BDMS
Berkeley Database Management System
USER'S MANUAL

(Version 2.2)

IBI~4683 Rev.

< D R =t

RECEIVE D
AWREMCE
BERKELEY | AGORATORY

ULl 051978

ND
LIBRARY A C
DOCUMENTS SECTION

-

TWO-WEEK LOAN COPY

This is a Library Circulating Copy

which may be borrowed for two weeks.

For a personal retention copy, call

J

Tech. Info. Division, Ext. 6782

—>

1Y %19



DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. Whiie this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



LBL-4683
{Revised
BOMS
Berkeléy Database Management System -
USER®S MANUAL

(Version 2.2)

David R. Richafﬂé

Computer Science ard Applied Mathematics
Depsar tment

Lawrence EBerkeley Laboratory
University of California

Berkeley, Czlifornia 94720

P



WARNING o

This manual is preaimirary and in 3 fenw cases deséribes tedtures of
BDMS - that  are not yet Fully implemented.. Ir particuler,

1. doubie precision and bit string type data elemerts may be
© used procecurally, but mot in the editor and ouery user -
languages, = _ -

2 DISPLAY and SUPFFESS cowwands are no? yet 1mplemen?ed,

3. the DUNF, CLEAN, and BALANCE utx!l?ies are n01 yet ev:ﬁ!ab@e.



ACKNOHWLEDGEMENTS

BCMS had .its origin Ir the Joint deyvelogpment of 2 Fzrticle Physics
Data System by tte Berkeley Particle Data .Group end the Ceitech
‘Data Compitaticn Group. The diversity of databases that make up that
system nrecessitated the wuse ofF a common database management system,
white the complexity of the date demanded capabillities rot avaidatle
in any existing DBMSs The new system which was developed to meet this
need has proven 1o be of generszl usefulness, and resