBGETs forward to the next entry and back-
ward to the previous entry. If you go in one direction and then the other, you do not return to
the deleted record.

o [f the deleted entry was the last entry linked to an entry in an automatic master, IMAGE
automatically deletes the master entry.
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Modifying Data in the Data Base - DBUPDATE

There are two ways to modify data in a data entry:

e Change one or more items in the entry with DBUPDATE.
o Delete the entry with DBDELETE and replace it with DBPUT.

DBUPDATE modifies the current entry in the specified data set. DBUPDATE cannot locate an
entry (establish a current record). Normally you have executed a DBGET to locate the entry you
wish to update. A prior DBGET is not required. You can also establish the current entry with a
DBPUT. DBUPDATE specifies new data values for items in that entry. The items cannot be key,
search or sort items. You cannot use DBUPDATE in an automatic master.

DBUPDATE is like DBPUT in that you specify a list mode and the data value(s) to write to the
entry. DBUPDATE is unlike DBPUT in that IMAGE does not use null (default) values for items
omitted from the list. If you do not supply a value for an item, it remains unchanged.

Subject to the limitations of your password, you can always perform a DBDELETE/DBPUT. You
cannot always perform a DBUPDATE. Nonetheless, DBUPDATE is useful because it is simpler and
quicker than DBDELETE/DBPUT. Like DBPUT, you must have the data base open in one of the
read/write DBOPEN modes (1, 3 or 11). You cannot perform a DBUPDATE in read-only DBOPEN
mode 8.

If you opened the data base in shared read/write DBOPEN mode 1, then like DBPUT, you must
lock the set with DBLOCK. Unlike DBPUT, in a detail set, you do not need to lock related masters.

Note
When you modify an entry with DBUPDATE, none of the chain poin-
ters change. The entry is still in the same position on each chain.
However, it is no longer in its chronological location on those chains. If

having entries in proper chrononlogical order is important, do not use
DBUPDATE. Use a DBDELETE followed by a DBPUT instead.

The reason that you cannot always perform a DBUPDATE is that DBUPDATE cannot relocate the
record or change chain pointers. If you could change a key item value, IMAGE would have to move
the record so that the new hash value pointed to it. If you could change a search item, IMAGE
would have to link it to a new chain. If you could change a sort item, IMAGE would have to consult
the root file to determine that it is a sort item, and then change the chain pointers for the related
search item(s). All of these activities would take as much time as DBDELETE/DBPUT. To provide
good performance you can only alter non-key, non-search, non-sort items. You can specify key,
search and sort items, but their values must match those already in the data entry.
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Coordinating Access - DBLOCK/DBUNLOCK

The DBLOCK intrinsic gives your program temporary exclusive write access to one or more data
sets, or the entire data base. It does this by preventing other users from executing DBLOCK
intrinsics specifying any of the same portions of the data base.

If you have a data base open in shared write DBOPEN mode 1, IMAGE requires that you lock the
affected data sets, or the entire data base, during DBPUT, DBUPDATE and DBDELETE opera-
tions. Locking is not required for DBINFO, DBFIND and DBGET operations, nor are these opera-
tions denied access to data sets by any locks in effect.

When you perform a DBLOCK, the lock is placed on the data base number. The data set or data
base is said to be locked to that data base number. If you have the data base open to more than one
data base number, your own program is denied write access to the affected data sets via the
unlocked data base numbers.

How Not to Use Locking

Because locking is not required for DBFIND and DBGET operations in DBOPEN mode 1, it is not
generally sufficient to lock the data set/base just for the write operation. Consider the following case

in which two users want to revise the price of a book in the BOOK data set. The example starts just
after their DBFINDs.

User One User Two

! !
DBGET(B%,"BOOK" ,5,S(%) ,"PRICE" yPrice s})

! !

! DBGET(B%,"BOOK" »5,5(%),"PRICE" sPrice s¥
! !

Price=Price+2,00 )

DBLOCK (B%$ ,"BOOK" +3,5(%)) !

DBUPDATE(B$ ,"BOOK" (%) ,1,5(%) ,"PRICE" Price)

DBUNLOCK(B$ »"BOOK" ;2 ,S(%)) !

! !

! Price=Price+3,00

) DBLOCK(B$ s"BOOK" +3+5(%))

! DBUPDATE(B% »"BOOK" +1 ,S(%) ,"PRICE" yPrice)
I} DBUNLOCK (B$ »"BOOK" +2,5(%))

! !

Improper Use of Locking

Both of these requests execute without error, but the data in the data base is now incorrect. The
final book price is not the old price plus 5.00, but the old price plus 3.00. Both users updated the
original price.

Other errors are possible if you perform locking only ‘“‘around” the DBPUT, DBUPDATE or
DBDELETE intrinsic. For example, if user one had performed a DBDELETE instead of the DBUP-
DATE, user two’s DBUPDATE would fail, returning a status error.
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The Correct Way to Use Locking

To avoid invalid data and unexpected status errors, you should perform locking around your entire
“transaction”. If you are performing a DBFIND, followed by a one or more DBGETS, and finally a
DBPUT, DBUPDATE or DBDELETE, you should perform the DBLOCK prior to the DBFIND.

Here is the previous example with correct locking. User two’s entire update is deferred until user
one’s update is complete. When both users are finished, the book price is the old price plus 5.00.

User One User Two

! !

DBLOCK (B$ ,"BODK" +3:5(%)) l

DBFIND(..., !

DBGET(B% »"BOOK" +5,5(*) "PRICE" sPrices}) Price=Price+2.00 !
DBUPDATE(B%$ ,"BOOK" (%) ,1,5(*),"PRICE" sPrice)

DBUNLOCK (B$,"BOOK" »2+S(%)) |

! DBLOCK (B% »"BODK" +3 5 (%))

! DBFIND (.4,

i DBGET(B%,"BO0OK" +5+5(*) ,"PRICE" sPrice +})
! Price=Price+3,00

! DBUPDATE(B$+"BOOK" +1+5(*) ,“"PRICE" ,Price)
i DBUNLDCK (B$ »"BODK" +2 S (%))

! !

Proper use of Locking

Locking With and Without Wait

Whenever you execute a DBLOCK, you must consider the possibility that one or more of the data

sets you are trying to lock may already be locked to another data base number. In the coding of the
DBLOCK, you have two choices:

® The execution of your program can be suspended until all of the sets are available. This is
known as locking “‘with wait”’. Your program waits until the lock is granted.

@ Your program can continue executing whether or not the lock is granted. In this case, known

as locking “‘without wait”’, you must examine Status array element 3 after the DBLOCK to
determine if the lock was granted.

The following table summarizes the DBLOCK modes. The paragraphs following discuss the locking
of the different portions of the data base.

Lock Locked Portion Data Set List
Mode of Data Base Wait? Specifies

1 Entire data base With wait <ignored>

2 Entire data base Without wait | <ignored>

3 Data set With wait A single set

4 Data set Without wait | A single set

7 One or more sets | With wait A list of sets

8 One or more sets | Without wait | A list of sets

DBLOCK Modes
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Locked Portion of Data Base

In the DBLOCK intrinsic, you can lock a single set, multiple sets or the entire data base. This section
discusses how to decide what to lock, and how IMAGE allocates the lock(s).

What Should You Lock?

You are only required to lock those data sets in which you are actually adding or changing data or
pointers. For example, when you add an entry in a detail set, it causes changes to pointers in related
master entries. It can also cause the addition of an entry to an automatic master.

You have seen that you should generally execute DBLOCK earlier than it is actually required.
Likewise, in many cases you should lock more than just the required sets. For example, if you are
performing a DBUPDATE in a detail set, you may want to lock related manual masters so that
another user cannot change non-key information related to the chain you are using.

Intrinsic & Access You Must Lock... You Should Lock....
DBPUT, Master Master Master

DBPUT, Detail Master and Detail Master and Detail
DBUPDATE, Master Master Master

DBUPDATE, Detail Detail Master and Detail
DBDELETE, Master Master Master

DBDELETE, Detail Master and Detail Master and Detail
DBFIND None Master and Detail
DBGET, Master None Master

DBGET, Detail None Master and Detail
DBINFO mode 504* None Entire Data Base
DBINFO, other modes None None

DBBUFFER None None
DBCONTROL None None

DBOPEN n.a. n.a.

DBCLOSE na. n.a. B

* Requests modification count.

Suggested Locking
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IMAGE Lock Allocation

There is no practical difference between a DBLOCK operation requesting the entire data base
(modes 1,2) and a single DBLOCK which requests all of the sets (modes 7,8). In either case, with or
without wait, your program obtains all of the sets or none. The same is true of modes 5 and 6.
IMAGE grants either your entire request or none of it. Conversely, when you execute a DBUN-
LOCK, you can release any number of sets, or all of them, regardless of how you obtained the
locks.

There is a difference between locking some number of sets in a single statement and in multiple
statements. To prevent “‘deadlock’, IMAGE does not allow you to execute a DBLOCK with wait if
you already have any locks in effect on any data bases opened in your program.

If you need to ‘‘accumulate” locks on sets, it is suggested that you not execute DBLOCKs without
wait while you have a lock in effect. To do this you generally need to test Status(3) and re-execute
the DBLOCK at a later time. If you do this, you can effectively cause a situation similar to the
deadlock IMAGE is trying to prevent. In the following example, the two users are trying to lock sets
“INVENTORY” and “BOOK” using separate DBLOCKs.
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User One User Two

i} i}

100 DBLOCK (Base$ s"INVENTORY s3s5tatus{(*))

) i}

l 100 DBLDOCK{(Base$ ;"BDDK"+3sStatus(*))
! I

200 DBLOCK(Base%,"BOOK" +4,S5tatus(*))

210 IF Status(1)=20 THEN GOTO 200

) )

l 200 DBLOCK(Base% )"INVENTORY" »45tatus (%))
! 210G IF Status(1)=20 THEN GOTO 200

) )

In this example, both programs successfully obtain their first lock, but neither can obtain their
second lock because the other program has the lock. Both programs loop indefinitely attemp-
ting to obtain the lock.

If you have only a single data base open, the proper way to increase (or change) the sets on
which you have locks is as follows:

® Release all of the old locks you have in effect with DBUNLOCK.
® Request all of the new locks you require with a new DBLOCK.
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Reading the ROOT File - DBINFO

DBINFO returns information from the data base ROOT file to a packing variable. It does not
provide access to all of the information in the ROOT file: for example, you cannot read passwords.

Why do you need DBINFO ?

The IMAGE intrinsics introduced so far require that you know the following about the data base:

e the file specifier of the data base and a valid data base password;
® name of the data set you want to access;

® the name of any data items you want to access;

® the type and size of the data item.

This provides your data base program with a significant amount of independence from the structure
of the data base: however, should you re-create the data base with an item removed or an item
type changed, you do have to change your program if you are not using DBINFO.

You can avoid program changes by having your programs request data base information with
DBINFO. DBINFO can return all of the information in the previous list with the exception of the
data base specifier and password.

Although you can write a program which has variables and constants that describe every aspect of

the data base, this is not suggested. In fact, it defeats a major purpose of using a data base: program (")
independence. IMAGE provides the DBINFO intrinsic so that your program can ‘‘read” the root file -
and obtain all the information your program requires to correctly access the data base as it is

currently structured.

This section of the manual does not discuss every possible use of DBINFO. It covers the two most
important uses: retrieving type extension values and program independence from the data base.

Using CODEs and Type Extensions (BASIC Only)

The data type CODE and the type extensions PICTURE, PSEUDONYM and RANGE are provided
primarily for use with the QUERY subsystem available with IMAGE/9000 for the BASIC Language
System. If you want to use these features in your own programs, you must perform DBINFO
requests, as QUERY does.

Using CODEs - DBINFO mode 108 (BASIC Only)

The CODE (C2) data type is a special case of the integer data type. The value stored in a data entry
should always be an integer in the range 0 through 32. What distingushes CODE from the ordinary
12 integer data type, and gives it its usefulness, are the CODE values stored in the root file. CODE
values are strings. For a given CODE item, each CODE value in the root file is matched to a CODE
number. The following table shows an example from the sample data base.



Data Base Access

Item: LOCATION

CODE value stored in root file by CODE number you store in
SCHEMA/DEFINE and accessed data entry
via DBINFO mode 108

“MANAGEMENT ”
“MARKETING "
“PRODUCTION 7
“R&D 7
“FINANCE Y
“PERSONNEL "
‘ LQA 1

Sample Code Values and Numbers

NN W=

Although you have defined a data item as a CODE type, you cannot store its CODE value in a data
entry. You can only store its CODE number. This means that your program must correlate the
CODE value and number. You do this with DBINFO mode 108, which retrieves the table of CODE
values defined for the item. The packing variable consists of an integer denoting the number of
CODE values in the variable, followed by an ordered list of the CODE values. Each value is 16
characters long.

If your program has the CODE value, you must search the table of CODE values returned in the
packing variable. Once you know at which starting byte the CODE value is found, you can calculate
the associated CODE number with the algorithm:

Code_number = {(Start_bvte - 2) / 16

If your program has read a CODE number (with DBGET), you can locate the CODE value in the
packing string with the following algorithm:

Start.bvte = {Code_number * 16) - 14

Keep in mind that if DBGET returns a CODE number of 0, that denotes that the NULL value of
the item was stored in the entry. The interpretation of the meaning of the null value is your
responsibility because CODE number 0 has no CODE value.

If your program performs frequent CODE correlations using DBINFO mode 108, you can
improve performance by loading the table of all CODE values into system memory with
DBCONTROL. You can also avoid redundant DBINFO mode 108 operations by reading the
CODE values once into global or common program variables and then accessing only the
variables thereafter.

Note
IMAGE does not perform any conversions of CODE values to CODE
numbers, nor does it check your CODE number to ensure that it is in
the range 1 through 32. It is your responsibility to perform these
operations. If another user of the data base does not observe this

convention, a DBGET can return CODE numbers outside the range
0 through 32.
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Using the PICTURE Extension - DBINFO mode 109 (BASIC Only)

Each data item in a data base has an associated PICTURE word stored in the root file. The
PICTURE word is a double integer. The PICTURE word has any meaning that you care to give it.
QUERY defines many common meanings to data items via PICTURE word values. For example, a
PICTURE value of -536870912 (EO000000 hex) means that the associated string item is a name.
The associated string should be stored in the form:

“Lastname,Firstname Middle, Title”

IMAGE does not automatically perform any checks on data values which have a non-zero PIC-
TURE word. It is your responsibility to perform a DBINFO mode 109, evaluate the result, and
convert your data to the appropriate form before performing a DBPUT. The advantage of the
PICTURE word is that other programs (like QUERY) that read your data with DBGET can deter-
mine the form of the data.

Appendix Q discusses the QUERY data types. Note that there is a large range of values for the
PICTURE word which are undefined. If you want to “‘invent’” any new interpretations for PICTURE
word values, you should select a value from the undefined range.

Note
The interpretation of the PICTURE word is a convention. Each program
that performs a DBPUT, DBGET or DBUPDATE must subscribe to the
convention in order for the PICTURE word to accurately describe the m
data in the data base.

Using the PSEUDONYM Extension - DBINFO mode 101 (BASIC Only)

One advantage of an IMAGE data base is that your programs can be independent of the structure
of a data entry. They only need to supply the name of a data item and not its location in the entry.
Normally you choose a simple, meaningful name for data items.

If your program interactively requests item names from a user, that user may not know all of the
item names exactly. You may want to offer users of your programs the capability to enter any one
of several “alias” or pseudonym names. Pseudonyms you should consider are: abbreviations,
synonyms and common misspellings.

IMAGE does not accept PSEUDONYM names in DBPUT, DBGET and DBUPATE. It accepts only
the DEFINE/SCHEMA item names. When supplied with a PSEUDONYM, your program must
invoke DBINFO mode 101 to determine the item number. You can then use the item number in
DBPUT, DBGET and DBUPDATE. You can also use the item number in DBINFO mode 102 if you
want to determine the true item name.
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If you want the complete list of PSEUDONYMs for any item, use DBINFO mode 107. If your
program performs frequent PSEUDONYM correlations using DBINFO mode 107, you can im-
prove performance by loading the table of all PSEUDONYM values into system memory with
DBCONTROL. You can also avoid redundant DBINFO mode 107 operations by reading the
PSEUDONYM values once into global or common program arrays and then accessing only the
arrays thereafter.

IMAGE does not case-fold item names. “AUTHOR” is not the same as ‘“‘Author’ or “‘author”.
Since you can define only four PSEUDONYMs per item and a maximum of 255 PSEUDONYMs
per data base, it is suggested that you not use PSEUDONYMs to handle upper and lower case
variations of item names. Use the string operators and functions of your programming language to
convert entered names to a standard form.

Using the RANGE Extension - DBINFO mode 109 (BASIC Only)

Each data item in the data base has an associated pair of RANGE values in the root file. You specify
(or default) the RANGE values for each item in the schema or during DEFINE. IMAGE ignores the
RANGE values during DBPUT and DBUPDATE. If you want to validate entered data item values
against the item’s RANGE, you must request the RANGE values with DBINFO mode 109.
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Chapter i}

Data Base Maintenance

. Computer
Museum

Introduction

IMAGE is designed to provide a higher level of data integrity than conventional file access methods.
There is the possibility, however, of losing data or structural information due to hardware failure, or
an operator error. For example, if you turn off the computer’s power while a data base is open in
read/write mode 11!, data base modifications may not have been written to disc, and are lost.
When data or structural information is lost, the data base is said to be corrupt. It is essential that you
adopt one or more strategies in anticipation of possible trouble. The first two sections of this chapter
deal with data base backup and recovery.

As your data base accumulates data, you may find that your original estimates for data base
capacity were inaccurate and you may need to increase the size of one or more sets. Also, unless
you are an experienced data base designer, you may decide that your data base would serve you
better if it had a slightly different structure. To change it, you need to create a new data base and
copy the old data to it. The third section of this chapter deals with restructuring and discusses how
to extend, unload and re-load your data base.

The Utility Intrinsics

This chapter introduces many of the uses of the utility intrinsics DBCREATE, DBERASE, DBEX-
TEND and DBPURGE and DBSTATUS. These intrinsics are unlike the data base management
intrinsics in that the data base they specify must be closed. When executed, these intrinsics open the
data base (exclusively), perform their operation, and close it.

With the exception of DBSTATUS, the utility intrinsics require a special password to perform their
operations. This password is called the maintenance word. The maintenance word is not one of the
DBOPEN passwords, although you can define it to be the same as one of them. You establish the
maintenance word when you create the data sets with the DBCREATE utility. Once assigned, you
can normally only change it by purging and re-creating the sets. If you have QUERY, you can also
use it to change the maintenance word.

Data Base Validation

You should inspect your data base periodically to insure that it is not corrupt. It is especially
important to do this prior to data base backup. A backup of a corrupt data base is worthless. When
you are testing your data base programs, it is also reassuring to know that unexpected results are
not due to a corrupt data base.

There are two methods of verifying that your data base is not corrupt. The first provides a quick

“snapshot” of the state of the data base and reports any problems that IMAGE has already
recorded. The second is exhaustive, and can find problems not yet detected.

1 BASIC only
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The Snapshot - DBSTATUS

This is a statement in BASIC and a command in HP-UX. It generates a report of the state of the
data base. The form of the report is similar to a file directory listing. One of the columns of the
report, STATUS, reports the state of each data set. IMAGE maintains a record in the root file for
each set. This record has one of four states: ERASED, OK. PURGED and CORRUPT.

When a data set has no data entries because it has just been created (DBCREATE) or because it
has just been erased (DBERASE), its status is ERASED. If it contains no entries because they have
all been deleted, its status is not ERASED, but OK.

When you add the first entry to a created set (DBPUT), its status changes from ERASED to OK. It
normally remains OK until erased (DBERASE) or purged (DBPURGE).

If you purge a data set with DBPURGE, IMAGE records its status as PURGED. If you purge a data
set with any other purge command, this fact is not recorded in the root file. The set’s status remains
unchanged until the next access via IMAGE.

If IMAGE detects an error during data base access, such as a broken chain, it sets the STATUS to
CORRUPT. If one or more data sets is CORRUPT you can only open the data base in read-only
mode. By specifying DBOPEN mode 8, IMAGE returns a status error of 94, but the data base is
open. See the “Corrupt Data Base Recovery” section of this chapter for more information about
this access mode.

DBSTATUS does not detect any errors not already recorded. It merely provides a look at the
record.

Exhaustive Validation

If you want to verify that all data entries are not corrupt, you need to write a simple program to do
so. This process is very time consuming. You should only consider it for a small data base. The
program must perform the following steps:

1. Open each master data set

2. Perform a SERIAL DBGET to obtain each occupied record

3. Perform a DBFIND for each linked detail set and each key item value found.
4

Execute a complete series of FORWARD CHAINED DBGETs until end of chain and BACK-
WARD DBGETs until beginning of chain.

This process also does not check free record chains. This is not generally a problem because the
data is valid up to the time the broken free chain is detected. At that point you can unload the set,
erase it and reload it.
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Data Base Backup

Backing up a data base means making a copy of the item data, data set and root files or the volume
on which the data base resides. If your data base becomes corrupt, you can re-build the entries,
replace the data sets or replace the volume. There are four issues to consider in selecting a backup
strategy:

e if you need to use the backup data base, how to bring it ““up to date”;

e what technique to use;

® how frequently to back up your data base;

® how long to retain the backup copies.

It is not enough to simply back up your data base. As soon as the next modification occurs, the
backup copy is out of date. If you need to use that backup copy, some data has been lost. How do
you re-enter the lost data?

The general rule for backup technique is: select a method that is both easy enough to encourage its
regular use and fast enough to permit a rapid recovery.

The general rule for frequency of backup is: don’t risk losing any more information than you care to
re-enter.

The general rule for backup retention is: forever. Because this may not be practical, the following
sections discuss the implications of this and the other issues, and offer some suggestions.

Note

Whenever you back up a data base, the data base should be closed to
modification while the backup is in progress. If you back up a data base
open in a read/write mode, the backup copy is likely to be corrupt when
restored.

Re-entry of Data

Regardless of how frequently you back up your data base, if you have to use the backup copy, you
will probably need to re-enter some of the data lost from the original data base. There are two ways
to do this: re-enter the data manually, or; re-enter the data programmatically.

Manual Data Re-entry

You may update your data base infrequently and back it up after each “‘session”. If so, you may
find that the most appropriate method for bringing the backup data base up to date is to simply run
your application program and enter the data in same way that you entered it originally.

This method requires only that you retain a record of the original data. If you enter the data from
documents, retain or duplicate those documents. If the information entered did not originate on a
document, you may want to print out a record of each data base update. You can use this printed
record to re-enter the data.
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Programmatic Data Re-entry

If you are updating your data base frequently, it is always inconvenient, and often unacceptable to
re-enter the lost data manually. Also, even if you are not updating the data base frequently, when
you discover that the data base is corrupt, it may turn out that is has been corrupt for some time,
and that one or more backup copies are also corrupt. In this case, your data base could be “‘down”
for a considerable time while you re-enter data for a very old backup.

The best way to avoid these difficulties is to have your data entry programs generate a separate
copy of the modifications made to the data base. This technique is called transaction logging or
journalling. Transaction logging requires additional programming, but you can create a very simple
system with the following technique. Use it for each program which modifies (DBPUT, DBUP-
DATE, DBDELETE) any data base.

1. When the program starts, create a log file with a unique name. You can construct the file
name from the program name, data base name, date, time of day, or some combination of
these which prevents duplicate file names, but still identifies the data.

2. If possible, the journal file should be on separate mass storage device from the data base.

3. Before each DBOPEN, DBPUT, DBUPDATE, DBDELETE and DBCLOSE operation the
program performs, write a record of that operation to the journal file. Unless performance
considerations require binary data, the data you write to the journal file should be character
data. This allows you to view and/or edit the file with your environment’s text editor. In
BASIC, you should write a sequence (line) number before each data value.

4. Write an end of file (EOF) mark immediately upon creation or opening of the journal file. For ( ’
each transaction, back up one record, write the data for each the intrinsic data followed by
another EQF. In the BASIC Language System, this can be done easily with a DATA type file.

5. For each IMAGE intrinsic, write the name of the intrinsic and each parameter except the
status array as a separate line or record. Write each data item value in a DBPUT, DBDELETE
or DBUPDATE as a separate line. Here is a sample journal of a DBPUT compatible with the

BASIC editor.

111 DBPUT

112 O3LIBRARY :CS5804+7
113 SET»LIBRARY

114 MODE »1

113 LIST@

116 K25 ) WAREHOUSE 32

!
!
|
|
i
!
117 1 X30(1),433 WASHINGTON ST.
!
|
|
!
[

118 K30(2) »TIMNATH

119 A30(3),C0 BO347

120 K23 H»FINSTER,PERCIVAL Q.
121 A14,(303) 5585-1212

124 DBUPDATE
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When you need to use your backup data base, restore it, and then execute your lost-data recovery
program. This program merely opens the journal file and follows the instructions it finds there. If
you take the additional measure of prefixing each data item value with its SCHEMA type identifier
(12, R8, etc.) or even its item name, you can write a single data recovery program which can be
used with any data base and journal file in your system.

If you retain the journal files, you could actually recover a data base that had no other backup. You
would re-create it and process all of the journal files. This is not recommended, however, because
any recovery program which executes IMAGE intrinsics takes longer to execute than a utility which
merely copies entire data set files. Also, transaction logging relies on the convention that all
modifications to the data base are logged. If @ user modified the data base with a non-participating
program, such as QUERY, the reconstructed data base would have incorrect or incomplete data.
You should use a journal file only to bring the most recent backup up to date.

Backup Techniques

When you choose a data base backup method, you need to decide what it is that you want to back
up. There are three levels you can select.

® You can back up just the data and not the data base structure. This method normally treats
each data entry as a separate record. This is the method used by QUERY/UNLOAD.

® You can back up both the structure and content of entire data sets by treating them as files, the
method used by QUERY/BACKUP.

® You can back up an entire data base subdirectory or even an entire volume. This requires a
physical copy of the disc media.

Entry Level Backups

The transaction logging discussed in the previous section is an example of an entry-level backup.
For each modification of a data entry, a record is written to the journal file. Transaction logging
occurs in “‘real-time” and is not usually considered a backup technique. The more common
implementation is, at one time, to read every entry in the data base and write it to a backup file.

To perform an entry backup, you need to open each data set to be backed up and execute a
SERIAL read for every entry in the set. The data values in each entry are written to the backup file.
Entry backups are the slowest method of performing backup and are therefore not preferred,
except when implemented in a transaction logging scheme.

Entry copying is recommended for data base restructuring, and is discussed in that section of this
chapter.

File Level Backups

File level backup simply treats the root file and the data sets as ordinary data files. These files are, in
fact, just data files. However, they have special file types and cannot be accessed by the file system
intrinsics of your environment. This prevents accidental and unauthorized access to their data.
Consequently, to perform a file backup, you must use a system intrinsic such as COPY (BASIC).

In the BASIC Language System, you can copy individual ROOT and DSET files with the COPY
statement or the DISC_COPY utility program. You can also use the DBBACKUP capability of
QUERY.

In HP-UX, use tar or cp. You must have super user access to do this.
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Directory and Volume Level Backups

Your environment also supports utility programs that make a sector-by-sector or track-by-track
copy of discs. These utilities are usually the fastest. If your data base is in use more than eight hours
a day, you may only be able to close it for a short period of time. In this case, making a fast “‘binary
disc image’’ copy of the data base subdirectory or the entire medium, may be the only choice.

The disadvantage of copies made at this level is that if you need to restore just a single data set, you
may have to restore the entire directory or volume.

In the BASIC Language System, you can use the DISC_COPY program to copy an entire subdirec-
tory, and the DISC_BACKUP program to copy an entire volume.

In HP-UX use the normal nightly backup.

Partial Backup

If you have a large data base or one in which most of the updates are restricted to a few sets, you
may be tempted to back up just those sets. For example, in the sample LIBRARY data base, the
INVENTORY data set changes daily, but the BOOK data set only changes when a new shipment of
books arrive, or old books are sold. It is not sufficient to backup the INVENTORY set daily and the
whole data base monthly. A change to the INVENTORY set can affect pointers in every related
master data set and the root file.

Note

Due to the difficulty of assuring that the root file and related data sets
reflect the correct state of a restored data set, you should always back
up and restore the entire data base if you are using a file or volume-level
technique. Only if you are using an entry-level technique can you be
assured that the data base structure is correct after restoring part of the
data base.

Frequency of Backup

Once you have selected a method for re-entering lost data, and have considered the backup
techniques available, you need to decide how often to perform backup. To decide, you should
consider how long it takes to recover from a problem. Here are some issues to consider.

e [s the most recent backup copy of the data base also corrupt? This is quite often the case if you
discover that people have been adding systematically incorrect data to the data base. You can
minimize the possibility of a corrupt structure by performing validation prior to backup.

e How long does it take to load the backup? Is there a person available to perform the recovery
at all times? s the backup disc or tape on site? Does the type of backup require that the system
disc be off-line or unavailable to other users?

® How long does it take to re-enter lost data either manually or from the transaction log files?
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Backup After Session

If you update your data base infrequently, an exhaustive analysis may not be necessary. In a casual
data base, or one which is primarily read-only, a suitable backup technique is to provide backup
capability in each program which can modify the data base. At the end of the session of updates,
the program performs a backup.

At DBCLOSE, have the program prompt the user and inquire if a backup is desired. In cases where
no physical interaction, such as mounting a tape, is required, the program can simply perform the
backup automatically

Backup on Modification Count
You may prefer to perform backup only after a fixed number of updates. For example, to limit the
size of the transaction log file, you may want to backup after every 1000 modifications.

An easy way to accomplish this is to have your program request the data base Modification Count
with DBINFO mode 504 just after DBOPEN and just before DBCLOSE. If the count “passed
through” a multiple of 1000 while the data base was open, the program can perform or request a
backup operation.

Note

HP-supplied data base backup utilities set the modification count to zero
on successful completion. A DBERASE or DBPURGE/DBCREATE of
the entire data base also resets the counter to zero.

Scheduled Backups

With heavily used data bases, especially in multi-user environments, it is best not to rely on the data
base users to perform backup. Backup is more likely to be reliably performed as part of regularly
scheduled system maintenance. If one person is responsible for backup of the system’s disc drives,
that person should also backup the data bases, either as part of disc drive backup or as a separate
operation.

If you have scheduled preventative maintenance on your system, you should always perform a
backup of serviced disc drives prior to turning the system over to your HP Customer Engineer (CE).
Should a problem be found in a sealed “‘internal’’ disc drive, the CE may need to replace the drive
assembly. Needless to say, your data is not on the replacement disc platters.

Backup Retention

The first step in developing a procedure for backup retention is to determine whether any policies
or regulations apply to your data. For example, many organizations are required by their insurance
carriers to store backup copies of magnetic media either off-site or in a fireproof safe. Also, if your
data base contains information related to product safety, the length of time you must retain the
information may be established by statute or regulation.
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Media Selection
You have three choices in backup media: flexible disc, V4-inch data cartridge and Y2-inch magnetic
tape. When selecting a medium, you need to consider capacity, cost, time and convenience.

Capacity may rule out the use of flexible discs. These discs are available in capacities of .25 to 1.2
million bytes (Mb). If any data set in your data base exceeds the size of the flexible disc, the backup
process becomes significantly more complicated. No HP-supplied utility can copy a single data set
file to more than a single flexible disc.

If you perform backups often, cost may also rule out the use of flexible discs. Flexible discs are more
expensive than tape media. Y2-inch 9-track magnetic tape is slightly less expensive than Va-inch
88140L/S data cartridges, but the initial cost of a 9-track tape drive is considerably higher than the
incremental cost of a a-inch cartridge drive in a CS80 disc.

In terms of time and convenience, the fastest media are the magnetic tapes and the most conve-
nient are the flexible discs. You could actually access a backed-up data set directly on its backup
disc. Tapes must be restored to disc before data base access is possible.

Media Labels

Regardless of how often you back up your data base and how careful you are about storing the
media, the backup is useless if it is not properly identified. Here are some suggestions for labelling
the media:

® [abel the medium and not the container. If the tape reel or cartridge has a separate canister or (’)
box container, do not label the container unless both it and the medium bear the same serial
number.

o [dentify the backup format, especially if you are using your own backup program. If you do not
identify the backup program name and revision, it may be impossible in later years to deter-
mine what the form of the data is.

o [dentify the data base and what portion of the data base that the backup represents. This is
especially important if you are performing a partial backup.

o [dentify the schema. If you ever restructure the data base, the use of prior backups becomes
more complicated. A good way to identity the data base structure is to back up a copy of the
schema with the data base.

IMAGE/9000 Data Base Backup

Date performed: Performed by:
Utility/version: System/version:
Data Base: Schema version:
Source disc type: Destroy date:
Files saved:

Sample Data Base Backup Label
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Media Rotation
You should use new media for backup operations. If this is not practical, you can re-cycle old
backups or other ‘‘scratch” media provided you do so with caution.

o [f you are re-using a medium, do not just purge the “‘scratch’” data or files on it. Completely
re-initialize the medium. This is especially important for heavily used flexible discs. The in-
itialization process locates any questionable areas and makes them unavailable for data.

e ]f you are writing your own backup programs, verify the data. That is, as you write each record,
back up, read it and compare it to the original data.

e If you find media errors, investigate. For example, on 9-track magnetic tape, if you see the
drive reels reversing direction and re-trying, stop the operation, clean the tape heads and
restart. If the problem occurs again, use a different tape.

o If you are re-cycling old backups, do not simply take the oldest backup. Never re-use the only
backup. Establish a formula for re-using more and more of the older backups, but never use
them all. For example, if you back up weekly, retain all of the current month’s backups, one for
each month of the current year, one per quarter for the previous year and one per prior year.

Corrupt Data Base Recovery

The first step in recovering from a data base problem is to identify the extent of the problem. Is the
data simply invalid, or is the data base structure corrupt as well? Does the problem affect only data
sets, or is the root file corrupt too? You should also try to identify the cause of the problem. In some
cases, such as a power failure, the cause is obvious. In others, the problem may be more subtle.

The next step in the recovery process depends on whether or not you have a backup. If you do not,
or if you find that your backup is corrupt, special techniques are required. These are discussed at
the end of this section.

Recovery From a Backup

Just as with the backup process, there are two levels at which you can perform recovery. You can
recover just the data or the entire data base. The type of backup you performed affects your
options, but you should start with a damage assessment.

Bad Data Recovery

If you discover that your data base simply contains bad data, the data base itself is probably not
corrupt. Bad data usually results from errors in the source data, operator error or programming
error.

You should start the recovery process by establishing an “audit trail” of the steps by which the data
entered the data base. If you have a transaction log, you should examine it to ensure that correct
data was entered to your program.

Once you have identified the point in the process or the point in time at which the problem
occurred, you need to restore the latest valid backup, and re-enter the correct data since that time.



4-10 Data Base Maintenance

Entry-level Recovery

If your backup was performed at the entry or record level, you need to have an empty data set or
data base to perform the recovery. If the structure of the data base is intact, you can simply erase
the sets with DBERASE and run the recovery program.

If the data set file structure is also damaged, but the root file is undamaged, you can purge the sets
with DBPURGE and re-create them with DBCREATE. In this case you do not need to erase them.
Note, however, that DBPURGE/DBCREATE re-creates the sets with their defined capacities. If you
had extended the original sets with DBEXTEND, you must extend the re-created sets.

If the root file is also damaged (or purged), you need to re-create the entire data base. If you cannot
use DBPURGE to destroy the old sets, you may need to use a file system command (PURGE, rm,
rmdir) to purge the files. When they are all purged, recreate the data base with SCHEMA or
QUERY/DEFINE.

Set-level Recovery

If you saved the data base as a series of files, you must restore all of the sets and the root file. This
generally requires that you purge the current (corrupt) data base. You do not re-create the data
base with either SCHEMA or DBCREATE. The backup files are restored with their IMAGE struc-
tures intact.

Volume-level recovery _

In general, volume recovery automatically destroys any old copy of whatever is being restored. It O
may also destroy other files. Before beginning a volume restore operation, you should make a file B
copy of every file on the disc which may have changed since the backup, for example, the

transaction log.

Recovery Without a Backup

To recover a data base that has no backup requires that you first assess the damage. The recovery
process is straightforward if only the data is corrupt. If the IMAGE pointers are corrupt, recovery is
more difficult, but still possible. If the data set file structure or the root file is damaged, recovery may
be impossible.

Bad Data Only
If the data base structure is intact, but your data is invalid, you need to write a program to either
correct the data or delete and re-enter it.

Bad IMAGE Pointers

If a problem such as a disc hardware failure has corrupted your data set’s chain pointers, you can
still retrieve the data. You should write a program which opens the data base in DBOPEN mode 8.
IMAGE returns a status error of 94, but the data base is still open.

Establish a destination data file for each manual master and detail data set. Open each data set and
perform a DIRECTED DBGET for every record in the data set. If the record is occupied, write its
data values to the destination file.

After saving all of the data, purge the data sets with DBPURGE. If the root file is not corrupt, )
re-create the data sets with DBCREATE. [f the root file is corrupt, purge it as well and re-create the
data base with SCHEMA or QUERY/DEFINE.
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Re-open the new, empty, data base. For each manual master data set, open the saved data file and
use DBPUT to re-enter the data. When all the manual masters are set up, use DBPUT to restore the
data to all the detail sets. Save the backup program you have just written for future use.

Corrupt Root File or File System

If the data base root file is damaged, or the file structure of the data sets are damaged, you may not
be able to recover any data. Consult your local HP Sales and Support office. Your local HP
Systems Engineer (SE) may have software tools which provide access to data sets as ordinary data
files or tools which provide access to physical tracks and sectors on the disc.

Purged Data Set Files

If your data base has been corrupted because one or more data set files have been purged by
means other than DBPURGE, you must purge them from the root file before you can re-create
them. To do this, use the DBPURGE intrinsic and include an “*”’ (asterisk) in the set list, for
example:

DBPURGE ("DATA_BASE" ySETS "NAME_SET »*i")

Data Base Restructure

There are generally two reasons for restructuring a data base. The first is because you have filled
one or more data sets and need more capacity. The second is because your data needs have
changed.

IMAGE provides a simple tool for increasing data set capacity. IMAGE does not provide tools for
making other structural changes to the data base. These changes generally require saving the data
from the data base, creating the new data base and restoring the data. The process is no more
complicated than writing an entry-level backup and restore program.

Increasing Data Set Capacity - DBEXTEND

The root file of the data base records two capacity values for each data set: the defined capacity and
the actual capacity. The defined capacity is the capacity specified during SCHEMA or QUERY/
DEFINE. It is the capacity that the data set has after you create it with DBCREATE. The actual
capacity of a set equals the defined capacity after a DBCREATE or DBPURGE/DBCREATE

operation specifying that set.

You cannot change the defined capacity of a set without re-defining the data base. You can
increase the actual capacity at any time with DBEXTEND. In DBEXTEND you specify the number
of additional entries you need. DBEXTEND calculates the disc space required and allocates it from
the file system. If successful, DBEXTEND adds the specified entry count to the current actual
capacity of the data set.

The disc space allocated may not be contiguous to the original data set (or prior extensions). This
can adversely affect performance, but is generally not noticable in detail data sets.
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In master data sets, whether or not the extension is contiguous to the data set is not a major
performance factor. What is significant is how full the original data set is. When you extend a master
data set, the hashing algorithm does not change. If the set was full, each new entry hashes to an
occupied entry (collision). The new entries are placed in the extension, but in every case they are
on a synonym chain. Since each DBPUT to the master now requires a minimum of two accesses to
different locations on the disc, performance can suffer dramatically. See the next chapter for more
discussion of DBEXTEND and performance.

Changing the Schema

If you have the BASIC Language System, you can use QUERY to make many kinds of changes to
the data base. If you do not, or if you need to make a change that QUERY does not support, you
must write a program. The complexity of the program is directly related to the complexity of the
change. This section divides data base changes into three areas: cosmetic, data structure and set
structure.

Cosmetic Changes

Examples of cosmetic changes are changes to: passwords, names, RANGE and NULL values, and
changing single-item master data set types. To change these attributes of the data base is a
straightforward five step process. If you already have an entry-level backup program, you can
probably use it with few changes.

1. Write a program to perform a SERIAL DBGET in each manual master and detail data set.
Use full-record reads and write the data to a data file established for each data set. This is q
called “‘unloading” the data base. L

Purge the data base.
Edit the old schema to reflect the changes.
Create the modified data base.

g e

Write a program to read the saved data, and perform full-record DBPUTs to store it in each
data set. This is called “loading’” the data base. Load the master sets first.

[f you change a manual master to an automatic master, you do not need to save the manual
master’s data. The new entries are stored automatically when you reload the detail sets.
Conversely, if you are changing an automatic master to a manual master, you do need to
unload the automatic master because you must “manually’’ load the new manual master.

Data Structure Changes
Examples of data changes are: changing an account number from 14 to R8, increasing the length of
a string or adding an element to an array item.

The method for performing this type of restructure is similar to that used for cosmetic changes. The
difference is that at some point in the process, you need to perform a type or data conversion. For
example, when the load program reads the saved data, it builds a new full-record packing variable
by extracting the old data values one by one from the old record. It simply copies those which did
not change, and converts or extends those that did.

You can also use this method if you are simply adding one or more new items to the new data set. f‘)
You can have the load program either aquire the new item values from some other source, or just R
ignore them, which causes IMAGE to store their NULL value in the entries.
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Set Structure Changes

Examples of set structure changes are: moving a data item from one set to another, adding a new
manual master and adding a new detail set. The procedure is conceptually the same: you unload
the old data base, create the new one and load it with the old data.

In the case of significant structural changes, the suggested method of performing the unload is a
little different. You should create a data file for each new data set. When you unload the old data
base, access as many sets as necessary to save the data in the data files in the form required for the
new structure.

If you are adding new items, have your unload program acquire their values and store them in the
data files.

Data Base to Data Base

If you have ample disc space, you can reduce the unload/load task to a single program. Create the
new data base without purging the old one, then write the unload/load program to simply copy the
data from the old data base to the new one.
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Chapter 5

Advanced Data Base Operations

. Comguter

.. Museum

Introduction

This chapter is concerned primarily with data base performance. It assumes that you are familiar
with your host environment’s file system and data base operations. This chapter discusses the
choices you can make that affect data base performance, both at time of data base definition and
during data base access. It also introduces two IMAGE intrinsics: DBBUFFER and DBCONTROL.

Data Base Definition Considerations

When you define your data base you must choose its defined capacities and its location in your
mass storage system. Although both considerations affect performance, the location of the data
base can have a far greater influence in a heavily used system.

Locating the Data Base

The objective in selecting a disc location is to minimize competition for the disc. Each access to a
disc usually requires a seek operation, which positions the read/write head to the desired track, and
a waiting period, known as the latency, during which the disc controller waits for the platter to rotate
until the desired sector(s) arrive under the read/write head. These operations are transparent to
your program.

You should also choose a high performance disc. Even a busy 7912P Disc Drive is likely to provide
better performance than a dedicated 9895A flexible disc.

5-1
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Multiple Volume Data Bases
If your data base resides on multiple volumes, you must provide IMAGE with information on how
to find them. You do this in two ways:

e [n the DIRECTORY part of the SCHEMA, you enter the volume label and path specifier of
each volume in the data base.

® Before you access any required volumes in your programs, you must mount them. In the
BASIC Language System, you must tell the system where the media is with a VOLUME
DEVICES ARE statement. In the HP-UX System, use the mount intrinsic. You must mount all
seconday volumes before using the data base or unexpected results occur.

You do not need to mount all of the volumes of a multi-volume data base at one time. You must
mount only the sets explicitly or implicitly (linked) accessed by the current operations. The ROOT
file must be mounted at all times while open.

Best performance is seen with single volume data bases. Multi-volume data bases have slower
performance and could affect general HP-UX performance.

Master Data Set Capacities

The hashing algorithm used by IMAGE translates different key item values into a uniform distribu-
tion of record numbers. These record numbers are always within the range established by the
defined capacity of the specified master data set.

Itis possible for two different key item values to “‘hash’ to the same record number. This is called a
collision. The first key item to hash to the record number, the primary key, is stored there. The
colliding key item values are called synonyms. The second and subsequent key item values, the
secondaries, are stored in other records linked to the primary record by a synonym chain.

The performance implications of this are that collisions are time consuming and they have other,
less obvious consequences. They are time consuming because they result in at least one extra disc
access when they occur, and the same amount of extra access on every CALCULATED DBGET
which specifies that secondary key value.

The less obvious consequence is that the secondary entries consume records which are now
unavailable for use as primary records, thus increasing the chances that more secondaries will
occur. A DBPUT specifying a key value which hashes to that secondary record number cannot use
that record, yet the record is not even occupied by a synonym of the key item. This is a kind of
“secondary collision”. It results from the fact that free records are drawn from the same area of the
data set to which future key values may hash.

There are two ways to minimize the performance effects. You can reduce the chance of synonyms
(primary collisions) and you can eliminate most secondary collisions altogether. You can eliminate
the secondary collisions by moving the beginning of the free record chain out of the range of the
hashing algorithm.
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Minimizing Synonyms

The hashing algorithm IMAGE uses was chosen to provide a uniform distribution of record num-
bers from typical data values. It does this in a manner similar to the transformation of a “‘seed”
value by a random number generator. It is not random, of course, because the same key item value
always produces the same result. The algorithm operates in two steps. The first transforms the key
value into a large double integer value, and the second evaluates it modulo C, where C is the data
set capacity.

To obtain an even distribution of remainders (record numbers) after the modulo operation, C
should be a prime number. There is a table of prime numbers, and a prime-finder program listing in
Appendix T.

Any key item value has about an equal probability of hashing to any record in the set, so the
chances of hashing to an occupied record are a function of the percentage of occupied records. In

addition to choosing a prime number, you should choose the largest data set capacity you can
afford.

Minimizing Secondary Collisions

In a newly created master data set, all of the records are on the free record chain. These records are
also within the range of the hashing algorithm. You can move the initial free record chain out of the
range of the hashing algorithm by extending the data set with DBEXTEND.

You can extend the master set at any time, but to have the desired effect, you must do so
immediately after DBCREATE. When you extend a created and empty master set with DBEX-
TEND, the records in the extension are added to the head of the free record list. The hashing
algorithm is not changed. It cannot generate the number of a record in the extension.

Collisions can still occur, of course, but in an extended set, the secondaries are placed in the
extension. No records in the range of the hashing alogorithm are used for secondary entries until
the extension is filled or until the first DBDELETE. Primary collisions can still occur, but secondary
collisions do not. DBDELETE places the deleted record at the head of the free record chain.

To use this technique, you should still set each master data set’s defined capacity to be at least
133% of the anticipated number of entries. Create the data base and sets. Extend each master data
set with DBEXTEND by about 20% of the estimated entry count. This minimizes both primary
secondary collisions.

5-3
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High Performance Access Methods

Regardless of where you locate your data base and how you establish the data set capacities, there
are other measures you can take to improve the performance of your programs. These measures
fall into two catagories. The first is to minimize the amount of processing that the IMAGE intrinsics
must do and the second is to minimize the amount of disc [/O.

Minimizing Processing

When you read or write a data entry, even though you only specify an item, IMAGE must always
read or write the entire media record. IMAGE must set up a buffer for it, and set up tables for
retreiving or storing your data value at the appropriate offset (field) in the record.

There are two steps you can take to minimize this processing in DBPUT, DBGET and DBUPDATE.:

® Use full-record mode. This eliminates the extra code required to isolate the field for a specific
item.

® Regardless of whether you use full-record or item-list mode, only specify the mode once.
Thereafter, use current-list mode. This eliminates the overhead required to change the internal
tables.

Minimizing ROOT File I/O

If your program makes frequent use of DBINFO modes 101, 107 and 108, you can reduce the

amount of disc access to the ROOT file by keeping the sought information in memory. There are

two ways to do this. The first and most obvious is to perform your DBINFO operations once at the m
start of your program, load all of the information into variables and arrays, and thereatter use the

variables and arrays. For example, if your program needs to correlate item names and numbers,

you can set up a string array of item names.

DBCONTROL Modes 3 and 4 (BASIC Only)

You can also have IMAGE load information into a system buffer in two cases. For both the
PSEUDONYM and CODE tables, you can use DBCONTROL to load the tables in memory.
DBCONTROL mode 3 allocates memory for the CODE table and DBCONTROL mode 5 allocates
memory for the PSEUDONYM table. DBCONTROL modes 4 and 5 release those tables.

Once loaded, you do not access these tables as variables or arrays. You simply continue to use
DBINFO modes 101, 107 and 108 as before. However, performance is improved because no disc
access is required.

Minimizing Data Set /O (BASIC Only)

To discuss how to reduce data set 1/O, it is first necessary to explain how that I/O is performed. This
discussion uses a DBGET as its example. When you access a data set for the first time, the host file
system opens the set file and allocates one or more blocks of memory for /0. These blocks are
typically 512 bytes long. The system allocates two for a master data set and one for a detail data set.

Buffer Use in Reads (BASIC Only)

In the DBGET, you either specify a record number or imply one. The host file system uses the

record number to compute the physical location on disc where that record is found. The file system f‘)
transfers the disc data (sectors) at that location to the buffer, and then transfers the record data to '
IMAGE.
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If the records in the set are small, the buffer may contain more than one record. If you are
performing a SERIAL DBGET, the next DBGET may not require a disc access. The data sector
which contains the record may already be in the buffer. If it is not, the file system performs another
access to update the buffer.

As you might imagine, you can significantly reduce the disc accesses by making the buffer larger, at
least for serial reads. For directed reads to arbitrary records, chained reads or calculated reads, the
chances are reduced that the desired record is in the buffer. In fact, for non-serial reads, perform-
ance can actually be reduced because each disc access takes longer due to the larger buffer size. For
random access reads, you should increase the number of buffers. For a sparsely occupied data set,
you can set the buffer size to the media record size and the buffer count to the number of entries
(occupied records).

If you make the buffer size equal to the data set size, the record must be in the buffer. For small data
sets, this is a practical way to dramatically improve performance. The method for doing this is
discussed in the section on ‘““‘Controlling Buffer Size”.

Buffer Use in Writes

When you write data to a data entry with DBPUT, the data is first written to the buffer and the
buffer is then copied to the disc. If the original copy of the record is not in the buffer, the file system
must first read the record from the disc to make the buffer current.

Note that the normal case is that the buffer is copied to the disc on each write operation. This is
called immediate posting. When immediate posting is in effect, having a larger buffer actually
degrades performance because more time is required to post the buffer to disc.

To improve 1/O performance during write operations, you need to inform IMAGE that you only
want the buffer posted when the desired record is not in the buffer. This is called deferred posting.
When deferred posting is in effect, the buffer is only posted to disc when: the desired record is not in
it, you request posting with DBCLOSE modes 2 and 4 or you close the data base entirely with
DBCLOSE mode 1.

As with read operations, if you also set the buffer size to the size of the data set, the data may not be
posted until you close the data set.

Controlling Buffer Posting

You can specify whether you want immediate or deferred posting during DBOPEN and you can
change the posting mode with DBCONTROL. DBOPEN modes 1 and 3 open the data base with
immediate posting in effect. DBOPEN mode 11' opens the data base with deferred posting in
effect. Mode 11 is the same as mode 3 except for posting. There is no deferred version of mode 1.
DBOPEN mode 8 opens the data base for read-only access, so there is no posting in that mode.

1 BASIC only
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After you open the data base, you can change the posting mode with DBCONTROL. DBCON-
TROL mode 1 enables deferred posting and DBCONTROL mode 2 disables deferred posting.
DBCONTROL mode 2 causes any buffers containing modifications to be copied to the disc
immediately.

Note

You must be cautious when using deferred posting. The performance
improvements are obtained at the expense of placing your data at risk.
If power fails or the computer is turned off while there are unposted
buffers outstanding, the modifications do not get copied to disc and the
data base may be corrupted.

To ensure that your data base is current, you should periodically force posting of the data set
buffers with a DBCLOSE mode 2 or 4.

Controlling Buffer Size (BASIC Only)

In the BASIC Language System, you can directly control the size and number of [/O buffers with
the DBBUFFER statement. This intrinsic is not available in the HP-UX operating system. Before
you consider changing the buffer size, you should consult the DBBUFFER section of the BASIC
Language Reference manual to determine if the default buffer sizes are adequate.

Since the DBBUFFER statement specifies a single data set, you can allocate different buffer sizes for q
each data set. There are some general rules you can use in determining optimum buffer sizes. R
Regardless of the size you choose, you should always add 255 bytes to the size. Records do not

always align with sector boundaries on the disc. Adding an extra 255 bytes insures that the buffer is

always long enough to accommodate the record(s).

A data set’s buffer should be at least as large as the data set’s media record length. You can
compute the media record length from the information in Appendix T, obtain it with DBINFO mode
202 or obtain it from a CAT listing of the data base directory. If the buffer is less than the media
record length plus 255 bytes, each record access may require two (or more) disc accesses.

If you are performing SERIAL reads primarily, increasing the buffer size beyond one record
improves performance. If you are using other access methods, a multi-record buffer may not
improve performance unless it contains a significant percentage of the records in the set. Use
multiple buffers instead.

If you have available memory, the best performance is obtained by specifying a buffer size equal to
the set size. You can compute the set size from the media record length and the capacity or from a
CAT listing. To insure that the entire set is in the buffer, perform a DBGET mode 1 directed read to
record one as the first operation.
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Appendix B

BASIC Programming Language
Considerations and Examples

Getting Started

If you have not installed your IMAGE software on your computer, refer to the Software Manual
Catalog.

In the BASIC Language System the IMAGE data base instrinsics are BASIC language statements.
To use these statements you must have loaded in your system one or more optional BIN files. The
file “IMAGE_DBM” contains the system routines necessary to compile the IMAGE statements. If
the data base does not reside on an internal disc, you must also load the BIN file containing the
driver for the medium and interface. You may require one or more of the following BINs:

BIN File Contains driver for:
HP9885 :HP9885 LT
HPIB_FLEX :HP82901, :HP82902, :HP8290X, :HP9895 'é’i;jﬂsnusgunl
MEMORY_VOL :‘MEMORY o
HP 27110 HP-IB interface driver

Data Base Item Types

The following table summarizes the correspondence between the IMAGE type designators, the
terminology used in this manual, and BASIC variable types.

Designator Description BASIC Variable Type | Size in Bytes
C2 CODE number INTEGER 2
12 integer INTEGER 2
14 double integer DOUBLE 4
R4 shortreal SHORT 4
R8 longreal REAL 8
Xn string String n
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Invoking the Statements

In general the BASIC run-time compilier checks your data base statements for correct syntax as you
type in each line or load each line with a GET statement. The BASIC run-time support code also
performs automatic numeric type conversions. For example, you can specify the DBOPEN mode
as1,1.0, +1E+0, 1/1, or as a variable of any numeric data type.

There are several cases in which the BASIC system cannot discover a syntax error which can result
in a run-time IMAGE status error. For example, the Status Array must be an array of type DOU-
BLE. Each IMAGE statement can determine whether it is or not, but only when the statement is
executed. If the array is not type DOUBLE or has less than 10 elements, a BASIC status array error
210 results.

Parameters

In general, parameters which are string expressions can be simple string variables, substrings,
literals or expressions. In BASIC, you do not need to terminate a string with a semicolon as long as
the string is otherwise terminated by end of string or a blank.

List Specifier
The list specifier can denote full record, item list or current list modes. The item list can only be a list
of names in BASIC. It cannot be an integer array of item numbers.

Software Revision Codes and Dates .
The revision code of the IMAGE product described here is 01.00. It does not appear in the names

of the other files; however, all of the files on the flexibles discs supplied with the product should

have MODIFIED DATEs which match those in these tables. The revision *“..R0100” appears in the

volume labels.

The revision 01.00 IMAGE product should only be used with revision 01.00 of the BASIC Lan-
guage System. If you “mix’”’ revisions of IMAGE and BASIC software, BASIC programs may not
execute correctly, if at all.




BASIC Programming Language Considerations and Examples

Software Installation

Flexible discs wear out after approximately 250 hours of disc rotation. The flexible discs supplied
with your IMAGE product the distribution media, should be used only as the backup or archival
copies of your software. You should make an on-line copy of your IMAGE software before using it.
There are two ways to accomplish this:

¢ [f you have an internal “‘sealed’” or an external disc, you can copy the distribution media to it.
You can copy the QUERY files and the example LIBRARY data base with the BUILD_QUERY
program. BUILD_QUERY requires that the IMAGE option BIN file IMAGE_DBM and the
BASIC option BIN file MS be loaded in your system. You can copy the remaining files with the
BASIC COPY statement. Instructions for the BUILD_QUERY program are in one of the
following sections.

o [f the internal flexible disc is your only mass storage media, you can use the “DISC_BACKUP”’
utility supplied with your BASIC Language System software to copy each IMAGE disc to
another flexible disc.

Note
You should copy the IMAGE software files only to a disc having the
Structured Directory Format (SDF). Although you can copy QUERY

and the utility programs to any format disc, you cannot copy the LIB-
RARY data base to a LIF or 9845 format disc.

Preparing for Daily use

Once you have an on-line copy of your IMAGE software, you need to consider how often you will
be running data base programs, and how to most conveniently load the IMAGE_DBM file into the
BASIC Language System.

To execute the QUERY, SCHEMA, DBXPRT, DBIMPORT, BUILD_QUERY programs and your
own data base programs, IMAGE_DBM must be loaded in your system. There are four ways to
accomplish this:

e [f you run data base programs infrequently, you can load file IMAGE_DBM each time you
require it. You use the BASIC LOADBIN command, for example:

LOADBIN "IMAGE_DBM:CSBO,7"

e [f your data base programs require other option BIN files, you can load the required files
once with individual LOADBIN commands and then store the entire collection in a single
file with a STOREBIN command, for example:

STOREBIN "MY_NAME<Password:/MY_BINS:CS80,7"

When you run your applications, you need LOADBIN only the composite file.

o [f you run data base programs frequently, and have an adequate quantity of memory in
your computer, consider storing the frequently required BINs in the system’s “AUTOBN”’
file. That way, the BASIC system automatically loads the required BINs at power-up.

® As an alternative to using the “AUTOBN” file, you can also use the “BUILD_BOOT”
utility program supplied with your BASIC system to configure the required BIN files in the
“BOOT” area of the system disc. The system then powers-up with the required BIN
options already present.
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Installing QUERY and the LIBRARY Data Base
Once you have the IMAGE_DBM and MS BINs loaded, refer to the QUERY/9000 User's Guide for
instructions for installing QUERY.

Accessing the Packing String

Variables in the BASIC language are stored in memory as values plus additional type and size
information. Data in a data entry is stored only as data values. If you are using a packing string in a
data base statement, it is also in simple value-only form.

To illustrate this, suppose you perform a DBGET using a packing string to obtain the values of the
following data base items from a data entry.

Data Item :
and Type Model (X6) Quantity (14) | Cost (R4)
Data Entry
Bytes 11213456789 ]|10]11(12]13]14
Data Values ol2f(o0o]jo0o]1|C 0003481697 —1.859467 +EO0

Packing Buffer Contents

Because it is already a string, you can use ordinary substring assignment to store the value of the
Model item in a string variable, for example:

Model$=Packing_buf$l1,61]
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The Quantity and Cost items are in two’s-complement binary and floating point binary repre-
sentation. You cannot use ordinary BASIC variable assignment to assign their values to a
numeric variable because you cannot assign a substring to a numeric variable. Instead, BASIC

has three statements specifically for this purpose: PACK USING, UNPACK USING and
PACKFMT.

The PACKFMT Statement

The PACKFMT statement is referenced by both the PACK USING and UNPACK USING state-
ments. It serves two purposes.

o PACKFMT specifies the program variables to which or from which packing string data is
transferred.

o PACKFMT specifies which blocks of bytes within the packing string correspond to which
program variables.

The exact syntax of the PACKFMT statement is described in the BASIC Language Reference
manual. Essentially you specify a list of items of two kinds: program variables and skip factors. Each
variable is matched to the next block of bytes in the packing string. The size of the block is
determined by the variable type and is given in the table at the beginning of Appendix B. The skip
factors specify the number of bytes to ignore in the packing string before matching the next
variable.

Note
The variables specified in the PACKFMT statement must be the correct
(same) type as the data in the packing string. The PACK USING and
UNPACK USING statements perform no type conversion.

For the example packing string, an example PACKFMT statement is:

140 PACKFMT Model%$:QuantityCost

The variables Quantity and Cost must have been previously dimensioned as DOUBLE and
SHORT respectively.

If you obtain the value of a Model$ using substring assignment, you can use a skip factor to specify
just numeric data, for example:

140 PACKFMT BXsQuantitvCost 1SKip Model$

Note
You must take care that the variables and skip factors specified in the
PACKFMT statement match those variables on the correct byte block
alignments. Failure to do so can have various symptoms. These effects
are summarized in the BASIC Language Reference manual in the
semantics of the PACKFMT statement.
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The PACK USING and UNPACK USING Statements

The PACKFMT statement specifies the format of the packing string and the program variables to
which it is matched. It does not specify the actual packing string involved or the direction of the data
flow.

The PACK USING and UNPACK USING statements specify the packing string involved. PACK
USING transfers data values from program variables to the packing string. UNPACK USING
transfers values from the packing string to program variables. PACK USING and UNPACK USING
must reference a PACKFMT statement.

For our example packing string, you can transfer the data values to program variables with the
following statements:

130 UNPACK USING FmtiPacKind_stringd$ {Get data using
140 Fmt:PACKFMT Model$ ,QuantitvCost lthis "map"

The PACK USING statement is the complement of the UNPACK USING statement. If you modify
one or more of the variable values and want to write them back to the data base through the
packing string, you can use the following statement:

210 PACK USING FmtiPackind_string$ lUse same PACKFMT

Notice that both PACK USING and UNPACK USING can use the same PACKFMT statement.

It is not necessary to have a PACKFMT statement for every possible combination of packing string
formats. You can transfer data for a single variable with one of four PACKFMT statements and the
use of substring positioning. In the example, you can read either numeric value as follows:

350 PACKFMT Quantity |DOUBLE Quantity
360 PACKFMT Cost !SHORT Cost

370 UNPACK USING 3GOjPackKing_string$[11,14] !Get SHORT value
380 UNPACK USING 350%Packind_string$(7,10]1 !Get DOUBLE wvalue

The IMAGERY and MOD_COUNT sample program segments following show further examples of
packing string access.
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BASIC Language Examples

The following pages show an example program using each of the IMAGE statements. Each state-
ment is in a separate subprogram. These examples all report errors using an error reporting
subprogram which is listed at the end of this Appendix. This subprogram uses the QUTPUT
statement, and requires the option BIN file “lO” to be loaded in your system.

BASIC Main Program
10 'IMAGERY: Example BASIC MAIN pProdram for IMAGE/9000
20 )
30 ! Define dlobal variables . L !
40 COM /Base/ Base$[19G61 !For Data Base DIR specifier
20 COM /Lodg/ Lodg lError list device specifier
GO COM /Prod/ Prodgs$[1G] 'Name of this Prodram
70 COM /Password/ Password$[1G] !Data base Ppassword
80 COM /Status/ DDUBLE Status(1:10) !'IMAGE Status arrav
90 !
100 ! Define local/Pasggﬂ_yariabef ___________ !
110 DIM Author$lZ2S]1 Borrower_name$lZ51 Emprlovee_rhonesli1d4]
120 DIM Librarian$l25]+Phone_number$l14]1sPlant_address$(1:3)[301]
130 DIM Plant_name$[25]1Pub$[303,:Subiect$[301+Title$l[50]
140 DIM Record$[25G1]
150 INTEGER Copv_numbersLocation
160 SHORT Price
170 DOUBLE Call_wosEmplovee_no,Count
180 REAL Borrow_datesPub_date
190 !
200 t}nitiaLEgijlobanggfiﬁpyg ___________
210 PRINTER IS CRT
220 Progs="IMAGERY"
230 Lodg=CRT
240 DUTPUT LodiCHR${(27)A&"H"&CHR$(Z27)8&"J" !'Clear screen
250 Base$=" DBM/LIBRARY:CSBO,504" IChande for vour system
260 Password$="LIBRMGR" 'Read/write in all sets
270 !
280 !_Jyunonstrate DBDPEN by opeqlii_the LLREFRY dagg_}ase !
2890 OUTPUT LodiProg$d": Opening data base"
300 CALL Open-lib I0pen the data base
310 IF Status(1)=0 THEN 'If orperned oKy ther...
320 |
330 !_Pemonsgli}e mast{[lﬁﬁﬂﬂ'tg;jgy{jns a new subject !
340 Subject$="MAINTENANCE"
350 OUTPUT Lod3iProds&": Adding SUBJECT"
360 CALL Add_subdject(Subdect$) !'Add a new subdect
370 )
380 ! Demowstrate detail DOBPUT by addind a new book !
390 Titles="EVALUATING A SERVICE CONTRACT"
400 Call_no=1038955
410 Author$="SOAPSTONE sHEATHER"
4az0 Subject$="MAINTENANCE"
430 Pub_date=DATE("04 NOV 1982")
a490 Pub$="BYTEWISE"
as50 Price=13,95
460 Record:PACKFMT Title$:Call_nosAuthor$,sSubject$Pub_datePub$sPrice
470 PACK USING RecordiRecord$
a80 OUTPUT LodiProdsd": Adding BOOK"
490 CALL Add_book{(Record$)
500 !

510

| Demonstrate DBFIND and DBGET by findind same book !
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320
330
340
550
360
270
380
590
GO0
G110
G20

630
Ggdo
G50
GBO

670
680
690
700
710
720
730
740
750
760
770

780
790
800
810
820
830
8dao
830

OUTPUT LodiProg$&": Finding CALL_NUMBER "jiCall_no
CALL Find_book(Call_no:Record$)
IF Status(1)=0 THEN ITf book found....
UNPACK USING TitleiRecord$ 'Extract title
Title:PACKFMT Titles
OUTPUT LodiProg$k": "iTitles
ELSE
OUTPUT LogiProg$8&": Call number "3Call_wnoi" not found"
END IF

| Demonstrate DBUPDATE by chandingd book’s PRICE

OUTPUT LodiProgd$&": Chanding the price of the book"
CALL New_price{Call_mosPrice)

! Demonstrate DBDELETE by deletingd the new BOUK entry !

OUTPUT LodiProg$&": Deletind the entrv"
CALL Del_book(Call_mno)

! Demonstrate DBINFD by readind the modification count !

OUTPUT Lod35Prog$8": Making a DBINFO request"
CALL Mod_count(Count)
OUTPUT LogiProg%®": The modification count is "3iCount
{
END IF
|
! Demonstrate DBCLOSE by closing the LIBRARY data base !

Close:0FF ERROR

OUTPUT LogiProd%&”: Closing the data base”

CALL Close_lib

!

! End of main prodram. Stop execution and disp. messade !

PRINTER IS CRT
PRINT Prog%8": END"
END
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DBOPEN Example

401001
401002
401003

401004
401003

401006
401007
401008
401009
401010
401011

401012
401013
401014

4010135
401016
401017
401018
401019
401020
401021
401022
401023
401024
401025
401026
401027
401028
401029

SUB Open-lihk
!

10pPen

'This subroutine illustrates DBOPEN

COM /Base/ Base$[19G1]

COM /Password/ Password$[1G1]

COM /Prog/ Prog$[1G1]

COM /Status/ DOUBLE Status(1:10)
1

'Define local variahbles

DOUBLE OpPen_mode
1

!'Imitialize local constants

Password$="LIBRMGR"
Open_mode=3
l

lAttemPt to open the data base

DBOPEN
|

'Tf open attemPt failss then...

IF Status(1)

THEN

the LIBRARY data base

!Data base specifier
!Data base Password
'Main prodram name
I'TMAGE Status arravy

!Global Password
lExclusive r/w access

(Base$sPassword$s0OrPen_modesStatus(*))

CALL Db_error(Status(*),Base$:Prog$,401019,"0pPen_lib" +CRT)

END IF
]

'In any cases return to caller

SUBEXIT
1

SUBEND
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DBCLOSE Example

403001 SUB Close_lib IClose LIBRARY data base
403002 !
403003 'This subprodram illustrates DBCLOSE by claosingd the !

403004 ILIBRARY data base.

403003 !

403006 IDefine sloba{_uariabjfj _________________ !
403007 COM /Base/ Base$[19G1] 'Data base sprecifier
403008 COM /Prod/ Prod$[161] 'Main Prodram name
403009 COM /Status/ DOUBLE Status(1:10) 'TMAGE Status arrav
403010 !

403011 'Define local__uaria_tv_l_e_s __________________________ !
403012 DOUBLE Close_mode

403013 DOUBLE Daont_care 'Dummy parameter

403014 !

403015 ‘Initialize variables

403016 Close_mode=1 IClose entire data base
403017 !

403018 !'Attempt to close the data pase !
403019 DBCLOSE (Base$sDont_caresClose_modesStatus(*))

403020 !

403021 'If close attempt fails, then report the problems . !
403022 IF Status (1)« :Q

403023 CALL Db_error(Status(*),,Base$sProg$,403019,"Close_1ib"+CRT)
403024 DISP “FPress CONT to give ups or after protlem solved,"”
403025 PAUSE 'Allow orerator to correct
403026 pise "" IClear displav

403027 END IF

403028 !

403029 'Return to caller in any case,

403030 SUBEXIT

403031 !

403032 SUBEND
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DBPUT Examples

407001
407002
407003

407004
407005
407006
407007
407008
407009
407010
407011

407012
407013
407014

407015
407016
407017

407018
407019
407020
407021
407022
407023
407024
407025
407026
407027
407028

407029
407030
407031

407101
407102
407103

407104
407103
407106

407107
407108
407109
407110
407111
407112

407113
407114
407115

407116
407117
407118
407119
407120
407121
407122
407123
407124
407125

SUB Add_subdject(Subdects) 'Add a new SUBJECT
|

'This subprodram illustrates DBPUT in a manuwal master

COM /Base/ Base%$[19G61] 'Data base specifier
COM /Lod/ Log lError lod device selector
COM /Prod/ Prod9%[1G] {Main Prodram name

COM /Status/ DOUBLE Status{1:10)!IMAGE status arrav

'Define local variables

DOUBLE Put_mode
|
'Imitialize local constants 1

Put_mode=1
1

lAttemPt to add new SUBJECT to data set !

DBPUT (Base%,"SUBJECT" sPut_mode,Status(#*),"SUBJECT" sSubJect$)

SELECT Status(1) !Get the Condition word

CASE © 'No error:s no-op

CASE 43 ISUBJECT Already exists
OUTPUT Logi"SUBJECT="3iSubdect$’s" already exists."

CASE ELSE 'Any other error

CALL Db_error(Status(#),Base$%$,Prod%,407018"Add_subject"sLog)
END SELECT
1

IReturn to caller !

SUBEXIT
!
SUBEND
SUB Add_book(Records$) 'Add a new BOOK

1
! This subprodram illustrates DBPUT in a detail set !

I It uses full record mode and a PacKing string.
1

| Define global variables

COM /Base/ Base%[19G1] !Data base specifier

COM /Lod/ Log 'Error log deuice selector
COM /Prog/ Prog%l1GB] 'Main Prodram name

COM /Status/ DOUBLE Status(1:10) I'TMAGE status array

! Define local variables !

DOUBLE Put_mode

I Attempt to add new SUBJECT to data set

DBPUT (Base%:"BDOK"»1,Status(#*),"@" yRecords$)

IF Status (1)< >0 THEN TTf Put failedeeeeos
CALL Db_error{(Status(%*),Base%$s+Prodg%$,407116+"Add_book":sLo9d)
END IF

! Return to caller

SUBEXIT

SUBEND
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CHAINED DBGET example

404001 SUB Find_book (DOUBLE Call_numbers»Record%) !Find & get a book,

404002 !

404003 !This subpProdram illustrates a DBFIND followed by a !

404004

4040035

404006

404007 !

404008 COM /Base/ Base$[19B61 'Data base specifier
404009 COM /Log/ Loy lError log device selector
404010 COM /Prod/ Prog${1G1] 'Main Prodram name

404011 COM /Status/ DOUBLE Status(1:10) 'IMAGE status arravy
404012

404013 !Set up Path to detail setv BOOK | !

404014 DBFIND (Base$,"BOOK",1,Status(#*),"CALL_NUMBER" sCall_number)
404015 !

404016 IF Status(1)=0 THEN IFIND OK:s det entrv

404017 DBGET (Base%$,"BOOK":5:,Status(*),"@" )Record$,0)

404018 !

404019 IF Status(1)< >0 THEN 'If GET faileds then...
404020 CALL Db_error(Status(%*)sBase$Progs 404017 y"Find_book"Log)
404021 END IF

404022 1

404023 ELSE 'Tf FIND failedesess

404024 CALL Db_error(Status(*)sBase$sProg$,404014,"Add_book" sLod)
404025

404026 END IF

404027 !

404028 'Return to caller

404029 SUBEXIT

404030 |

404031 SUBEND
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DBUPDATE example

406001 SUB New_Price(DOUBLE Call_numbersSHORT Price) !Chande a book Price.
406002 !
406003 'This subprodram illustrates a DBUPDATE. It locates !

40004 land chandes the entry sPecifim{}g the Calh{g@ber. !
406003 !

406006 'Define dlobal variables !
406007 COM /Base/ Base%[1961] !Data base specifier
406008 COM /Log/ Log lError log device selector
406009 COM /Prod/ ProgsliGB] 'Main Prodram name
406010 COM /Status/ DOUBLE Status(1:10) PIMAGE status arravy
406011 !

406012 'Define local variables | !
406013 DIM Record$[1561]

408014 !

406015 'Locate the entr» !
408016 CALL Find_book(Call_number ,Records$)

406017 !

40018 IF Status(1)=0 THEN 'If record found...
406019 DBUPDATE (Base$:"BOOK",1:Status(*),"PRICE"»Price)
406020 !

406021 IF Status(1)<>0 THEN VIf GET failed» thern...
408022 CALL Db_.error(Status(*),Base$,Prog$,406019,"New_rrice" sLog)
406023 END IF

40024 1

406025 END IF

40B026 !

40027 !Returr to caller !
40B028 SUBEXIT

406029 !

406030 SUBEND
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DBDELETE example
408001 SUB Del_book(DOUBLE Call_viumber) 'Delete a BOOK
4080072 ]

408003 !This subpPprogram illustrates DBDELETE. It locates and!

408004 ldeletes the BOOK entry specified by the Call_number., !

408005 |

408006 'Define dlobal variables
408007 COM /Base/ Base$[19G1] !Data base specifier
408008 COM /Log/ Lodg lError log device selector
4080089 COM /Prod/ Prog$l[1B] 'Main Program name
438010 COM /Status/ DOUBLE Status(i:10} {IMAGE status arrav
408011 !

408012 ‘Define local variables |
408013 DIM Record$[15G1]

408014 !

408015 'Locate the enwtrery
40B016 CALL Find_book(Call_number,Record%$)

408017 !

408018 IF Status(1)=0 THEN I'Tf record found...
408019 'Book locatedi delete it,

408020 DBDELETE (Base$,"BOOK",1+Status(%))

408021 !

408022 IF Status(1)<»0 THEN '1f DELETE faileds thern...
408023 CALL Db_error{Status{#*),Base$,Progs%.,408020,"Del_bkook":Log)
408024 END IF

408023 !

408026 END IF

408027 !

408028 IReturn to_jjller ____________________________
408029 SUBEXIT

408030 {

408031 SUBEND
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DBINFO example

402001
402002
402003
402004
402003
402006
402007
402008
402009
402010
402011
402012
402013

402014
402015
402016

402017
402018
402019
402020
402021
402022
402023
402024
402025
402026
402027
402028
402029
402030
402031

SUB Mod_count (DOUBLE Count) !Get DB modification counter

!This subprodgram illustrates DBINFO

COM /Base/ Base$[19G]

COM /Lod/ Lod

COM /Prod/ Progsl1G]

COM /Status/ DOUBLE Status(1:10)
|

'Define local variahbles

DIM Record$[20]
]

IRequest the modification count.

mode 504, It !

'Data base sepecifier

!Error log device selector

'Maiv Prodgram name
'TMAGE status arrav

DBINFO (Base%:0:504:5tatus(*) Record$)

IF Status(1)=0 THEN I'Tf DBINFO okK...

UNPACK USING CountiRecord$

Count :PACKFMT Count
!

!Get mod count

ELSE IDBINFO failed....
CALL Db_error(Status(*),Base$:+Prog$ 402017, ,"Mod_count"

END IF
I

'Return to caller

SUBEXIT
|

SUBEND

+Log)
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Error Reporting Subprogram

400001 SUB Db_error(DOUBLE Stat(#*), ,0PTIONAL Base$:Prog$,LinesModulessLod)

400002 !

400003 'Document Passed Parameters

400004 OPTION BASE 1

400003 ! DOUBLE Stat(1:10) 'ITMAGE Status arrav {resuired?

400006 ! DIM Base%$[19G] 'Data base specifier variable

400007 ! DIM Prod%[1G] 'MAIN Prodram name

400008 ! REAL Line ILinme number of failed DBxxxx call
400009 ! DIM Module%$[1G1] 'Subprodram of failed DBxxxx call
400010 ! REAL Log 'Error messade destination device sel,
400011 ! 1

400012 This subprodgram outputs a report of an IMAGE data base error
400013 to the specified or defaulted Log device. Report form is:
4 1 0 2
400015 Program_name: An IMAGE Status error 999 has occurred

|
)
|
)
400016 ! in data base: Data_base_name:msus
|
|
|
|
]

400017 dJuring a DBxxxx statement in line 123456 of module Sub_name
400018 The BASIC error is 999 in data set number G3

AOO019 | o .
400020 !

400021 'Define and initialize local wariables

400022 DATA 7777 ,0PEN,INFO.,CLOSE FIND. GET UPDATE +PUT

400023 DATA DELETEsLOCK sUNLOCK yCONTROL »BUFFER

400024 DIM Intrinsic$(400:412) 'For DBxxxxx names
400025 REAL ConditionsIntrinsics+SetsBasicDest

400026 READ Intrinsic®(*) 'Load names now
400027 !

400028 'Get data of interest from Status arrav

400029 Condition=Stat (1) 'Condition word
400030 Intrinsic=Stat(G) IDBxxxx call number
400031 IF (Intrinsic<d01) OR (Intrinsicxd12) THEN Intrinsic=400
400032 Set=Stat(8) 1Set numbery if anv
400033 Basic=Stat(10Q) I'BASIC errory if anv
400034 !

400035 'If "Log" device parameter was defaulted, use CRT !

400036 Dest=CRT

400037 IF NPAR:=6 THEN Dest=Log

400038 !

400039 !'Begin output of error message !

400040 OUTPUT Dest USING BarsiCHR$(7) [ BEEP

400041 Bars:IMAGE S0(“-"))A

400042 IF NPAR>2 THEN OUTPUT DestiProg$i": "3

400043 OUTPUT Desti"An IMAGE Status error "iConditions

4o0044 OUTPUT Desti" has occurred"

400045 IF NPAR>1 THEN OUTPUT Desti"in data base: "iBase$

400046 OUTPUT Desti"during a DB"iIntrinsicd(Intrinsic)i"” statement"3
400047 IF NPAR:>3 THEN OUTPUT Desti" in line"iLine}

400048 IF NPAR:4 THEN OUTPUT Desti" of module "iModule$3

400049 OUTPUT Desti""

400050 IF Condition=-1 THEN OUTPUT Dest USING BasiciBasiciSet
400051 Basic:IMAGE "The BASIC error is ",ZDD+" in data set number " ,ZD
400052 OUTPUT Dest USING BarsiCHR$%(7)

400053 !

400054 'keturn to ¢caller |

400055 SUBEXIT

400056 SUBEND
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Appendix C

C Programming Language
Considerations and Examples

Data Base Item Types

The following table summarizes the correspondence between the IMAGE type designators, the
terminology used in this manual and the C variable types.

Designator Description C variable type Size in bytes
12 16-bit integer short 2
14 32-bit integer int 4
R4 32-bit real float 4
R& 64-bit real double 8
Xn character string char n

C Library Calls

You do not need to predeclare calls to IMAGE-UX from the C language as externals.

You can identify the actual IMAGE-UX library routines (contained in /usr/lib/libim.a) at compile
time using the -1 option. For example:

cc c/mvsource.c

Parameters

-0 bin/mvobdect

-lim

All parameters to IMAGE-UX must be call-by-reference; parameters must point to the actual data.
For character strings and arrays, this is automatic. For simple numeric variables, the ampersand (&)
is required. So, you could code a dbopen call as follows:

char baselBO]} /% data base path name */

short modei /% dbopen mode Parameter %/

short statusfi10ds /% return status array - does ¥/
/% from elt O to elt 9 */

strcepy (bases " dbm/dbname”) s /% remember leading 2 blanks */

mode = 33 /% exclusive dborpen */

dborpen (base, "mrepassword", Bmode, status)3

if (statusln1)

/% Print error messade %/
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C Language Example

/% browse - Browse through a data set.

*

*# Usade: browse dbrath dset [pPasswordl

* ed: browse dbm/dKsam mymaster mvypPass
*/

union u_tad {
short svals /% 1B bit inteder */
int i1vals /% 32 bit inteder */
float fuvalj /% 3Z bit float */
double duali /% B4 bit float */
char strgl81 ¥ uvals

#include <stdio.h>
#include “errno,hx

extern int errnos errinfol
#define LINESIZE 300
#define BASESIZE 300

char basel[BASESIZE]S
short mode, sC1013

main (ardcs argdu)
int ardci
char *argul(]l3

{
char Pass[LINESIZE]:s morelLINESIZE]s dset[LINESIZEI]
int i3
if (ardec <3 11 arde *xd)
frprintf (stderry "\nUsade: browse dbrpath dset [Passwordl\n")ji
else {
fprintf (stderry "“"\n\nBrowse - browse through a data set\n\n")3
(argc == 2Z) 7 strcpv (Passs "3") ¢ strcPpy (Passs+ argul31)}

Dbopen Example

strcpy {(bases " ")
strcrpy {(base+2s ardull1)i
mode = 33
dboren (base,» Passs Bmodes s)i
if (sL01)
db_msd ("##% Error in dboren:z ", s)3

exit (1)3
¥
strcpy (dset:s argul2l);3 /% Now loorP on sets. */
morelQ] = 7’3
while (morel0] == ‘%’ 11 morel0] == “¥’) {
if (browse_set (bases dset))
exit (1)3%
frprintf (stderrs "Browse throudh another set? (v/n) "3
dets (more) s
if (moref0] == ‘v’ 11 morel0] == 'Y¥Y’) {
fprintf (stderrs "Enter set mname: ")

dets (dset) ]}
feprintf (stderr, "\n")i
¥

¥

mode = 13 /#%% All done. Close data base. *k*/
dbclose (bases Pass: Bmodes s)i
if (s[OD)
db_msd ("#%#% Error in dbclose: "y s
¥ /* else */
X /%  main ¥/
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browse_set (bases dset)
char basells dset[13

{
short modes s[10]1y fieldecnti
int ards

char bufl10d03001, buf10501000], detbufl2000]3y morelB015

Dbinfo Example

mode = 1043

dbinfo (bases dset, Bmode: s, buflOd)s

if (sL01) A
db_msg ("*%% Error in dbinfo mode 10d: "y s)i
return (-1)3
¥

set_up_num (&fieldcnt, buflod, Oy 277

mode = 1053

dbinfo (bases dsets Bmode, sy bBuflODB) ]

if (s[01) {
db_msg ("*%% Error in dbinfo mode 105: "y s)3
return (-1)3
¥

Serial Dbget

sL{O] = O3
morel0O] = “»’3
while (s[0]1 == 0 &8 morel[0] !'= ‘q’) {
‘ mode = 23
dbget (base,» dsets &modes» s "B", detbuf,s Bmode) s
if (s{01 == 11) {
ferintf (stderr, "#*%% Erd of file \n")}
mode = 45 arg = 03

dbhget (bases» dset, Bmodes s, "B", detbuf, Barg)i

if (s[01) A
db_msg ("%%% Error rewinding dset: "y s5)3}
return (-1)3
¥

mode = 23 /% Close set #*#/

dbclose (basesy dsets Bmode: s)3

if (s[01) A
db_msg ("*%*% Error closing dset: "» s)3
return(-1)3
>

morelOQ] = ‘a9’j}

>

else

if (s[01) {
db_msg ("#*%% Error in dbget: "4 53
return (-1)13
>

else { /% Got a valid recordi d0 on */

if (prtrec (base» sy fieldcnts buflOd4, buflosS, detbuf) == -1)

return (-1)3%

ferintf (stderrs» "Press ‘return’ for morej Enter ‘9’ to auit: ")
dets (more)s
feprintf (stderr: "\n")j
if (morel[0] == 0) morel0O] = ‘¥’'3}
Y /% else #/
} /% while loor %/

‘ y /% function browse_set %/
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Buffer Unpacking Routine

set_upP_num (puval bufsindexslendth)

/% Dbdet returns a buffer, Now how do I det my numbers out? This routine
/% will hele, You miust define a uwion externally first, Then:
/* INPUT: Fuuval - Ptr to union variable
/ #* bowf - buffer variable from dbdet
/ * index - first byte to look at
/ #* ed, # is in bufld,21, then index=4slendth=2
/* length - size of number
/* QuUTPUT: Puval” contains the number
union u_tad *puvals
char bufl13
{
int 13
for (i=03 i<lendthi ++i)
Puuval->strdlil = buflindex+113
¥
Print Exror Message Routine
db_msg (buf,pstatus)
/% This function Prints error messades from IMAGE-UX, */
/% Buf is a string containing specific error infoi Pstatus is a */
/% Ptr to the status arrav. For examrles if vou det a non-zero */
/% return from dbdet, vou migdht call this function as follows: */
/*® if (statusl01) */
/* db_msd ("Error in dbdet: "yPstatus) i */
char bufl13
short *Pstatuss?
{
int i3
frrintf (stderrs "\n%-3s",bufisi
for (i=035 i<103% ++1i)
frrintf (stderr, "%hd "s¥(Pstatus+i))i
feprintf (stderrs "\n")i
prterrinfo()3j
feprintf (stderrsy "\n")3
¥
Pprterrinfo() /% Needs #include <errno.h: & #include <stdio.h> */
{
frrintf (stderr, "#%#% Errno = %d Errinfo = %d\n"s errnoy errinfo)s
¥
Buffer Pack Routine
set_buffer (pPuval, buf, index» length)
/% How do vou Put numbers into a buffer for dbPut? This function will %/
/% help, */
/* INPUT: Puval - Ptr to union uwval */
/* buf - buffer for dbpPut */
/* index - startind location in buffer */
/* lendth - size of number */
/% For exampley to Put a d-bvte inteder into the Gth thru 9th chars of */
/% buffery do the following: */
/* wval.ival = Gi */
/*® set_buffer (&uvalsbuffersB5sd) 3 */
/% NOTE: buffer starts at O not 1. */

*/
*/
*/
*/
*/
*/
*/
*/
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urion uw_tag *¥puwvali
char buflCls

{

int i}

for (i=03 i<lengthi ++1i}
buflindex+i] = Puval->strglils

¥

Print Element of Buffer Routine

prtelt (elcnt, itemtvres, elemlens offsets detbuf)

/% This routine Prints out an element from a dbdet buffer, (The element */

/% may actuwally be an arravy of elements.

/ *

/% input: elcnt -1 if not an arrav

/* itemtyrPe - item tvrpe of element to be printed

/¥ elemlen - # of bvtes Per element (if arravs each entry
/* this # of bvtes

/* offset - bvte offset (0O based) to element

/* gethbuf - buffer obtained from successful dbget

/*

char itemtyrelly detbuflds

int elcnty elemlens offsets

{

int i3

if (elemlen < 9) set_up_num (Buvals getbuf, offsets elemlen)i

switch (itemtypel0]) {
case ‘C’:

case ‘I°’: if (elemlen == 27
printf ("%hd\n"s unuval.sval)}i
¥
else

if (elemlen == 4) {
printf ("%4d\n"s wvval.ival)s
¥

else {

feprintf (stderrs "Err in switch of prtelti I3
elemlen=%d\n"selemlen) i
return (-1)3

¥
breaksi
case ‘R’': if (elemlen == 4) {
printf ("%f\n"s uval.fual)lsi
¥
else
if (elemlen == 8) {
printf ("%Z1f\n" s+ uwval.dual)si
¥
else {

feprintf (stderrs "Err in switch of pPrtelti R

elemlen=%d\n"yelemlen) s’

return (-1)73
¥
bkreaks
case ‘K': for (i=035 i<elemleni ++i)
printf ("%.1s"s detbuf+offset+i)s
printf ("\n")3
breaks

default: ferintf (stderrs "Err in switch in prtelt: UnKknown

ferintf (stderrs “%.ls\n"+ itemtvpre)s
breaks
Y /% switch %/
¥y /% function prtelt %/

*/
*/
*/
*/
*/
*/
*/
*/
*/

")
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Terminal Conversion Routine

getvaluye (values itemtvres elemlens tawrbuf)

/% You can use this routine to convert termimal inpPut wvalues for */
/% an element to their correct numeric tyvre. */
/* */
/% InPut: tmpbuf - input strind from terminal */
/% itemtypre - item tvpe of the element */
/* elemlen - # of bvtes in element (if arravs # of byes in */
/* each element of arrav */
/% Dutput: wvalue - ptr to desired return variable */
/* */
/% */

char wvaluells itemtvrells tmpbufl13

int elemleni

{

int i3

switch (itemtvpel0O]) {
case ‘C’:

case 'I’: if (elemlen == 2) {
sscanf (values "%Zhd" s tmpbuf)i
¥
else

if (elemlen == 4) {
sscanf (value, "%4d"s tmpbuf)i
¥

else {

feprintf (stderrs "Err in switch of detvaluei I3
elemlen=%d\n"selemlen)

return (-1)3
) @
breaks

case 'R‘: if (elemlen == 4) {
sscanf (value:» "ZFf" s tmpbuf)s
¥
else

if (elemlen == 8) {
sscanf (value, "Z1Ff"s tmPpbuf) i
¥

else {

frrintf (stderrs "Err in switch of detvaluej Rj
elemlen=%d\n" srelemlen) s
return (-1)3

}

breaks

case ’'X': for (i=03% i<elemleni ++1i)
torbuflil = 7 73

strecpy (tmpbufs value)s

tnpbuflstrlen(tmpbuf)d = 7 73

breaks
default: ferintf (stderr» "Err in switch in detvalue: UnKnown itemtvype: ")3

feprintf (stderr, "%.1s\n"y itemtype)s
kreaks
} /% switch %/
} /% function detvalue */




Print Data Base Entry Routine

Prtrec
short fieldcnt

fieldcnts buf
s[13

(bases s

char basellsy buflQdL], buflO3

{

int recnos elemcnty elemlen

char buflOZLZG15

short itemnos’

short modes *Ps = Rs[OJ3}
/% Get record # %/
set_upP_num (Rrecvio: sy 4
printf ("Entry # Yd\n",s re

¥

/% Print fields */

for (i=113 i<

=fieldcnti ++i

set_uP_num (&itemno,» buf

if (itemno < 0) itemno #*
mode = 1023
dbinfo (bases &itemno,s &
if (sL0d) £
db_msg ("%*%*% Error in
return (-1)1
>
printf ("%Z1G.1Bs" s buflO

set_uP_num (Roffsets buf
set_UWP_Tium
set_upP_num (Relemcwnt, bu

for (J=11 Ji=elemcnti ++
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104 buflOSy getbuf)
[l detbufl]s

offsets iy J3

473
cno) i

y {
104+(ix2)y Oy 203
= (-1)3

modes s+ bBUf1l0Z) ]

dbinfo mode 10Z2: ", ps)i

2)3

105, Bx(i1i-1)+8, 4)3

(Relemleny buflOZ2,y Z0, 4)3
1

f102y 24y 453

J) AL

if (elemcnt>1l &8 J==1) printf (" (Zd): "y J)3
if (elemcnt>l && J>1) printf (" (Zd): "y J)3
if (elemcnt == 1) printf (" ")
if (prtelt (jy buflOZ+16s elemlen: offset+((j-1)*elemlen), detbuf))
return (-1)3
Y /% for (J=13% .. %/
Y /% 1 loop %/
printf ("\n")3
fflush (stdout)}
/% prtrec ¥/
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Appendix E

Errors
IMAGE Status Errors

These errors are returned by IMAGE intrinsics in element one of the Status array, the Condition

word.
Result Meaning
—135 DBLOCK with wait not allowed while your partition/process already has lock(s) in effect
-94 Corrupt data base, one or more data sets must be erased
-93 Corrupt root file. purge and re-define/create the data base
-92 One or more data sets are purged or not created
-91 Root file structure not compatible with this revision of [MAGE
—75 IMAGE-UX for single user systems only
-74 Data base name mismatch
-52 List specifier is invalid or item specified is not a key or search item in the specified data set
-32 Data base already open in a mode incompatible with your DBOPEN
-31 Improper mode parameter
-24 DBPUT, DBDELETE or DBUPDATE not allowed on an Automatic master data set
-23 Wirite access is required and your DBOPEN password does not have it in this data set
-22 Specified set must be, and is not, a detail data set
-21 Improper or nonexistent data set, data item, password or volume specified
-14 DBPUT, DBDELETE and DBUPDATE not allowed in DBOPEN mode 8
-12 Not all necessary data sets are locked
-11 Data base variable invalid; leading blanks missing or no such data base
-10 No data base number available; 100 DBOPENSs already active
-1 Host environment error, see Status(10) for system error
0 Successful execution — no error
10 Beginning of file (data set) encountered
11 End of file (data set) encountered
12 Negative record number specified, must be zero or positive
13 Specified record number greater than current set capacity
14 Beginning of chain encountered
15 End of chain encountered
16 The data set is full
17 No current record, no chain head, or specified record is empty
18 Broken chain encountered
20 One or more requested data sets locked to another data base variable
41 DBUPDATE of key, search or sort item not allowed
43 Specified key item value already exists in master data set
44 DBDELETE in master not allowed, one or more detail chains to this entry are not empty
50 Packing variable or string variable is smaller than the data item size(s)
51 Variable size and/or type does not match the data base item
52 The number of variables in the list does not match the requested number of variables in
the list specifier
53 Argument parameter type or size incompatible with the key item type or size
94 DBOPEN successful, however, the data base is corrupt and the DBOPEN mode has
been forced to read-only
95 Intrinsic not supported
1nn There is no chain head for path nn
3nn The Automatic master for path nn is full
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IMAGE-Related Errors

The following is a partial list of BASIC errors which are related to IMAGE data base operations.
Most of these errors are found in Status array element 10 when element 1, the condition word, is
—1. BASIC error 2 may not be returned. It can cause a BASIC pause or ON ERROR branch.
BASIC error 210 always causes an error pause or ON ERROR branch.

In data base utility statements, these errors are returned in the RETURN expression.

Result Meaning

1 Missing OPTION BIN or configuration error

2 Memory overflow

8 Improper parameter matching

9 Improper number of parameters

62 Path to data base is protected

73 Incorrect device type in msus

80 Medium not present, off line or door open

81 Device and/or interface hardware failure

82 Device and/or interface hardware not present

88 Read data error

90 Mass storage system error

208 Volume not mounted

209 SDF directory format required

210 Bad status array, is not double integer or has less than 10 elements
213 Data base directory not found

214 One or more data sets purged or not created

215 One or more data sets are now corrupt

216 No available data base number, 100 DBOPENS currently active
217 Data base definition incomplete (corrupt root file)

220 Improper or illegal use of maintenance word

221 Data set purged or not created

222 Data base directory not created

225 Root file structure/contents not compatible with this revision of IMAGE
226 Corrupt root file - purge and re-define/create it

227 Corrupt data base - one or more data sets must be erased
229 Data base open, utility operation not allowed at this time
230 Improper set list or duplicate sets in the set list

231 Improper record count

232 Cannot purge root file with one or more sets unpurged
233 Root file not found

234 Referenced line is not a PACKFMT statement

236 Packing string too short for requested data
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SCHEMA and QUERY/DEFINE Errors

The following are the error messages possible during the execution of SCHEMA or the DEFINE
module of QUERY.

General Error Messages

ERROR nnn [:extended error message] — This standard BASIC error message can occur if
improper information is input for the text file specifier, root file specifier or printer select code.
It can also occur later in the process if an ERROR 2 occurs. The [:extended error message] is
included only if the local language option BIN file, such as “ERRORS_ENG”’, is loaded.

<..> EXPECTED - The preceding statements or punctuation lead the processor to expect the
syntax element <..> to appear at this point. The element actually found is therefore out of
sequence. This event increments the error count, but the unexpected element is ignored and
processing can continue.

<..> EXPECTED. (FATAL ERROR) — As above, except that the processor is unable to continue,
regardless of the error count and limit.

*** FATAL ERROR nnn SCHEMA PROCESSOR TERMINATED. — This message is printed
when any error occurs which prevents the processor from continuing, regardless of whether
the error count has reached the value specified in the ERRORS = instruction.

<..> IN CHECKING STRUCTURE - The error reported with this message occurred during
post-processing of the root file definition before actually writing the file contents to disc.

ROOT FILE HAS NOT BEEN GENERATED. — This message is printed whenever the processor
has encountered one or more errors or you have included the schema instruction NOROOT.

¥ TOO MANY ERRORS. PROCESSOR TERMINATED. — Whenever the number of errors
exceeds the number you specify in the ERRORS = expression, the processor halts. The data
base is not created.

Specific Error Messages

A VALID INTEGER EXPECTED — One or more of the items in the expression is either not an
integer or is outside the allowable range of values.

A VALID REAL EXPECTED — One or more of the items in the expression is either not a real
number or is outside the allowable range of values.

A VALID STRING EXPECTED — One or more of the items in the expression is either not in quotes
or is too long.

BAD ERROR NUMBER SPECIFIED, MUST BE IN RANGE (0,999) — The maximum number of
errors you can specify in the ERRORS = expression must be in the range 0 through 999.

BAD ITEM LENGTH — The length of a string item must be in the range 1 through 2 147 483 647.
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BAD ITEM PICTURE — The specified PICTURE word must be an integer in the range
—2 147 483 648 through 2 147 483 647, and if >0, should match one of the documented
QUERY picture words for that data type. (See Appendix Q).

BAD LINE NUMBER SPECIFIED, MUST BE IN RANGE (20,999) — The number of lines per
page in the LINES = instruction must be in the range 20 through 999.

BAD SET CAPACITY — The defined number of entries for a data set, specified by the CAPACITY:
statement, must be a integer in the range 1 through 2 147 483 647. There must be room on
the data set medium for this number of entries.

BASE VOLUME MUST NOT BE SPECIFIED HERE — Specify a directory name in the SET Part
only if that set resides on a different volume than the root file.

BEGIN DATA BASE EXPECTED — The first schema statement other than a schema instruction
must be the start of the DATA BASE Part.

CAPACITY EXPECTED - The definition of each data set must end with a CAPACITY: statement.

# CODES > MAX # CODES/BASE — The maximum number of CODE item values in a single
data base is 255.

# CODES > MAX CODES/ITEM — The maximum number of CODE item values for a single data
item is 32.

DUPLICATE CODE — Each code value for a CODE (C2) item must be a unique string.

DUPLICATE FIELD ITEM — You cannot specify the same item name more than once in the
definition of a single data set.

DUPLICATE ITEM NAME - The item names in the ITEM PART must be unique.
DUPLICATE PASSWORD - The passwords in the PASSWORD PART must be unique.

DUPLICATE PSEUDO - Each pseudonymn name in the data base must be unique and cannot
be duplicated for the same or different items.

DUPLICATE SECONDARY VOLUME - Each directory name in the DIRECTORY PART must be
unique. If you must use two existing volumes which presently have the same name, rename
one of them.

DUPLICATE SET NAME — Each data set name in the SET PART must be unique.

END EXPECTED - After defining the last data set, the schema statment END must appear before
the end of the text file.

ENTRY EXPECTED — After defining the NAME, location and access list for a data set, the next
schema statement must be the ENTRY: statement to define the set’s data entry.
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ERROR <nnn> IN MAKING ROOT FILE — System error <nnn> occurred while constructing the
root file. If possible, re-initialize the medium and try again. This error halts the processor.
Typical errors in the BASIC Language System are: 54 (duplicate root file directory) and 64
(insufficient space on medium).

# FIELDS > MAX # FIELDS ALLOWED — The maximum number of items in a a data set is
1023.

GLOBAL PASSWORD NOT ACCESSED - If you specify a user class access list for any data set,
you must specify at least the global password number (user class 1) in the write access list.

ILLEGAL ARRAY - Array items can have only 1 to 6 dimensions. The bounds of each dimension
must be specified by integers in the range of a double integer. The difference between the
upper and lower bounds must be less than or equal to 2 147 483 647.

ILLEGAL BASE NAME — The name selected for an IMAGE/9000 data base must be: an IMAGE

name, not a reserved word, and a valid file name in the host operating system.

ILLEGAL CHARACTER ENCOUNTERED & IGNORED - There is a character in the schema text
file which is not a valid component of schema language. If is is not visible, try listing the
schema with the display or printer’'s DISPLAY FUNCTIONS enabled.

ILLEGAL CODE — A code value must be a quoted string consisting of 1 to 16 characters.
ILLEGAL CODE NUMBER - You can define only 32 unique code values for each CODE item.

ILLEGAL DEFINED TITLE — The string specified in the $TITLE = schema instruction should be
less than 60 characters long. The closing quote should appear on the same line as the
instruction, and should appear before column 160. Quotes within the title string must appear
as double quotes.

ILLEGAL FIELD NUMBER — An automatic master data set can contain only a single key item.

ILLEGAL IDENTIFIER — An identifier must be an IMAGE name and not a reserved word.

ILLEGAL ITEM — During the SET Part this error means that one or more referenced items are not
defined in the ITEM Part. After the SET Part this error means that one or more items define in
the ITEM Part have not been referenced (used) in any set defined in the SET Part.

ILLEGAL ITEM NAME — The item name must be an IMAGE name (See the Glossary) and must
not be a reserved word.

ILLEGAL ITEM TYPE — The type of a data base item must be C2, 12, 14, R4, R8 or X<n>, where
<n> is an integer in the range 1 through 2 147 483 647.

ILLEGAL KEY ITEM — A key item must be a scalar (non-array) item. If it is a string item, it must
have a length of 256 bytes or less. If referencing a key item in a detail data set, the search item
must be the same type and size as the key item.
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ILLEGAL LEX. ORDER — The LEXICAL ORDER = statement must specify one of the following
lexical orders: ASCII, FRENCH, GERMAN, SPANISH, SWEDISH. Use ASCII for KATA-
KANA.

ILLEGAL PASSWORD — A password must be a unique IMAGE name.
ILLEGAL PASSWORD ACCESS — Each password must have access to at least one set.

ILLEGAL PASSWORD NUMBER — A password number (user class) defined in the PASSWORD
Part must be integer in the range O through 13.

ILLEGAL PATH NUMBER — The number of paths specified for a key item in a master set must be
an integer in the range 1 through 31.

ILLEGAL PSEUDO - An item pseudonym name must be a unique IMAGE name. It must not be
the same as any other pseudonym or item name.

ILLEGAL PSEUDO NUMBER - In QUERY/DEFINE, you must define at least one pseudonym
name if you press the PSEUDO softkey.

ILLEGAL RANGE — The RANGE = expressing must specify a minimum and maximum value
which are within the range of the type of the data item. An item’s NULL value must be within
this range. The RANGE of a search item must be equal to or within the RANGE of the key
item to which it is linked.

ILLEGAL READ/WRITE LIST — A data set’s access list must consist of zero, the global password
number (1) or other password numbers defined in the PASSWORD Part.

ILLEGAL SEARCH ITEM — A detail set search item must be a scalar item (non-array) and if a
string item, must have a length of 256 bytes of less. It must match its related key item in type
and size.

ILLEGAL SET NAME - A data set name must be: unique IMAGE name, not a reserved word and
a valid file name in the host operating system.

ILLEGAL SET TYPE — A data set type must be one of the following: A, AUTOMATIC, D,
DETAIL, M, or MASTER. Other spellings and abbreviations are not allowed.

ILLEGAL SORT ITEM — A sort item must be a scalar (non-array) and if a string item, must have a
length of 256 bytes or less.

ILLEGAL VOLUME NUMBER - The directory name specified for this set is not defined in the
DIRECTORIES Part.

INVALID SCHEMA INSTRUCTION - A schema instruction must conform to the syntax diagrams
of chapter 2 and must appear on a separate text line.

ITEM HAS ARRAY - You can specify the DIMENSION = expression only once for each data
item.
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ITEM HAS CODE — You can specify the CODE = expression only once for each CODE data item.
ITEM HAS NO CODE — For a CODE item, you must specity at least one code value.

ITEM HAS PSEUDO - You can specify the PSEUDONYM = expression only once for each data
item.

ITEM HAS RANGE - You can specity the RANGE = expression only once for each data item.
ITEM NOT CODE — You can specify code values only for CODE (C2) items.

ITEMS EXPECTED — The next schema statement after the last semicolon in the PASSWORD Part
must be an ITEMS: statement.

# ITEMS > MAX # ITEMS/BASE — You can specify a maximum of 1023 items in an IMAGE/
9000 data base.

KEY AND SEARCH ITEM NOT MATCHED — A search item and its related key item must have
the same item type and size. They need not have the same name.

LEXICAL EXPECTED - After the BEGIN DATA BASE expression and before a semicolon, the
only other schema statement allowed is LEXICAL ORDER =

MASTER DETAIL CODE — The code values of a search item must be an ordered subset of the
code values of the related key item.

MASTER SETS MUST COME BEFORE DETAIL SETS - In a data base which has both master
and detail data sets, you must define the master data sets in the SET Part before you define
the detail data sets.

NAME EXPECTED — The next schema statement after a SETS: statement is the NAME: statement
defining the start of a set.

NO ITEMS PRESENT — The ITEM Part of the schema must define at least one data item.
NO SETS PRESENT — The SET Part of the schema must define at least one data set.

ORDER EXPECTED — The reserved word ORDER is expected after the reserved word LEXICAL
in the DATA BASE Part.

PASSWORDS EXPECTED — The next schema statement after the DATA BASE Part is the
PASSWORDS: statement. This section is required even if no passwords are defined.

PSEUDONYM.CODE.PICTURE.RANGE.NULL.DIMENSION EXPECTED — Untl you delimit
the definition of a single data base item with a semicolon, the processor expects only item
extension expressions.

# PATH > MAX # PATHS — A key item in a master data set can have a maximum of 31 paths. A
detail data set can have a maximum of 31 search items.
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# PSEUDOS > MAX # PSEUDOQOS /ITEM — Each data item can have a maximum of four
pseudonym names.

# PSEUDOS > MAX # PSEUDQOS/BASE — A data base can have a maximum of 255 total
pseudonym names.

ROOT FILE CORRUPT - The contents of the root file are inconsistent. Purge the data base and
re-define it.

SEARCH AND SORT ITEM MATCHED - The sort item for a detail path must not be the search
item which defines that path.

SECONDARY VOLUME NOT SPECIFIED IN DIRECTORIES PART — A data set located on a
different volume from the root file must reference a directory name specified in the DIREC-
TORIES Part.

SET HAS NO ACCESS — If one or more passwords are defined for the data base, each data set
must specify an access list which has at least one read and/or write user class number.

SET HAS NO FIELD — You must specify at least one data item for each data set.

SET HAS NO PATH — Each detail data set which is not a stand-alone data set must be linked to at

least one master set. Q

SET HAS PATH — All automatic master data sets and all manual master data sets which are not
stand-alone must be linked to at least one detail data set.

# SETS > MAX # SETS — An IMAGE/9000 data base can have a maximum of 63 data sets.

SET NOT DETAIL — The current data set is not a detail data set, but you have defined a search
itemn in it.

SET NOT MASTER - The current data set is not a master data set, but you have defined a key
itemn in it. The referenced master set must have been defined in the SET Part.

SETS EXPECTED — The next schema statement expected after the final semicolon of the ITEM
Part is the SETS: statement.

SPECIFIED DIRECTORIES NOT ACCESSED — The DIRECTORIES Part specifies one or more
directory names/paths which are not referenced in the SET Part.

STRUCTURE ABSENT — Due to a prior error, a needed part of the memory image of the root file
is missing.

STRUCTURE PRESENT — QUERY/DEFINE cannot create a root file that already exists.

RANGE OF SEARCH ITEM > RANGE OF KEY ITEM — The range of a search must be equal to
or within the range of the key item in the linked master data set.
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# VOLUMES > MAX # VOLUMES ALLOWED - An IMAGE/9000 data base can reside on a

maximum of 20 different volumes.

WRONG UTIL VERSION — The revision level of the IMAGE_DBM option BIN file is is incompati-
ble with the revision of the BASIC Language System.
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Appendix F

Fortran Programming Language
Considerations and Examples

Data Base Item Types

The following table summarizes the correspondence between the IMAGE type designators, the
terminology used in this manual and the Fortran variable types.

Designator Description Fortran variable type | Size in bytes
12 16-bit integer integer*2 2
14 32-bit integer integer*4 4
R4 32-bit real real*4 4
R8 64-bit real real*8 8
Xn character string character*n n

Fortran Library Calls

You do not need to predeclare calls to IMAGE-UX from the Fortran language as externals. Howev-
er, some linker performance improvement may be seen if you use the Fortran external statement.
For example:

external dborens dbcloses dbget
You can identify the actual IMAGE-UX library routines (contained in /usr/lib/libim.a) at compile
time using the -l option. For example:

fe f/mysource+.f -0 bin/myobdect -lim
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Fortran Parameters

All parameters to IMAGE-UX must be call-by-reference; parameters must point to the actual data.
For simple numeric variables in Fortran, this is automatic. Care must be taken with character strings.
IMAGE-UX expects a pointer to the first character of the string, but the Fortran character*n type
gives a pointer to a general string marker. The easiest way to set up the correct pointer is to use an
EQUIVALENCE statement as in the following example for dbget.

C Mode must he Z2-bvte inteder’ status must be ten Z-bvte element
C arrav.

inteder*2 status(10), mode

C dbget ard parameter must he a 4-bvte inteder.

inteder*d4 ard

C Declare these Parameters as inteder arravs so that vou have
C pPointers directly to the first character of the arravs.
inteder+*2 ibase(d40Q), idset(10) s 1list(40), igetbuf(100)

C Alsoc declare these parameters as character arravs to simplify
C assidnment statements.

character#*#B0 base:r lisgt
character#2Q dset
character*2Z00 gethbuf

C The character arravys are used for assidrmentsi the inteder
C arravs are used for IMAGE-UX calls.

eauivalence (base(l:1)s ibase(l)), (dset(l:1), idset(l))
equnivalence (list{(1l:1),y ilist(1l))sy (dethuf(l:1),y idethuf(1l))

C Character values must be terminated with a semicolonsy a blank

C or a null character,
list = ‘@357
dgset = ‘mrydataset’i’

C Direct mode dbdet,
mode = 4

C Get entry #14,

ard = 14

C Actual dbdet call uses ibase, idset: etc., to have pPointers to
C first element of arravy and not Pointers to string descrirptor,

dbdet (ibasey idsets modesr status,y ilists igdetbuf: arg)
if (statusll1] .ne. 0)

C Print error messade
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Fortran Language Example

C LIB.fdemo.f - sample Fortran prodrams using the LIBRARY data base
Cc to read entries from data set BOOK and Print saome
Cc of the i1tem fields,
C Sample compile: fc ~1im f/LIB,fdemo.f -0 bin/LIB.,fdemo
program libfdemao
exterrmal dbopen:s dbclosey dbget

Set Up Arrays

C
C The following tricKks eauivalencing inteder and character tvypes are needed
C to insure that IMAGE 9dets a Pointer to the actual value of the character
C arrav, Without this, if a character tvrpe were pPassed to IMAGE, it would
C be a Pointer to a STRING MARKER rather than to the actual value area.

inteder#*#? ibase(d40), iprpass(10), idset(10), 11list(dO)

inteder#*? s(10)y modes igetbuf(100)

integder#*4 ard real#*d rprice character*80 base, list

character*2Z0 pPass: dset

character#200 dethuf

character*2Z0 titles author, Price

equivalence (hase(l:1), ibase(1))y (dset(1l:1), idset(1))

equivalence (pass(l1:1)y irPass(1))s (list{l:1), 1list(1))

eguivalence (getbuf(l:1)s+ igethuf(l))y (rpricey idetbuf(l)

‘ Dbopen Example

C Set up variables and orpen data base. NOTE: character arravs are used in
C initializing the stringds., Alsos ibase and NOT btase must be used in the
C IMAGE call.

base = * LIBRARY:'

Pass = ‘LIBRMGR:'

mode = B8

call dboren (ibase: 1rPass: modes s)

if (s(1) +ne. ©) gdoto 9000
C Set up header information.

Wwrite (G s¥)

Wwrite (Gs#)’ Fortran/IMAGE Demo Program’

write (G %) FHEEEFRERRFRRERRER R R RRR XA AR

Wwrite (Gs%)

write (G+350) ‘Title’y ‘Author’sy ‘Price’

write (B+50) ‘----- R I ‘
50 format (aS:45xs+abBs17xrad)

write (G %)
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Serial dbget

C NOTE: The order of the list Parameter is impPortant to

C insure that PRICE is on a full word boundarv. If we had set the

c list = ‘TITLE:AUTHOR:PRICES‘ then PRICE would NOT have been on a full

C word boundarv., Hence rPprice would not have been eauivalenced to the

C right set of bits. It is alwavs safest to maKe string lendths multirles
C of 4 when defining the data base!

100 mode = 2

dset = ‘BOOK;:'

list = ‘PRICEsTITLE sAUTHOR "

call dbdet (ibase, idset modey sy ilists igethbufs argd)
if (s(1) +esa. 11) doto 140

if (s(1) +ne. Q) doto 9020

Print Results Routine

C Print results and continue in serial read loor.

120 write (By122) detbuf(S:54), detbuf(35:79)+ rPrice
122 format (aS0,» aZ3,s f5.2)
doto 100

Dbclose Example

140 mode = 1
call dbclose (ibase» iPass: modes s)
if (s(1) sme. 0) doto 9040
stop

Error Return Routine

9000 write (Bs*) ‘#%% Error in dboren: '
doto 9900
9020 write (B:#) ‘#%% Error in dbdet:
doto 9900
9040 write (Gs*) ‘#%% Error in dbclose:
9900 do 9910 i=1,10
write (6+9905) s(i)
9905 format (nms 13)
9910 continue
write (G:*)
stop
end




Glossary G-1

Appendix G
Glossary

access method — the method by which data entries are retrieved from a data base. In IMAGE/
9000 there are seven: re-read, serial forward, serial backward, directed, chained forward,
chained backward, and calculated.

automatic master data set — a data set which contains only one data item, the key item. It is
related to at least one detail data set. When a new key item value is added to a related detail
set, a new entry is automatically added to the master. When the last entry containing that key
item value is deleted from all related detail sets, the master entry is automatically deleted.

binary-coded decimal — a system of representing numbers in which each digit (and sign) of a
decimal number is represented by a group of four binary digits, abbreviated BCD.

buffer — a segment of contiguous random-access memory locations used for temporary storage of
input and output data.

byte — a unit of data storage consisting of 8 bits. A byte can represent any HP 9000 character, an
unsigned numeric value in the range O thru 255 or a signed numeric value in the range — 128
thru 127.

calculated access — a method for locating an entry in a master data set. The value of the key item
is transformed via a hashing algorithm to produce a primary data entry record number.

capacity — the defined capacity of a data base data set is the number of data entries specified for
the set in SCHEMA or DEFINE. The actual capacity differs if the set has been extended with
DBEXTEND. The capacity is an integer value in the range of a DOUBLE. The defined
capacity of a master data set should be a prime number for optimum performance.

chain — a series of paired record numbers (pointers) stored in the header of a data entry’s media
record. Each pair of pointers designates the previous and next entry on the chain. Entries on
chains are related by one of three characteristics: free records (empty entry), synonym (dupli-
cate hash value), and same search value (detail chain).

chained access — a method of locating detail data entries which retrieves the next or previous
entry having the same synonym (in a master data set) or search item value (in a detail data
set).

code data type — an enumerated data item type with a code value equal to one of 32 user-defined
16-character strings. Each defined value corresponds to a code number in the range 1 to 32.
The strings are specified in SCHEMA and DEFINE, and are stored in a code table in the root
file. The code table can be accessed via DBINFO mode 108. Only the code number is
physically stored in a data entry.

current record — the last entry to be read or written in each data set.
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data base — a collection of logically related files. A root file contains structural information. Master
and detail data set files contain the data and relational information.

data entry — that portion of a data set media record which contains the values for the data items
which are stored in that data set.

data item — the smallest named element in a data base. It is stored in a field of a data entry and
can contain a value which corresponds to a program variable. An item can be an entire array,
but is always accessed as a single unit.

data set — a collection of data entries. All data entries in the same set have identical structure, but

not necessarily identical data. There are two types of data sets, master and detail. See data set
file.

data set file — a file of type DSET containing all of the media records for a single data set. Each
media record can contain one data entry.

detail data set — a data set containing entries for one or more search and/or detail items. If the
data set is linked to one or more master data sets, the detail entries containing the same key
value are chained. Detail data sets support only re-read, serial, chained and directed access
methods.

directed access — a method of retrieving a data entry in which the entry’s record number is
specified.

hashing — see calculated access.

IMAGE name — used to name data bases, data sets, data items, and data item pseudonyms. In
BASIC, it is a literal, 1 to 16 characters long, consisting of characters from the following table.
The name is terminated by a blank, semicolon, or end of string. If fewer than 16 characters are
specified, trailing blanks are presumed.

Characters Character Codes Leading | Embedded Trailing
space 32 NO NO YES
8 thru 9 48 thru 57 HO YES YES
A thru 2 65 thru 98 YES YES YES
_ 95 NO YES YES
a thru z 97 thru 122 NO YES YES
A thru 9 161 thru 1&7 YES YES YES
£ thru @ 173 thru 174 YES YES YES
A thru 3 177 thru 178 YES YES YES
[ thru A 189 thru 133 YES YES YES
4 thru B 132 thru 222 YES YES YES

In HP-UX it is a literal. Set names and data base names can be from 1 to 14 characters long.
Other names can be up to 16 characters long. The names can consist of characters from the
following table.

Character Character Codes Leading | Embedded | Trailing
0thru9 48 thru 57 NO YES YES
AthruZ 65 thru 90 YES YES YES

_ 95 NO YES YES
athruz 97 thru 122 NO YES YES
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intrinsic — an HP-UX operating system function available to the user through a high-level lan-
guage (such as FORTRAN, Pascal, or C), or a BASIC Language statement.

key item — in a master data set, a data item which can be located by calculated access. Each key
item in a master data set has a unique value.

maintenance word — a data base protection code defined by DBCREATE and required for all
subsequent DBCREATE, DBERASE, DBEXTEND and DBPURGE utility operations on the
same data base. The maintenance word is 16 characters long and is composed of any
characters in the HP 9000 set except the semicolon. Characters after a blank or semicolon are
ignored. If less than 16 are specified, trailing blanks are assumed.

manual master data set — a master data set which can contain detail items in addition to the key
item. A manual master need not be linked to a detail data set. Entries in a master set must be
explicitly added or deleted.

master data set — a data set whose entries contain one key item and zero or more detail data
items. A master set is generally used as an index to one or more detail data sets. Master data
sets support all data base access methods.

media — the physical material on which data is stored (as distinct from the device, which does the
reading and writing). Media fall into two categories; removable and non-removable. Typical
. removable media supported by the HP 9000 are:

o HP p/n 9164-0105 8 inch 0.5Mb Flexible Discs

o HP 92190A 5-V4 inch .25Mb Flexible Discs
o HP 92195A 8 inch 1.2Mb Flexible Discs

Typical non-removable, or Fixed media are:

e :MEMORY volumes
e the disc platters of the internal HP 97093A (system option 610) internal disc
e the disc platters of the peripheral HP 7908/11/12/33 discs

media record — a record in a data set file (type DSET) which contains one data entry. Each media
record contains a header (with flag and pointer fields), and the data entry which contains fields
for data item values.

modification counter — the number of DBPUT, DBDELETE, and DBUPDATE operations which
have been performed on a data base since the counter was last reset. The counter is returned
by DBINFO mode 501 as in integer in the range of a double integer. Data base operations
which reset the counter include: creation, erasure, and purging of the entire data base, and
backup of the data base with an HP-supplied utility.

password — provides access to a protected file, volume or IMAGE data set. It is a non-listable string
kept with the file or data set descripton in the file’s directory or data base root file. In HP-UX, a
password is also a string of characters used to verify the identity of a user. Passwords can be
‘ associated with users and groups.
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path — in a data base, the links between master data set entries and the heads of chains of detail
set entries which contain the same key item values.

path count — a number specified in a data base schema which specifies the number of paths a key
item has from a master data set to linked detail data sets.

path specifer — a sequence of directory names separated by slashes (/), and ending in a file name
(any type).

primary entry — in a data base, the record number produced by the calculated access method
hashing algorithm is the primary location. If the key item value stored in that entry hashed to
that location, it is the primary entry. A different key item value which also hashes to the same
record is called a synonym and is stored in a secondary entry.

primary path — in a data base, the path represented by the first defined master data set which is
linked to the first search item in the specified detail data set. If no DBFIND is performed, a
chained DBGET in a detail data set uses the primary path.

pseudonym — one of zero to four alternate names for a data base data item. The list of
pseudonyms for an item is returned by DBINFO mode 107.

schema — a description in IMAGE/9000 schema language which defines the structure of a data
base. The schema is normally created in a file. The SCHEMA processor program reads the ‘
schema text file as data to create the root file.

schema instructions — optional keywords in a schema, used to provide page control and select
options.

schema processor — a program that processes the schema text file and produces the root file.

SDF — an abbreviation for Structured Directory Format. SDF provides tree-structured access to
files through the root directory of the volume. Unlike LIF and 9845, SDF supports file type
DIR (directory). Each DIR file contains its own catalog of files, which can include additional
DIR files.

search item — an item in a detail data set having associated pointers which link its entry to a chain
of detail entries containing the same value for that item. The chain is linked to one or more
master data sets in which that item is key item.

secondary entry — a master data set record occupied by a data entry which cannot be stored
(DBPUT) at its primary location because that record is already occupied by an entry having a
different key item value. A secondary entry is linked to its primary location by a synonym
chain.

sector — the smallest unit of data written or read by mass storage device drivers. A sector is
typically 256 bytes long, and is sometimes referred to as a “‘physical record’.
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serial access — the reading or writing of records in a file sequentially. In a data base, the reading
(DBGET) or writing (DBUPDATE) of entries sequentially.

sort item — a data item in a detail data set which is used by IMAGE to sort a chain in DBPUT. New
entries are inserted in the current chain in ascending order according to the value of the sort
item. Duplicate sort item values are inserted in chronological order.

status array — an integer array with at least ten elements, into which status information is returned
after most DBM operations.

synonym — a key item value which hashes to a record already occupied by a different key item
value. A new synonym is stored in the next available free record, which is then linked to the
primary location by a synonym chain. This is called a secondary entry.

volume — a complete and separate unit of mass storage which represents an independent file
system. It is often a unique mountable medium such as a floppy disc. It is the largest organiza-
tional unit of mass storage on a medium.

volume label — a literal which uniquely identifies a volume. The name consists of HP 9000
characters excluding the slash (/), less-than (<), colon (:) and semicolon (;). A single period (.)
or double period (..) cannot be used as a label. Leading and embedded blanks are deleted.
Any name with a length less than the maximum for the directory format is considered to have
trailing blanks.

In a Structured Directory (SDF), labels are 1 to 16 characters long.
In an HP 9835/9845 directory (9845), labels are 1 to 6 characters long. If strict compatability

with the HP9835/45 is desired, you should also restrict 9845 labels to exclude the ASCII NUL
(CHR$(0)), comma (,) space ( ), and the DEL (CHR$(127)) characters.
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Appendix I
HP IMAGE Data Base Compatibility

Introduction

This Appendix compares the specifications and capabilities of IMAGE/9000 to IMAGE/250,
IMAGE/1000, IMAGE/3000 and IMAGE/45. 1t is intended to summarize the considerations in-
volved in transporting data bases between Hewlett-Packard computer systems, and in the writing of
data base programs intended to execute on multiple systems. The information here may not
represent the most recent specifications for products other than IMAGE/9000.

Specifications
Data Bases
HP 9000

‘ BASIC | HP-UX | HP 250 | HP 1000 | HP 3000 | HP 9845
Data bases per computer note! | note! | note! note! note! note!
Data base name length in bytes 16 14 6 6 6 4
Data bases open to one program/process 100 100 5 note? 63 5
Data base open at one time 100 100 30 note? note? 5
Volumes per data base 20 20 4 n.a. n.a. 24
Directory structure SDF | SDF 250 1000 3000 [ 9835/45.

Passwords
HP 9000
BASIC | HP-UX |HP 250 [ HP 1000 | HP 3000 | HP 9845
Data base files protected YES | YES YES YES YES YES
Maintenance word length in bytes 16 16 YES n.a. 8 6
Number of DBOPEN passwords 13 13 31 15 63 31
Password length in bytes 16 16 8 6 8 8
Password character restrictions IMAGE| none | none none ASCII none
name

Password grants access to ... level Set Set Set Item Item Set

1 Limited only by the total disc space on the system.
2 | imited by available system memory.



1-2 HP IMAGE Data Base Compatability

Data Sets
HP 9000
BASIC | HP-UX | HP 250 | HP 1000 | HP 3000 | HP 9845
1 Data sets per data base 63 63 50 50 99 32
Sets span volumes? NO NO NO NO NO NO
Data set name length in bytes 16 14 8 6 16 15
Lower case allowed? YES YES NO NO NO YES
Set types AMD | AMD|AMD | AMD AMD (AMD
Data Paths
HP 9000
BASIC |HP-UX | HP 250 | HP 1000 | HP 3000 | HP 9845
Paths per master set 31 31 8 16 16 16
Paths per detail set 31 31 8 16 16 16
Optional sorted chains YES YES NO YES YES NO
Extended sort on equal sort items NO NO n.a. NO YES n.a.
Sort LEXICAL orders 5 ASCII | ASCII | ASCII ASCII ASCII
Data Entries
HP 9000
BASIC | HP-UX | HP 250 | HP 1000 | HP 3000 | HP 9845
Entries per data base note! | note! note! note! note! note!
Entries per data set note® | note® | 65534 | note® note® 32767
Data entry length in bytes note® | note® [ 1022 4092 (8388608 1022
Media record length in bytes note® | note® | 1024 4096 (8388612 1024
Migrating secondaries NO NO YES NO YES YES

1 Limited only by the total disc space on the system.
3 Limited only by disc volume size.
4 This feature fully supported only by QUERY.
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Computer
Data Items S
HP 9000
BASIC [ HP-UX | HP 250 | HP 1000 | HP 3000 | HP 9845

ltems per data base 1023 | 1023 255 255 255 255
ltems per data set 1023 | 1023 127 127 255 127
Item name length in bytes 16 16 15 6 16 15
Lower case in names YES | YES NO NO NO YES
Item types:

Enumerated CODE c2 - - - - |

16-bit integer 12 12 | Il I,J |

16-bit unsigned - - - - K1 -

32-bit integer 14 14 - - 12,J2 -

32-bit floating R4 R4 S R2 R2 S

64-bit floating R8 R8 L - R4 L

Packed decimal - - - - Pn -

Zoned-decimal str. - - - Xn* Zn -

String, uppercase - - - - Un -

String, any 8-bit Xn Xn Xn Xn Xn Xn
Xn: max n in bytes note® | note® | 1022 255 4094 1022
Floating pt. format IEEE | IEEE | BCD 1000 3000 BCD
Search item length 256 256 255 255 4094 255
Sort item length 256 256 na. 255 254 n.a.

Data Item Extensions
HP 9000
BASIC [ HP-UX | HP 250 | HP 1000 [ HP 3000 | HP 9845

Compound (array) items YES | YES YES YES YES YES
Number of dimensions 6 6 1 1 1 1
Max element count note® | note® 50 2048 255 511
CODE value string length, bytes 16 n.a. n.a. n.a. n.a. 15%
CODE values per item 32 n.a. n.a. n.a. n.a. 354
CODE values per data base 255 n.a. n.a. na. n.a. 250%
Default NULL values YES | YES NO NO NO YES*
PICTURE/CONTROL word YES? | NO NO NO NO YES*
Pseudonym name length, bytes 16 n.a. n.a. n.a. n.a. 154
Pseudonym names per item 4 na. n.a. n.a. n.a. 54
Pseudonym names per data base 255 n.a. n.a. n.a. n.a. 250%
RANGE limits YES* | NO NO NO NO YES*

3 Limited by disc volume space
4 This feature fully supported only in QUERY.
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IMAGE Intrinsics
Implementation
HP 9000
BASIC | HP-UX |HP 250 | HP 1000 [ HP 3000 | HP 9845
Software in... RAM | RAM [ DROM | RAM RAM ROM
Host Languages
HP 9000
BASIC |HP-UX |HP 250 | HP 1000 | HP 3000 | HP 9845
Assembly n.a. n.a. n.a. YES SPL NO
BASIC, compiled YES n.a. n.a. YES n.a. n.a.
BASIC, interpreted n.a. n.a. YES YES YES YES
C n.a. YES n.a. YES n.a. n.a.
COBOL n.a. n.a. n.a. YES YES n.a.
FORTRAN n.a. YES n.a. YES YES NO
Pascal n.a. YES n.a. YES YES NO
RPG n.a. n.a. n.a. n.a. YES n.a.
Syntax
HP 9000
BASIC |HP-UX| HP 250 |HP 1000 | HP 3000 | HP 9845
Status array size in bytes 40 20 20 20 20 20
Status array variable type DOUBLE | any |INTEGER any any INTEGER
Full record list mode “@” “@” “@” “@” “@” “@”
[tem name list mode YES YES YES YES YES NO
ltem number array list mode NO YES NO YES YES NO
Current list mode xR e NO NO s NO
Null list (no write/no read) YES YES NO YES YES NO
Single buffer for data YES YES YES YES YES NO
Variable list for data or YES NO YES YES® YES® NO
“IN DATA SET”
DBBEGIN
HP 9000
BASIC | HP-UX | HP 250 | HP 1000 | HP 3000 | HP 9845
Define beginning of logged transaction NO NO NO NO YES NO

5 This feature available only in BASIC
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DBBUFFER
HP 9000
Modes BASIC | HP-UX [ HP 250 | HP 1000 | HP 3000 | HP 9845
Control I/O buffer size YES NO NO NO NO NO
Control 1/O buffer count YES NO NO NO NO NO
DBCLOSE
HP 9000
Modes BASIC [HP-UX | HP 250 | HP 1000 | HP 3000 | HP 9845
Close entire data base 1 1 1 1 1 1
Close a specified data set 2 2 - 2 2 -
Rewind a specified data set 3 3 3 - 3 -
Post a specified data set’s buffers 4 4 4 - - 4
Automatic DBCLOSE on program stop/| YES YES NO NO NO NO
abort
DBCONTROL
HP 9000
Modes BASIC | HP-UX | HP 250 [ HP 1000 | HP 3000 | HP 9845
Deferred or immediate posting 1,2 1,2 - - 1,2 -
Load CODE table into memory 3,4 - - - - -
Load PSEUDONYM table into memory 56 - - - - -
DBCREATE
HP 9000
BASIC |HP-UX [ HP 250 | HP 1000 | HP 3000 | HP 9845
Create empty data set YES YES YES NO DBUTIL YES
DBDELETE
HP 9000
BASIC | HP-UX | HP 250 | HP 1000 | HP 3000 | HP 9845
Delete current entry YES | YES YES YES YES YES
DBEND
HP 9000

BASIC [HP-UX | HP 250 [ HP 1000 | HP 3000 | HP 9845
Define the end of a logged transaction NO NO NO NO YES NO
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DBERASE
HP 9000
BASIC |HP-UX | HP 250 | HP 1000 | HP 3000 | HP 9845
Return a data set to the empty state YES YES YES NO DBUTIL YES
DBERROR
HP 9000
BASIC |HP-UX | HP 250 | HP 1000 | HP 3000 | HP 9845
Get short text error message NO NO NO NO YES NO
DBEXPLAIN
HP 9000
BASIC | HP-UX | HP 250  HP 1000 | HP 3000 | HP 9845
Send long text error message to log device | NO NO NO NO YES NO
DBEXTEND
HP 9000
BASIC | HP-UX | HP 250 [ HP 1000 | HP 3000 | HP 9845
Increase capacity of existing data set YES YES NO NO NO NO
DBFIND
HP 9000
BASIC |HP-UX | HP 250 [ HP 1000 | HP 3000 | HP 9845
Set up detail chain YES | YES YES YES YES YES
DBGET
HP 9000
BASIC | HP-UX | HP 250 | HP 1000 | HP 3000 | HP 9845
Re-read current record 1 1 - 1 1 -
Serial forward 2 2 2 2 2 2
Serial backward 3 3 - 3 3 -
Directed 4 4 4 4 4 4
Chained forward 5 5 5 5 5 5
Chained backward 6 6 - 6 6 -
Calculated 7 7 7 7 7 7
Primary calculated - - - - 8 -
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DBINFO
HP 9000
Modes: item info BASIC | HP-UX | HP 250 | HP 1000 | HP 3000 [ HP 9845
Item number 101 101 101 101 101 101
item name, type and size 102 102 102 102 102 102
[tem count and item numbers 103 103 - 103 103 -
Set’s item count and item numbers 104 104 104 104 104 104
Set’s item count and fields 105 105 - - - 501
Item NULL values 106 n.a. - -
Pseudonym count and pseudonym values 107 n.a.
CODE count, values 108 n.a. - -
PICTURE word, NULL and RANGE values | 109 n.a. - - 102
Item dimensions, size and bounds 110 110 - - -
DBINFO
HP 9000
Modes: Set info BASIC |HP-UX | HP 250 | HP 1000 | HP 3000 | HP 9845
Set number 201 201 201 201 201 201
Set name, entry and capacity 202 202 202 202 202 202
Set count and set number 203 203 203 203 203 203
Set in which item is found 204 204 204 204 204 204
Set list and open status 205 205 - - - -
Media record and buffer info 206 - - - -
DBINFO
HP 9000
Miscellaneous modes BASIC |HP-UX |HP 250 | HP 1000 | HP 3000 | HP 9845
Paths, set, key and sort item info 301 301 301 301 301 301
Key item and set number 302 302 302 302 302 302
Modification count and lexical order 504 504 - - - -
Volume number 601 601 401 - - 401
Directory specifier 602 602 402 - 402
Directory path count and volume number 603 603 403 - - 403
Set count and set numbers 604 604 404 - 404
Directory path specifier 605 605 - - - -
Get chain info - - - 401 - -
Restore chain info - - 402 -
Get log info - - 401 -
Check access - 501 -
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DBLOCK
HP 9000
Modes BASIC | HP-UX |HP 250 | HP 1000 | HP 3000 | HP 9845
Odd = with wait, Even = without wait YES YES YES YES YES n.a.
Entire data base 1.2 1,2 1,2 1,2 1,2
Single data set 34 34 34 - 34 -
Record (predicate) - - 5,6 5,6
List of data sets 7.8 7,8 - - -
Data base, read-only - - 11,12 -
Data set, read-only - 13,14 -
Record, read-only 15,16 - -
DBMEMO
HP 9000
BASIC | HP-UX|HP 250 | HP 1000 | HP 3000 | HP 9845
Send message to log device NO NO NO NO YES NO
DBOPEN
HP 9000
Modes BASIC [ HP-UX |HP 250 | HP 1000 | HP 3000 | HP 9845
Shared read/write, locking required 1 1 1 1 1 -
Shared read/write, without locking - - - - 2 -
Exclusive read/write 3 3 3 3 3 3
Exclusive write, shared read - - - - 4 -
Shared read with other mode 1,5,9 - - - 5 -
Shared read with other mode 4,8,9 6
Exclusive read - - - - 7 -
Shared read 8 8 8 8 8 8
Mode 3 with deferred buffer posting 11 - - - - 11
Open a remote data base - - NO YES YES NO
Share a remote data base - n.a. YES YES n.a
DBPURGE
HP 9000
BASIC | HP-UX |HP 250 | HP 1000 | HP 3000 | HP 9845
Purge existing data set YES YES YES NO DBUTIL YES
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DBPUT
HP 9000
BASIC | HP-UX | HP 250 | HP 1000 | HP 3000 | HP 9845
Add new data entry YES | YES YES YES YES YES
DBSTATUS
HP 9000
BASIC | HP-UX | HP 250 | HP 1000 | HP 3000 | HP 9845
List data base status report YES | YES NO | DBSPA | DBUTIL NO
DBUNDO
HP 9000
BASIC | HP-UX | HP 250 | HP 1000 | HP 3000 | HP 9845
Cancel uncommitted transaction log NO NO NO NO YES NO
DBUNLOCK
HP 9000
Modes BASIC | HP-UX | HP 250 | HP 1000 | HP 3000 | HP 9845
Release all locks owned 1 1 1 1 1 n.a.
Release only specified data sets 2 2 - - - n.a.
DBUPDATE
HP 9000

BASIC |HP-UX | HP 250 | HP 1000 | HP 3000 | HP 9845
Alter current record YES YES YES YES YES YES
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Data Base Backup
HP 9000
BASIC |HP-UX | HP 250 | HP 1000 | HP 3000 | HP 9845

Unload/reload set data to/from disc QUERY| NO YES |DBLOAD| YES DBLOD

DBULD DBUNLD
Unload/reload set data to/from tape NO NO NO | DBULD | YES NO

DBLOD
Save/restore sets to/from disc as sets QUERY! NO YES DBSTR YES YES

DBRST
Save/restore sets to/from tape as sets NO NO NO DBSTR YES NO

DBRST
Save/restore sets to/from disc as files. COPY tar COPY | FCOPY, YES COPY

cp others
Save/restore sets to/from tape as files YES tar NO | FCOPY, YES YES
cp others
Save/restore volume to/from disc YES YES YES YES YES YES
Save/restore volume to/from tape YES YES NO YES YES YES
Miscellaneous
HP 9000
BASIC | HP-UX | HP 250 | HP 1000 | HP 3000 | HP 9845

DBBLD: build data set from ASCII file NO NO NO YES NO NO
RECOV: close a data base left open n.a. n.a. n.a. YES YES NO
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QUERY
HP 9000
BASIC | HP-UX | HP 250 | HP 1000 | HP 3000 | HP 9845

Availability YES NO YES YES YES YES
Interactive YES n.a. YES YES YES YES
Batch NO n.a. NO YES YES NO
Commands from files YES® | na. | YES® YES YES NO
Output to files NO na. [SPOOL| YES YES NO
Opens data base shared or exclusive EXC n.a. EXC EXC Opt. n.a.
Forms mode YES n.a. YES NO NO YES
Report writer NO n.a. NO YES YES NO
Run user subprogram YES n.a. n.a. n.a. n.a. YES
Create data base (DEFINE module) YES n.a. NO NO NO YES
List schema YES n.a. YES YES YES YES
Diagram schema YES n.a. NO NO NO YES
Threads (multi-set searches) YES n.a. YES NO YES YES
ltem type extensions:

CODE YES n.a. NO NO NO YES

CURRENCY NO n.a. YES NO NO NO

DATE YES n.a. YES NO NO YES

NAME YES n.a. NO NO NO YES

PICTURE numeric YES n.a. NO NO NO YES

RANGE YES n.a. NO NO NO YES

REQUIRED NO n.a. NO NO NO YES

TIME (CLOCK) YES n.a. YES NO NO YES

TIMEDATE YES n.a. YES NO NO YES

USER/UNDEFINED YES n.a. YES NO NO YES

WRITE inhibit NO n.a. YES NO NO NO
Sort data YES n.a. YES YES YES NO
Alter data base YES n.a. YES NO NO YES

6 Formal commands only.
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Appendix P

Pascal Programming Language
Considerations and Examples

Data Base Item Types

The following table summarizes the correspondence between the IMAGE type designators, the
terminology used in this manual and the Pascal variable types.

Designator Description Pascal variable type Size in bytes
12 16-bit integer -32768..32767 2
14 32-bit integer integer 4
R4 32-bit real real 4
R8 64-bit real longreal 8
Xn character string packed array [1..n] of char n

Pascal Library Calls

You need to predeclare calls to IMAGE-UX from the Pascal language as externals. For example, a
Pascal program using dbopen could have the following:

tvyrpe base_tvyrpe = packed arrav [1..B0] of char;
Pass_tyre = packed arrav [1.,.1G6] of char3s
ilG_tvpe = -3276B,.327G75
mode_tvyre = ilG_tvresd
st.tvrpe = packed arrav [1,.,10] of ilG_tvpre:s
procedure dboren (var base : base_tvres

var pass @ Pass_tYPe}d
var mode : mode_tyres
var st ¢ st_type)}
extermalid

You could identify the actual IMAGE-UX library routines (contained in /usr/lib/libim.a) at compile
time using the -1 option. For example:

PC P/mvsource,P -0 bin/mvobject -lim
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Pascal Aliasing

Suppose a program is doing dbputs to two different data sets. Only one type declaration can be
given for the buffer parameter for the external procedure declaration for dbput How can we
express two different dbput buffer parameters? The simplest way is to use the Pascal compiler’s
ALIAS option. This allows you to refer to a routine by a name in the source code that is different
from the name used in the object code. You define several routines with different parameter lists
that represent the same dbput library call. For example:

{+ PUT_BUF_SET_A and PUT_BUF_SET_B are the buffer *>}
{* structures for the two sets we rFrlan to use, *F

tvepe PUT_BUF_SET.A

rpacked arravy [1,.,120] of chars;s

PUT_BUF_SET_B packed record of
cnt & inteders
str : packed array [1.,.20]1 of char}

ends

procedure PUT._.TO_SET.A $ALIAS *dbrut’$
( var db_namr : database_rame}s
var data.set : dset_vname:?
var put_mode : single_inteder;
var status : image_Put_.status_tvre;)
var put_list : lr_stringd2s
var put_buf_a : PUT_BUF_SET_A})}S
externals

procedure PUT_TO.SET_B $ALIAS *dbput'$
( var db_vnamr : database_names3
var data_set : dset_mame:?
var put_mode : sindle_inteders
var status : imade.pPut_.status_tvre;)
var Put.list @ lr_strind2s
var put_buf._.b : PUT_BUF_SET_B) 1
externals

Instead of using dbput in your program, you can now use either of the following:
PUT_TO_SET_A (db_wmamrsdata.setsput_modesstatussput_listsput_buf_alsi

PUT_TO_SET_B (db_wamrsdata_setsput_modesstatussput_listsput_buf_b)3




All parameters to IMAGE-UX must be call-by-reference; parameters must point to the actual data.
In Pascal, you must declare each parameter as a ‘‘var’ parameter as in the previous examples.

{# LIB.Pdemo,P -
{* Given a Kev
{* and chained

Pascal Programming Language Considerations and Examples

Pascal Parameters

Pascal Language Example

demo Progdram on using Pascal/
values t
dbdets.

{* AIM: BASIC allows som

his prodram does a db
The LIBRARY data base

e packing of informati

IMAGE
find

is used,

on which is
1 exhibit

ke the

landuade

of

{* not allowed in PASCAL/9000, This Program wil

{* the problem.

{* To avoid the problem. if PASCAL is to

{* choices character fields in data sets should all hawe a
{* multirple of 4 # of characters.

{*

{# Here’s one Possible
{* pc p/LIB.prdemo.rP -

Prodram assigni{inPut, ou

Type Declarations

tvpe
single_inteder
bhase_tvpre
Pass_tvPe
status_tvre
dset_tvPe
item_tvrPe
list_tvpre
Kev_tvpre

badrpackedbuf_tvpre

oklrpackedbuf_tvpre

okZrackedbuf_tvere

buffer_tvre

-3276
Packe
rpacke
array
Pachke
packe
rpachke
rpacke

= Pa
tit
cal
aut
sub
Pub
Pub
Pri

end?

way to compile this Progdram:

lim -0 bin/LIB.Pdemo

tPuUt) i

8.,,32767}

d array [1.,.181 of chars

d arravy [1.,1681 of charj
[1.,,10]1 of sindle_intederi

d array [1..161 of chari

d arrary [1,.1B8] of charji

d array [1.,.220] of charj

d array [1..40]1 of chari

cked record

le : packed arrav
Ino : inteder;

hor : packed arrav
Ject : Packed arrav
_date : londreals
lisher : PacKed arrav
ce : reals

= packed record

tit
aut
sub
Puh
ends

le : packed arrav
hor : packed arrav
Jject : pacKed arrav
lisher : packed arrav

= packed record

cal

Pub

Pri
end?

Ino t intederi
_date : longdreal?
ce : reali

record case inteder of
(badpackedbuf : badrpacKedbuf_tvpe)i

1:

2.

3:
endsi

(oklpacKkedbuf
(oKZPackedbuf

[1,,201

[1,,251
[1.,.301

[1,.301

[1..,301
[1,.251
[1..301]
{1.,301

of

of
of

of

of
of
of
of

chari

chari
char}

chars

charj
chari
chari
chari

oklpackedbuf_tvre)i
okZprpackedbuf_tvrPel)i

*3
*3
*3

*3
*3
*}
*3
*3
*3
*}

*}
*}
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Variable Declarations

var
base : base_tvpPei
Pass : Pass_tvpPei
mode : single_integder:
dset : dset_tveesl
stat ! status_tvrPesl
list : list_tyrPed
item : item_tvrpei
dJuml : intederi
b f r buffer_tvres
Jum2 : intederi
bufl : buffer_tveel
Jum3 : intederi
buf2 : buffer_tyees
Kev ¢ Kev_tvyped
arg P inteders

External Declarations

{ NOTE: The dbdet buffer uses a wvariant record tvepe to account for the }
{ Jifferent buffer tvres., The Pascal ALIAS orption could be used 3
{ instead, 3}

base_tvpe}

Pass_typrel
sindle_integers
status_typPe)i externali

procedure dJboren (var base
var Pass
var mode
var stat

procedure dbfinmd (war base : base_tvprej
var dset : dset_tyres
var mode : sindle_inteder}i

var stat status_tvres
uar item item_tvpres
var Key : Kev_tvepeli externali

procedure dbdet (war base : base_tvres
var dset : dset_tvPes
var mode : sindle_inteders
var stat : status_tvres
var list : list_tvprei
var buf : buffer_tveei
var arg : inteder)i externali

procedure dbclose (war base : base_tvpres
var qual : Pass_tyPes
var mode : sindle_inteder]i
var stat : status_tvee)i externals

Error Message Routine

procedure db_msd (list 3 list_tvpres
stat @ status_tvyPe)i

var
i : inteders

bhedin
write (list)]
for i := 1 to 10 do

write (° “y statlil:3)3
Wwritelni writelni
halt (1)1

endj



Print Entry Routine

procedure Prtentry (buf

be

en

gin

bufl
buf2

Pascal Programming LLanguage Considerations and Examples

buffer_tvees
buffer_tvre)

buffer_tvre)s

writeln (’Entry #: ‘' statld1:S)i

with buf.,badrackedbuf o

bhedin
writeln
Wwriteln
writeln
Wwriteln
Wwriteln
writeln
writeln
Wwriteln
writeln
endj
writeln ¢
writeln ¢
Wwriteln
writeln (
writelwn (
writeln ¢
writeln

Wwritelni
d3

Main Program

be

{ Print header

Dbopen Example

ba
b a

Pa

gin

writelni
Wwrite (°
Wwritelni
Wwrite (7
writeln

writeln
writeln
writeln
Wwriteln

writelw (
writeln ¢
Wwritelns

’

se &=
sel10] :=

¥

0

‘%#*% Misalidned

’

Titl

e

Call #=:

Autho
Subdec
Publishe
Pric

‘*%% Properly

’

writeln

Title:
Call #:
Author:

Subdect:
Publisher:
Price:

informatio

Wwritelns

Given a particular AUTHOR

r:
ts
r:
e:

align

’
’
’
’
’

’

L

t

)
+
¥
*
L

¥

buffer *%*%7)3
‘o title) s

v callno:10)3
+ author)i

sy subject) s

y Publisher)i
+ PricesS:t2) 3}

ed buffer *%%7)3

bufl,oklpackedbuf,title) 3
bufZ2,ok2rpackedbuf,callno:B8) 3
bufl,oklrackedbuf,author)s
bufl.oklrackedbuf.subdiect) i
tufl,oKklirpackedbuf,Publisher)i
buf2.0kZrackedbuf.Price:5:2) 3

(ST EET ST EEELEEZE SR LRSS S EEE S L S I

Pascal/IMAGE Demo Program’) i

writelns

EEEEEEEXEREXEEEREFRRERRRRER )

does a dbfind on the
in the LIBRARY

data base

name

NOTE: Results of eprorerly and
buffers are also divens )3

LIBRARY ‘3

chr(Q);

ss 1= ‘LIBRMGR’3J

,e

rpass[B1 :=

mo
db
if

de == 13

h

oren (base:

(statll]

then db_msg

.
3

Pass s mode
[s3)
(‘*#%% Error

{Terminator

stat)i

on

dboren:

.
H

stat) i

(SAGE ,EDWIN

imProrerly

must be semicolons blank

Yy

this Pprodram’)i
detail set BOOK to find all booKs )i
written by this authaor.’)3

alidgning det’)

or

null

char?}
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Dbfind Example

{ Set up chain in dset BOOK for AUTHOR=EDWIN SAGE. 1}
mode 1= 13
dset 'BOOK ‘3

= 1 4

dset[5] == i {For bKward compatibilitys blanK is a walid terminator,?

item 1= ‘AUTHOR'3 item[71 :% chr(0)s

Kev := ‘SAGEJEDWIN "3
dbfind (base: dsets modes stats item: Kev)i
if (statl1]l <> Q)

thev db_msg (’%*%% Error on dbfind: ‘» stat)]

Chained dbget Example

while (statfl1] = 0) do
bhedin
listl11 := ‘B’5 1ist[2] = chr(0)i
mode 1= 53
dbdet (bases dsets modes stats lists buf, ardli
if (statli1l]l < Q)
thern if (statl1]l = 13)
then writeln (‘End of chain on dbdet.,’)
else db_msg ('#*¥* Error on dbdet: '+ stat)
else { Got a do0o0d record %}
bedin
mode 1= 13
list = ‘TITLE+AUTHORsSUBJECT »FUBLISHER ]
dbdet (kases dset, mode, stat, list, bufl, ard)s
if (statf1] <& 0)
then db_msd (’#*%¥% Error on dbdet: ‘s stat)]

mode = 13
list := ‘CALL_NUMBER PUBLISHED_DATE +PRICE "3
dbhdet (bases dsets modey stats list: buf2, ard)i
if (statll1l <> Q)
then db_msg (’%%%¥ Error on dbdet: ‘v stat)
else Pprtenmtry (bufs bufly buf2)
ernd 3 { Else of dood record 1}

ends { while loor }

Wwritelnsi

Dbclose Example

mode = 13
dbclose (base: Pass: modes stat)s
if (statl1l <% 0)
then db_msd (‘#%% Error on dbclose: ‘4 stat);s

END .
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Appendix Q
QUERY Type Extensions

Introduction

In addition to the normal numeric and string types, IMAGE provides your application program
access to data type CODE and type extensions NULL, PICTURE, PSEUDONYM, and RANGE.
IMAGE supports the NULL extension. Only QUERY transparently supports the other types.

Each of these extensions is implemented as an entry or table in the data base root file. You can
retrieve this information in your application program via DBINFO. You can interpret this informa-
tion in any manner appropriate to your application, but it is suggested that you use the QUERY
definitions.

The QUERY definition for all of these types except PICTURE is fully described in Chapter 2 of this
manual, and in the description of DBINFO in your Reference manual.

SCHEMA only partially supports the use of the PICTURE type attribute. You can specify a double
integer constant in the PICTURE expression. DBINFO can return the constant to your program, but
does not interpret it. This appendix describes the QUERY interpretation of the PICTURE constant.

QUERY defines five PICTURE interpretations: TIMEDATE, DATE, NAME, NUMERIC and TIME.
Each implies that the data is in a certain form and may imply a conversion which is performed on
the data when it is stored in or retrieved from the data base.

PICTURE Interpretations and IMAGE Data Types

Not all PICTURE interpretations are defined for all data types. The following table summarizes
PICTURE useability.

QUERY PICTURE interpretation
Data Types TIMEDATE | DATE | NAME | numeric | TIME | USER
CODE NO NO NO YES NO YES
String NO NO YES NO NO YES
Integer NO NO NO YES NO YES
Double integer NO NO NO YES NO YES
Shortreal NO NO NO YES NO YES
Longreal YES YES NO YES YES | YES

The PICTURE constant is a double integer, but is treated by QUERY as a 32-bit entity which is
sub-divided into fields consisting of single bits, 2-bit dibits, 4-bit halfbytes, and 8-bit bytes. The
following sections describe each PICTURE word in terms of the “fields” which comprise it.

Q-1
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Default PICTURE Word

If you do not specify a PICTURE extension when you define the data base, the value of the item’s
PICTURE word defaults to zero. A value of zero means that QUERY assigns no interpretation to the

data item.
bits 31 thru 28 27 thru 00
field Type Not Used
range 0 0

PICTURE Words TIMEDATE, DATE and TIME

TIMEDATE, DATE and TIME signify that the longreal item value represents a Julian time and date.
The fields of the word denote how the values are displayed. In the DATE word, the time portion of
the Julian value is ignored. In the TIME word, the date value is ignored.

bits 31 30...28 27 thru 00
field - Type Not Used
range 1 below X
Type field:
Type Binary | Decimal
TIMEDATE 100 4
TIME 101 5
DATE 110 6

PICTURE word values stored in the root file by QUERY/DEFINE:

Type Decimal Hexadecimal
specified value value
TIMEDATE -1073741824 C0000000
TIME -805306368 D0000000
DATE -536870912 E0000000




title. A middle name or initial is also optional. The ordering of the name is:

QUERY Type Extensions

PICTURE Word NAME

NAME signifies that the string item contains a person’s last and first names followed by an optional

Lastname, Firstname Middle, Title

Q-3

bits 31 30...28 26 thru 00
field - Type Not Used

Computer
range 1 6 X . Museum

PICTURE word value stored in root file by QUERY/DEFINE

Type Decimal Hexadecimal
specified value value
NAME -536870912 EO000000

PICTURE Word Numeric

The numeric PICTURE word specifies the form in which the application program should display the
value of the integer, double integer, shortreal or longreal data item type.

bits 31 30...28 27 26 25..24 [28..20| 19..16
field - Type Fixed Sign Not used | Digits | Fraction
Float digits
range 1 6 below | below X below below
Fixed/Float:

Sign: 0 = Display in fixed point format.
1 = Display in floating point format.

0 = Display minus or blank
1 = Display minus or plus

Digits:
Fixed Format: 0...15 Number of optional digits to left of radix indicator; one is required.
Float Format: 0...2 Number of optional digits in exponent; one is required.

Fraction Digits:
Fixed Format: Number of zeros to right of radix indicator.
Float Format: Number of optional zeros to right of radix indicator; one is required.

bits 15 thru 00
field Not Used

range X
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PICTURE word values stored by QUERY/DEFINE for various BASIC image specifiers:

Image Decimal Hexadecimal Image Decimal Hexadecimal
specifier value value specifier value value
SD -335544320 EC000000 SD.16DESZ —470745088 E3F10000
SD.DESZ -469762048 E4000000 SD.16DES2Z -471793664 E3E10000
SD.DES2Z -470810624 E3F00000 SD.16DES3Z -472842240 E3D10000
SD.DES3Z -471859200 E3E00000 S2D -336592896 EBF00000
SD.2D -335765392 EBFE0000 52D.2D -336723968 EBEEO000O
SD.2DESZ —469827584 E3FF0000 $2D.14D -337510400 EBE20000
SD.2DES2Z -470876160 E3EF0000 S3D -337641472 EBEO0000
SD.2DES3Z —471924736 E3DF0000 S3D.2D -337772544 EBDEO00O
D.3DESZ -469893120 E3FE0000 S3D.13D -338493440 EBD30000
SD.3DES2Z -470941696 E3EE0000 S4D -338690048 EBDO00000
SD.3DES3Z -471990272 E3DEO000 $4D.2D -338821120 EBCE0000
SD.4DESZ —-469958656 E3FD0000 $4D.12D -339476480 EBC40000
SD.4DES2Z -471007232 E3EDO0000 S5D 339738624 EBC00000
SD.4DES3Z —472055808 E3DD0000 S5D.2D -339869696 EBBEQOOOO
SD.5DESZ -470024192 E3FC0000 S5D.11D -340459520 EBB50000
SD.5DES2Z -471072768 E3EC0000 Sé6D -340787200 EBB00000
SD.5DES3Z -472121344 E3DC0000 S6D.2D -340918272 EBAEO0000
SD.6DESZ —-470089728 E3FB0000 S6D.10D -341442560 EBA60000
SD.6DES2Z -471138304 E3EB0000 S7D -341835776 EBA00000O
SD.6DES3Z —472186880 E3DB0000 S7D.2D -341966848 EB9E0000
SD.7DESZ —470155264 E3FA0000 S7D.9D -342425600 EB970000
SD.7DES2Z —471203840 E3EA0000 S8D -342884352 EB900000
SD.7DES3Z —472252416 E3DA0000 S8D.2D -343015424 EB8E0000
SD.8DESZ -470220800 E3F90000 S8D.8D -343408640 EB880000
SD.8DES2Z -471269376 E3E90000 S9D -343932928 EB800000
SD.8DES3Z —472317952 E3D90000 S9D.2D -344064000 EB7E0000
SD.9DESZ —470286336 E3F80000 S9D.7D -344391680 EB790000
SD.9DES2Z —-471334912 E3E80000 510D -344981504 EB700000
SD.9DES3Z —472383488 E3D80000 $10D.2D -345112576 EB6E0000
SD.10DESZ —-470351872 E3F70000 S10D.6D —345374720 EB6A0000
SD.10DES2Z —-471400448 E3E70000 S11D -346030080 EB600000
SD.10DES3Z -472449024 E3D70000 $11D.2D -346161152 EB5E0000
SD.11DESZ -470417408 E3F60000 S11D.5D -346357760 EB5B0000
SD.11DES2Z -471465984 E3E60000 S12D -347078656 EB500000
SD.11DES3Z —472514560 E3D60000 $12D.2D -347209728 EB4E0000
SD.12DESZ -470482944 E3F50000 $12D.4D -347340800 EB4C0000
SD.12DES2Z —471531520 E3E50000 S13D -348127232 EB400000
SD.12DES3Z —472580096 E3D50000 $513D.2D -348258304 EB3E0000
SD.13DESZ —470548480 E3F40000 $513D.3D -348323840 EB3D0000
SD.13DES2Z —-471597056 E3E40000 514D -349175808 EB300000
SD.13D353Z -472645632 E3D40000 $14D.2D —-349306880 EB2E0000
SD.14DESZ -470614016 E3F30000 $14D.2D —-349306880 EB2E0000
SD.14DES2Z -471662592 E3E30000 S15D -350224384 EB200000
SD.14DES3Z —-472711168 E3D30000 $15D.D -350289920 EB1F0000
SD.15D -336527360 EBF10000 S16D -351272960 EB100000
SD.15DESZ —-470679552 E3F20000 MD —268435456 FO000000
SD.15DES2Z —471728128 E3E20000 MD.DESZ -402653184 E8000000
SD.15DES3Z —472776704 E3D20000 MD.DES2Z -403701760 E7F00000




QUERY Type Extensions

Image Decimal Hexadecimal Image Decimal Hexadecimal
specifier value value specifier value value
MD.DES3Z —404750336 E7E00000 M2D -269484032 EFFO0000
MD.2D —268566528 EFFEO000 M2D.2D -269615104 EFEEO000
MD.2DESZ —402718720 E7FF0000 M2D.14D —270401536 EFE20000
MD.2DES2Z —403767296 E7EF0000 M3D —270532608 EFEO0000
MD.2DES3Z2 —404815872 E7DF0000 M3D.2D -270663680 EFDEOOOO
MD.3DESZ —-402784256 E7FE0000 M3D.13D —271384576 EFD30000
MD.3DES2Z —403832832 E7EEQ000 M4D —271581184 EFD00000
MD.3DES3Z —404881408 E7DEOO0O M4D.2D 271712256 EFCEOQ000
MD.4DESZ —-402849792 E7FD0000 M4D.12D —272367616 EFC40000
MD.4DES2Z —403898368 E7EDO00O M5D 272629760 EFC00000
MD.4DES3Z —404946944 E7DD0000 M5D.2D —272760832 EFBEOOOO
MD.5DESZ —-402915328 E7FC0000 M5D.11D —273350656 EFB50000
MD.5DES2Z —-403963904 E7EC0000 Me6D —273678336 EFB0O0000
MD.5DES3Z —-405012480 E7DCO0000 Me6D.2D —273809408 EFA60000
MD.6DESZ —402980864 E7FB0000 M6D.10D —274333696 EFAE0000
MD.6DES2Z —-404029440 E7EB000O0O M7D -274726912 EFA00000
MD.6DES3Z2 —405078016 E7DB0000 M7D.2D —274857984 EFSE0000
MD.7DESZ —403046400 E7FA0000 M7D.9D —275316736 EF970000
MD.7DES2Z —-404094976 E7EA0000 M8D —275775488 EF900000
D.7DES3Z —-405143552 E7DA0000 M8D.2D —275906560 EF8E0000
MD.8DESZ —403111936 E7F90000 M8D.8D -276299776 EF880000
MD.8DES2Z —-404160512 E7E90000 M9D -276824064 EF800000
MD.8DES3Z —405209088 E7D90000 M9D.2D -276955136 EF7E0000
MD.9DESZ —-403177472 E7F80000 M9D.7D -277282816 EF790000
MD.9DES2Z —-404226048 E7E80000 M10D -277872640 EF700000
MD.9DES32Z —-405274624 E7D80000 M10D.2D -278003712 EF6E0Q000
MD.10DESZ —-403243008 E7F70000 M10D.6D —278265856 EF6A0000
MD.10DES2Z 404291584 E7E70000 M11D -278921216 EF600000
MD.10DES32Z —405340160 E7D70000 M11D.2D -279052288 EF5E0000
MD.11DESZ —403308544 E7F60000 M11D.5D —279248896 EF5B0000
MD.11DES2Z —404357120 E7E60000 M12D -279969792 EF500000
MD.11DES32Z2 —405405696 E7D60000 M12D.2D —280100864 EF4E0000
MD.12DESZ —403374808 E7F50000 M12D.4D -280231936 EF4C0000
MD.12DES2Z 404422656 E7E50000 M13D —281018368 EF400000
MD.12DES32Z2 405471232 E7D50000 M13D.2D -281149440 EF3E0000
MD.13DESZ —403439616 E7F40000 M13D.3D -281214976 EF3D0000
MD.13DES2Z —-404488192 E7E40000 M14D -282066944 EF300000
MD.13D353Z —-405536782 E7D40000 M14D.2D —282198016 EF2E0000
MD.14DESZ —403505152 E7F30000 M14D.2D -282198016 EF2E0000
MD.14DES2Z —404553728 E7E30000 M15D —283115520 EF200000
MD.14DES3Z —-405602304 E7D30000 M15D.D -283181056 EF1E0000
MD.15D —269418496 EFF10000 M16D -284164096 EF100000
MD.15DESZ —403570688 E7F20000
MD.15DES2Z —404619264 E7E20000
MD.15DES32 —-405667840 E7D20000
MD.16DESZ 403636224 E7F10000
MD.16DES2Z —-404684800 E7E10000
MD.16DES3Z2 —405733376 E7D10000
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Q-6 QUERY Type Extensions

User-Defined PICTURE Word

Values of the PICTURE word in the range 1 through 2 147 483 647 are treated the same as 0 by
QUERY. This range is reserved for user defined interpretations.

bits 31 26 thru 00
field - User - Defined
range 0] X




Useful Tables

Appendix T

Useful Tables

HP 9000 Character Codes

The following tables list the characters available on the HP 9000 internal printer and display. The
representation on an external printer or terminal may differ. For each character, the tables show its
graphic representation on the printer, its description, and its binary, octal, decimal, and hexadecim-
al code value.

If it is a control character, it may not print or display unless the DISPLAY FUNCTIONS mode of the
device is enabled. The ASCII control characters can be generated by simultaneously pressing
(CcTRL), CNTL or and the key listed in the CTRL Char column of the table. On most
HP terminals, the BEL character is represented as a different symbol.

HP 9000 ASCII Control Character Codes

Gra—-|CTRL| RSCII Character CHE#
phic|Char| ARbbreviatiom, Description Binary Qet De He
b ] HUL, Hul1 oBREBBE BoQ (Shs]] (S]]
% A S50H,Start 0f Header Be00B06 1 [s]: B} a1 a1
% B STA,S5tart Of Text BEBHHB1LH Baz [lshe Bz
E C ETZ,End 0f Text pooBRE11 6oz BE 2 (53]
£ I EQT,End Of Tranzmission 98888198 Ba4d BE4 a4
& E ENR, Enguiry 0e08e161 ans Bas a5
% F RCE,Acknowledge poBEa116 (5Ts ] (515 He
B [ BEL,Bell,attention signal poBEE111 Ba7 Ba7 8y
Es H BS,Backspace oPBPO16804 a1 [SREE= Sk
% I HTyHorizontal Tab pobe1601 811 Baa g3
¥ J LF,Line-feed bgvelolo 212 818 8A
b k. YT,Vertical Tab gaeelall ats a1t aE
3 L FF,Form—fesed pBva1 1848 a14 B12 B
® M CR,Carriage-return 0pPB1161 @13 813 BlD
] H S$0,5hift Out Bpaa1118 Ble g14 BE
kS 0 SI,Shift In peEe1111 017 815 aF
1 P DLE,Data Link Escape gaa1v08a B2a Bile 18
Y e Ic1,Device Control 1,x-0H peB188061 821 817 11
% 4 ICz,Device Control 2 poE18010 B2z a1z 12
o 5 DC3,Dewvice Control 3,x-0FF BEv18611 Bz23 @19 1z
o T DC4,Dewvice Control 4 89818158 824 Bze 14
i u MAK, Hegat ive Rcknowledge sgelBlal B25 Bz1 15
) v EYH, Synchronous idle gep18110 B2E B2 16
B 7] ETE,End Transmission Block ABP1E111 b2y az3 17
) H CAH,Cancel g581168886 B3a Bz24 1z
E i EdM,End OFf Medium popl 1601 631 Bz3 13
3 Z SUB,5ubzstitute gpE118149 832 [2]=3- 1A
E L ESC,Escape HgB11611 B33 (Sh=irg 1B
F ~ FS,File Separator Bpo111809 B34 8238 ic
s ] G5,Group Separator BBB11181 B39 az9 1D
3 -~ RS ,Record Separator ApB11118 B35 B30 1E
'k _ Us,Unit Separator gBe11111 a37 831 1F
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T-2 Useful Tables

HP 9000 ASCII Displayable Character Codes

Gra—-| ASCII Character CHRE &

phic| Description Bimarw Oct Dec He
Space, Blank BE1B9B0g B4 28

! Exclamation point oR1EaaEe] a41 21
" Guotation mark De1884818 (S Je 2
# Pound =ign, Humber =ign valeaell (51 ] 23
¥ Dollar =ign velaelog B4 24
% Fercent sign oal1Ee1o1 A5 25
A Ampersand g186119 g4c B2 26
i Apostraophe, Acute accent Bolooi11l 847 Q39 27
4 Dpening parentheszis BRl1al1e6n =kt SEYS] 28
3 Closing parenthesis Hal1a1861 851 B41 29
* Asteriszk, 5Star Ba181918 Bsz 842 2A
+ Plus Ael1e1611 asz 043 ZE
, Comma, Cedillia H01a11849 as4 G444 ZC
- Hyphen, Minuz, Dash gR1a11a1 B55 945 =31
. Feriod, Decimal Faint BulE111o (ST B4E 2E
- Slant, Slash Hai1e1111 Bsv 847 ZF
5] Z2ero A01l16660 vea 948 28
1 One gp118861 a5l a4 21
2 Two BE11881a Bez BoE 22
3 Three pBl118811 Bes 851 33
4 Faur BB118108 og4 852 34
5 Five pol1i1o101 Bes B53 35
) =8 I 8118118 Bec 854 5
7 Seven Bo118111 BeEv? B55 3V
g Eight He1118606 Bro BsSe 38
9 Hine Bol111861 Bri asv 39
: Colan BE111818 Br2 Bss 3A
H Semicolon Bo111811 Br3 B59 3E
< Less than BB111100 874 Beo 3c
= Equals vo111181 a73 8c1 3D
> Greater than BE111118 Bre ve2 3E
? Question mark Ba111111 arvy B&3 3F
@ Commercial at 0186868008 188 B&4 48
A Uppercase A Bl1o0boo1 181 BEs 41
E Uppercase B 018868018 182 Be6 4z
C Uppercase C Bl8e8011l 163 Be? 43
b1 Uppercase D 616001080 164 Beg 44
E Uppercase E BlooB181 185 BED 45
F Uppercaze F B1BBB110 186 B7e 45
G Uppercase G B1o8B111 187 ari 47
H Uppercaszes H Blooloce 110 Bryz 43
I Uppercass 1 B1pe1681 111 |73 49
J Uppercasze J B1va1a1g 112 avd 4R
k. Uppercase K Bl18e1e11 113 875 4E
L Uppercase L B1BB11088 114 ave 4C
M Uppercase M 1881181 115 % 40
H lppercasze N 818681118 118 8vs 4E
a Uppercase 0 oles1111 117 |79 4F




HP 9000 ASCII Displayable Character Codes (con’t)

Useful Tables

Gra-| ASCII Character CHE®#

P Dezcription Binarw nct Dec He
F Uppercases F HlalyBaae S
[ Uppercase @ Hlglaean] 51
F Uppercase E HlRlaeln 5
5 Uppercasze 5 Blo1aeall 23
T Uppercass T gletalon 1: o4
u Uppercasze I BlEle161 1: ] 55
W Uppercase V @1a1a118 1: as Se
W Uppercasze W Alelaiil 1: Bav a7
# Uppercasze # Hlal1e08 1 E SE
b Uppercaze Y dle11a81 1: & 59
2 Uppercase 2 Alatiels 1: 5] SH
L Opening bracket Blatiait 1: B Sk
. Reverse =zlant, Backzlash aialilag 12 L =1
] Closing bracket dia111e1 125 B33 =30
~ Circunflex, Carst, Hat 111114 138 Bo4 SE

Underscore a1a11111 137 =R =

- Grave accent gl11a8a0a 148 [SE=T) =]
a Lowercase a @1188861 141 (5=l &1
b Lowercase b 2118686106 142 a9s &2
C Lowercase c Al1186611 1473 Q39 3c
d Lowercaze d 8110681048 144 133 &4
=5 Lowercaze e 11881681 145 1é1 55
f Lowercase f Bl1061186 145 1az &
g Lowercase g 61168111 147 18z &y
h Lowercaze h Bl1161606 158 184 583
i Lowercase i gl1a1ea1 151 185 &3
J Lowercase j B11681810 152 186 &H
k Lowercasze k 811681811 153 187 (9]
1 Lowercase |1 A1181166 154 188 &C
m Lowercase m B1161181 155 139 &D
1 Lowercaze n Bl1181118 156 110 &E
o Lowercase o gl1181111 157 111 &F
P Lowercasze p 81116066806 168 112 78
q Lowercase o B11168661 161 113 71
r Lowercase r Bl1118618 162 114 e
= Lowercaze = A11168611 163 115 73
t Lowercaze t 81118186 164 116 74
¥ Lowercaze wu 61118181 165 117 =
L Lowercase v g1118118 166 118 )
L Lowercaze w Bl1i1e111 167 1139 &
® Lowercase x 211116806 178 128 ]
L Lowercase B1111681 171 121 79
z Lowercaze z 81111818 ive 122 7HA
4 Opening tlett) brace g11110811 173 123 7E
| Yertical line B1111188 | 174 | 124 | PC
H Clo=sing tright? brace A1111181 175 125 7D
o Tilde 81111118 17& 126 TE
# DEL,Delete,Rubout 61111111 177 127 v
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T-4 Useful Tables

HP 9000 BASIC Extension Control Character Codes

The following characters are fully supported only in the BASIC Language System on the HP 9000
Model 520. In the HP-UX operating system, these characters print and display as blank. On
external printers and displays. These codes may be interpreted as ASCII characters with one’s
parity, as spaces, nil, or characters from the device’s own extension set.

Gra— CIERE Character CHE ¥

phic ription Einarw dct T He
1 Clear all enhancement s loaaanag 2a
L Eegin Inuwerse Yideo logBaangl 21
5] Eegin Blinking 1¢ HE1R 22
% Eegin Inwersze Blinking 19808811
é Eegin Underline 19888140 =
L Begin Underline Inverze 199101 oS
1 Eegin Urnderline EBlinking 19880116 SE
] Eegin Underline Inw. Blnk. 188868111 37
b Begin Colar White 1908180 a3
] Begin Colar REed 198B18681 29
% Begin Calor Yellow 1pEel181a SH
® Begin Color Green logalell =3
k) E=gin Calor Cuan 1Bl 198 =1
L1 Eeginn Color Blus 1paal1al 20
" BE=egin Colar Magenta 100911148 SE
§ Begin Color EBlack 18881111 2F
g Eecerved for futurse use 18819808 228 144 94
& FEezerved faor future use 190188681 221 145 21
& Reserved for future use 18518818 22z 146 Az
] Fezeruved for future use 18816811 2232 147 a3
kg Rezerwed for futurs use 18818160 224 148 24
& Feserwed for futurs use 18914181 225 149 5
g Reserved for future use 16613118 226 158 5
& Reserved for future uss 18819111 227 131 97
Ry Rezerwed for future use 19811088 2328 152 1]
Fy Feserwed for future use 16811881 231 153 99
F Rezerved for future use 1989118186 232 154 IR
Ry Reserved for futurs use 16811611 233 155 2E
Fe Rezerved for futurs use 160811169 234 156 C
Fe Reserwed for future use 19811161 235 157 =Y
F Feserwed for future use 188911118 236 153 9E
Fy Reserwed for future use 18911111 237 159 SF




Useful Tables

HP 9000 BASIC Extension Displayable Character Codes

The following characters in the range of codes from 160 through 222 are fully supported only by
the BASIC Language System. HP terminals and printers which have their “‘Roman Extension”
character set and “‘8-bit”” mode enabled may correctly represent only some of these characters.

Gra-| HP988BY Character CHR#

phic| Description Binary Dot D=c He
Space 181688088 248 158 A&

A Uppercase A accent acute 18138661 241 151 A1
I Uppercase I accent acute 19148914 : 162 A2
o} Uppercase 0 accent acute 18166811 : 162 A3
0 Uppercases LUl accent acute 1918@168 244 14 A4
=] Uppercase A accent grave 18188101 245 185 AS
13 UYppercase E accent grawe 1vivBoiia 2485 188 A&
o} Uppercase 0 accent grave 19188111 247 167 A7
’ Acute accent mark 18181008 258 163 RS
Grave accent mark 18181861 251 159 A3

B Circumflex 18181818 252 17a AA
Umlaut, trema, diasresis 19181611 293 171 RE
Tilde 18181188 254 172 AL

£ Uppercase E circumflex 181481181 255 173 AD
n) Uppercase 0 circumflex 18181118 296 174 RE
£ Lire currency symbal 186181111 257 175 HF
- Ouerbar, macron 18110660 ZEQ 176 BA
A Uppercase A tilde imacronl 161168861 261 177 E1
a Lowercase a tilde (macran? 16116818 2ez 173 2
@ Degrees, superscript @ 13118611 263 179 B3
q Uppercase C cedilla lai1a18a 264 139 B4
g Lowercase © cedilla 18118151 265 131 BS
H Hppercase N tilde (macron? 18118118 266 182 Re&
fi Lowercaze n tilde (macran?: 161168111 267 183 v
i Leading exclamation 18111840 278 124 ES
i Leading guestion mark 18111881 271 183 B9
g Curtency zumbol 18111618 2re 186 BA
£ Found currency symbol 18111811 273 187 BE
2 Superscript underlined o 14111184 274 188g EC
E FParagraph, section mark 18111181 275 189 BD
B 2 superscript 18111118 276 190 EE
. Small +, 5Sx7 cell centered 18111111 2vv 191 BF
a Lowegrcase a circumflex 11860686008 284 192 Co
= Lowercasze & circumflesx 110006001 81 193 c1
& Lowercase o circumtlex 110688148 202 194 cz
G Lowercaze u circumflex 118006811 303 193 cz
a Lowercase a accent acute 11860128 304 13¢ c4
& Lowercasze ¢ accent acute 11968161 283 137 co
o Lowercase o accent acute 110801182 308 198 Cé
u Lowercasze u accent acute 11806111 387 199 c?
a Lowercasze a accent grave 1100168048 310 200 cg
g Lowercaze & accent graue 11601601 311 za1 C9
o Lowercasze o accent grave 11890610148 312 282 CH
u Lowercase u accent grave 11661811 313 283 CB
i Lowercase a umlaut 118681140 314 204 [
& Lowercaze e umlaut 11881101 315 283 CD
la] Lowercaze o umlaut 11aai111a 3le z2a8 CE
U Lowercaze u wumlaut 11881111 317 287 CF
A Uppercase Scand. vowel™AA 11618080 320 £2838 Do

T-5



T-6 Useful Tables

HP 9000 BASIC Extension Displayable Character Codes
The characters in the code range 223 through 255 are fully supported only in the HP 9000 Model

520 BASIC Language System.

Gra—-| HF3988 Character CHES$

phic| Deszcription Einarwy Oet Dec He
¥ Lowsrcaze i circumflesx 119108601 D1
G Uppercase Scand, waowelwdE i10i1aaia oz
3 Uppercaze Scand, wowel~RE 11819811 D3
a Lowsrcase Scand. wowelvaa liBiai@e T4
3 Lowsrcaze i accent acute 11918181 s
=} Lowercasze Scand., wouwslvaes 11916116 0
® Lowercaze Scand. wowelvae 11818111 our
A Uppercaze A wmlaut {181 1@68 =
l Lowercase i accent drave 11811881 ne
Q Uppercase 0 um)aut 11911010 DA
il Uppercasze U umlaut 1igt11811 IE
£ Uppercase E accent acute 11811158 D
i Lowercase i umlaut t1a111@1 oo
[ Sharp 5, lowercaze == 11a1111@ LE
Rezerwved 118111114 DF

I’ Up arrow 111p0068 ED
Eald vertical & left end 11188881 El

r Eold top 1eft corner 11188816 EZ
T Bold horizontal & top end 1i1ga81l 3
- Bold horizontal 111881956 E4
Eold top right corner 11188101 ES
Eold wertical % right end 111vai1a Ee&
Bold wertical 111@B111 EV
Baold horiz. Fine wertical 11181684 E=
Fine wertical & left end 11181861 E9

r Fine top left corner 111a1a18 ER
T Fine horizontal & taop end 11ia1a8i1 EE
- Firng horizontal 1iia1184a EC
Fing top right cornesve 11161161 ED
Fitig wertical & right end 11181118 EE
Bold wert. Fine haoriz. 11181111 EF

e FEight arrow i1116a6a Fia
t Eold wert. Fine left end 111180881 Fi
Fimeg bottom left corner 11118618 Fz

4 Fine hariz. % bottom end 11118811 Fa
T Fine horizontal & vertical 11118184a F4
Fime bottom right corner 1111a1al Fa
Eold wert, Fing right end i1118118a Fe&

1 Jown arrow 11118111 Fe
~ Left arrow 111116068 S Fa
L) Eold horiz. Fime bottom end 11111881 371 F3
L Bald bottom left corner 11111a1a 37z FR
L) Ecold horiz. % bottom end 11111811 373 FEB
j BEold wertical % horizontal i1itilae ard FLC
Eold lower right corner 11111181 375 FI

- Eold horiz. Fine tap end 11111118 3veE FE
kS Smudge, # raster complement 11111111 arv FF




Useful Tables

Prime Numbers

Here is a table of selected prime numbers between 37 and 25250003. Space does not permit a
complete list of all the primes in this range. If your master data set’s capacity is not near one of these
primes, use the program listed below for generating primes.

37 67 101 131 211 257
307 401 521 601 701 809
907 1031 1511 2053 3001 4099

5003 6007 7001 8209 9001 10007
12007 14009 16411 18013 20011 25013
30011 40009 50021 65537 80021 100003

131101 150001 20003 262147 300007 350003

400009 524309 700001 900001 10448593 1500007
2097169 3000017 4194319 5000011 83888617 11000027
12500003 16777259 18000041 20000003 22500011 25250003

PRIME-FINDER Program
10 !Prodram PRIME_FIND: Next Prime number [RJN] <B21014,1319>
20 !
30 ! This Pprodram requests vour master data set’s estimated
40 | caracity and diseplavs the nearest Prime number dreater
50 ! than that caracitv.
BO !
70 Start:DOUBLE CaracitvsTestsPrimesLimit
8o !
90 INPUT "Enter desired CAPACITY (or O to STOP)":Caracity
100 IF Capacity<0 THEN GOTO Start
110 IF Capacity=0 THEN GOTO Stor
120 !
130 Prime=Caracitv 'For low numbers
140 IF Carpacitv+«4 THEN GOTD Prime tcaracity is alwavs Prime
150 !
160 FOR Prime=Caracity TO 2147483647 'For car to max_double
170 IF (Prime MOD 2) THEN 'Tf not an even number..
180 Limit=8QR(Caracity) 'Loor limit
190 FOR Test=3 TO Limit STEP 2 'For 3 to sart(car)..+.
200 IF NOT (Prime MOD Test) THEN GOTO Next_rrime
210 NEXT Test
220 GOTOD Prime INot divisibles must be Prime
230 END IF
240 Next_primeiNEXT Prime
290 !
260 StoP:PRINT "PRIME_FIND: END"
270 STOP
280 |
290 Prime:PRINT "CAPACITY ="jiCaPpacitvi"+ Nearest Prime ="iPrime
300 GOTOD Start
310 !
320 END
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T-8 Useful Tables

Determining File Sizes

You can use the following formulas to determine the size of IMAGE media records and files All
quantities are in bytes. All file sizes are rounded up to the nearest multiple of one sector. In the
BASIC Language System, a sector is always 256 bytes. In HP-UX a sector defaults to 256 bytes.

These formulas are only approximations. Use them to estimate the disc space required for your
data base. You can determine the exact file size after they are created. In the BASIC Language
System the CAT statement lists the record length and number of records in each file.

ROOT File Directory

24 bytes for the ROOT file
+ 24 bytes for each DSET file
+ 120 bytes for spare directory entries (primarily for QUERY)

= directory size before sector rounding

The root directory size is in the range 256 through 1792 bytes after rounding. If you create
additional files in the directory, the directory is extended if necessary.

ROOT File

944 bytes (includes some internal sector round-up)
+ 232 bytes per data set volume
72 bytes per data set
40 bytes per item + 8 bytes per item occurence in each set
12 bytes per array item
8 bytes per array dimension 2 .. 6
24 bytes per numeric item for NULL/RANGE (worst case)
16 bytes per CODE value
16 bytes per PSEUDONYM
4 bytes per path per set

+ 4+

= ROOT file size before rounding
The ROOT file size is in the range 1280 through 701696 bytes after rounding.

Data Set File Directory

Data sets which are not in the ROOT file’s directory have their own directory. This directory has the
same name as the data base.

+ 24 bytes per data set (DSET) in the directory
+ 96 bytes (spare directory entries) for QUERY

= directory size before rounding

The set directory size is in the range 256 through 1792 bytes after rounding. If you create other files
in this directory, it is extended as necessary.
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Master Data Set

ENTRY length (sum of data ITEM sizes)
+ 4 bytes for hash field
+ 8 bytes for free/synonym chain pointers
+ 12 bytes for each path

I

media record size

media record size
X master set capacity

= Master data set file size before rounding

The minimum master data set file size after rounding is 256 bytes. The maximum file size is limited
by disc capacity.

Linked Detail Data Sets

greater of: ENTRY length, or 8 bytes
+ 4 bytes for free/empty record flag.
+ 8 bytes for each path

media record size
media record size
. X detail set capacity

= DSET file size before rounding

The minimum detail data set file size after rounding is 256 bytes. The maximum file size is limited by
disc capacity.

Stand Alone Detail Data Sets

media record size
X detail set capacity

= DSET file size before rounding

The minimum detail data set file size after rounding is 256 bytes. The maximum file size is limited by
disc capacity.
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Media Records

The following sections describe the structure of master and detail data set media records. These
structures are described in terms of fields. A field is one or more contiguous bits, bytes, or double
integer locations in the media record. There is a description for each field except the ENTRY data
ITEMs field. This field is your data. Its structure is the simply the binary representation of all the data
items in the entry. The maximum length of all media records is 2 147 483 647 bytes, or the
maximum capacity of the storage medium, whichever is less.

Master Data Set Records

The media record structure for Automatic and Manual Master Data Sets is illustrated below. The
formulas for byte locations are based on n paths from the master to linked detait sets. If it is a
stand-alone master, the detail chain fields are not present.

Repeated for each path

Ii to a detail data set _l

Bytes Bytes Bytes Bytes Bytes Bytes Bytes
1.4 5.8 9..12 12n+1... 12n+5... 12n+9... 12n+13
12n+4 12n+8 12n+12 thru...
empty flag/ next syn./ previous detail chain first detail last detail master ENTRY
hash field free record synonym/ length chain record | chain record data ITEMs
free record

Media Record Length >

A

A

Header =I ElglngT: >

The Hash Field occupies 31 bits of a double integer. The sign bit (bit 31) is the full/empty indicator.
The bit is O if this record is empty of data, and 1 if it is full.

bit 31 bits 30...00
Synonym
full’em
Pty Chain Head

The synonym chain head is a 32 bit unsigned double integer. The sign bit is ignored. This is the
record number of the first master set record in the chain of master data set entries which are
synonyms of this entry. If there are no synonyms, or this record is the head of the chain, this field
contains its own record number. It is possible for an empty entry to have synonyms.

The synonym/free fields are double integer record numbers. If the record is empty, and has no
synonyms, the synonym/free fields are the record numbers of the next and previous records in the
free record chain. If this record is the last or first record in that chain, the next or previous field is
zero.
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The detail chain fields are omitted if the set is a stand-alone master.

If the set is linked to any detail sets (has paths), there are three 4-byte (double integer) fields for
each path. The detail chain length is the number of entries in the detail set which have a search item
value which is the same as this master entry’s key item value. The chain length can be zero if this is a
manual master data set.

If the detail set has one or more entries on this chain, the first and last detail chain fields contain the
record numbers of the first (head) and last entries on the chain. If the chain is emtpy (length = 0),
these fields are undefined.

Detail Data Set Records, Chained

This section illustrates structures for media records in a detail data set having n paths to related
master sets.

Empty Records

The following diagram is for a record on the set’s free record chain. A pointer in the root file stores
the number of the highest occupied record in each detail set. Records above this position have no
structure.

Bytes Bytes Bytes Bytes
1.4 5.8 9..12 13..—
free next previous )
record flag free record free record undefined
|- Media Record Length -

j¢————— Header ————————]

Empty Chained Detail Record

If this record is the last or first record in that chain, the next or previous field is zero. All other chain
fields are undefined.
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Occupied Records
Repeated for
|— each chain —|
Bytes Bytes e Bytes Bytes c e Bytes
1.4 5.8 8n+1..8n+4|8n+5...8n+8 8n+9.._
previous previous detail
next regord record . oo | next r.ecord record c e ENTRY
onchain 1 | o chain 1 on chain n+ 1155 chain n+ 1 data ITEMs
|- Media Record Length |
| Header | |~€ ENTRY |
Length

Occupied Chained Detail Record

The next chain fields point to the next record along each chain. If this is the last record along any
chain, that chain’s next field is zero. If the record is occupied, the previous chain fields point to the
previous record along each chain. If this is the first record along any chain, that chain’s next field is
zero.

Detail Data Set Records (stand_alone)

This section illustrates record structures for Detail Data Sets which have no paths to a master set.

Empty Records

The following diagram is for a record on the data set’s free record chain. A pointer in the root file
stores the number of the highest occupied record in each detail set. Records above this position
have no structure.

Bytes Bytes Bytes I Bytes

1..4 5.8 9..12 13...

empty next previous «o«| undefined
record flag | free record | free record

Empty Stand-alone Detail Record

The free record flag in a empty record is -2 147 483 648. The next and previous free record fields
point to the next and previous records in the free record chain. If this is the last or first free record,
the corresponding field is zero. These fields over-write the ENTRY or chain data in the record.

If the record was the highest occupied record when deleted, this structure does not apply. The
highest occupied pointer is decremented, and the record structure is undefined.
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Occupied Records
The formulas for byte locations are based on d data bytes in the ENTRY data ITEMs portion of the
media record.

Bytes . Bytes Bytes
1.4 5.d+4 ‘| d+s.12

Computer

"Museum
empty .o ENTRY

record flag data ITEMs

undefined

}——————— Meida Record Length—————————=]

l=Header-»| [=ENTRY 3|
Length

Occupied Stand-alone Detail Record
The free record flag in an occupied record is zero. Due to the structure of deleted records, the media

record must be at least 12 bytes long. Therefore, if the ENTRY length is 7 bytes or less in length,
there are undefined trailing bytes in the record.
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Appendix U

Upgrading From IMAGE/45
to IMAGE/9000

Introduction

You cannot access an IMAGE/45 data base from an IMAGE/9000 program. If you have an
IMAGE/45 data base which you want to convert to IMAGE/9000, you must unload the data from
the IMAGE/45 data base, transport the data to your HP 9000 and load the data into your IMAGE/
9000 data base.

In the HP 9000 BASIC Language System, the IMAGE product includes two utility programs for
performing this task. The first program, DBXPRT, runs on the HP 9845B/C, and unloads the data
into 9845 DATA files. The second program, DBIMPORT, runs on the HP 9000. The HP 9000
supports the 9845 directory format and the DBIMPORT program accesses the unloaded data files
as type BCD. If you do not have a disc supported by both systems, you can transfer the data
electronically.

The rest of this Appendix discusses the use of the DBXPRT and DBIMPORT programs.

The Export/Import Utilities

In general, you can only use DBXPRT and DBIMPORT if there is an exact structural correspond-
ence between the IMAGE/45 and the IMAGE/9000 data bases. You can change the type of
numeric items, such as INTEGER to DOUBLE.

One data type must be changed. In IMAGE/45, a data item designated as a DATE is a SHORT real.
In IMAGE/9000 the QUERY type DATE must be a long REAL. The DBXPRT/DBIMPORT prog-
rams automatically perform the data conversion, but DBIMPORT expects the item to be type REAL
in the HP 9000 data base.

DBXPRT/DBIMPORT also automatically determines if a numeric value is a QUERY/45 null value
and converts it to the NULL value defined in the IMAGE/9000 data base.
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DBXPRT Instructions

1. The DBXPRT program is supplied in a BCD file on an SDF flexible disc. To use the program
on your HP 9845, you need to transfer the program to a 9845 format disc. To initialize a disc
in 9845 format you need to load the “9845_DISC” BIN option file. If you are using an
external flexible disc as the transport medium, you also need to load the “HPIB_FLEX" or
“HP9885” BIN option files.

2. Once you have an initialized 9845 format disc, transfer the DBXPRT program using the
COPY command. Do not use a GET/SAVE or GET/STORE. Some of the DBXPRT program
does not syntax correctly in HP 9000 BASIC and those lines are changed to comments
during a GET. Also, the SAVE and STORE commands do not create a BCD file, although
RE-SAVE and RE-STORE can access BCD files.

3. Mount the 9845 format disc in a disc drive of your HP 9845 system and load the DBXPRT
program with a GET command.

4. Insert an initialized 9845 format disc in the drive to be used for the unload files and RUN the
DBXPRT program. It is interactive and asks you for the name of the IMAGE/45 data base
and a read password. It lists the data sets worth exporting and ask you which to export. You
also designate the names and locations of the destination file names.

5. DBXPRT opens each data set and writes the entries to the set’s unload file. The DBXPRT
program estimates the size of file needed to export the data and ask you to verify this size.
You can make the file larger or smaller. If the file is not large enough, DBXPRT asks you for
another file name to continue exporting.

The listing for the DBXPRT program contains information on the structure of the unloaded data
files.

DBIMPORT Instructions

1. Using SCHEMA or QUERY/DEFINE, define the HP 9000 data base and create its data sets
with DBCREATE.

2. If not already loaded, load the option BIN file “9845_DISC” or a later version. If necessary,
load the “HP9885” or “HPIB_FLEX" driver for the disc to be used.

3. Load the DBIMPORT program with a GET command.
Mount the 9845 format disc in a disc drive of your HP 9000 system.

5. RUN the DBIMPORT program. It is interactive and asks you for the name of the IMAGE/
9000 data base and a write password. lt lists the data sets and asks you for the file names of
the unloaded data files. You should load the manual master data sets first.

6. DBIMPORT opens each data file and data set and writes the data to the set.

7. 1f the data base structures do not match, you can modify the DBEXPRT or DBIMPORT
programs.

>
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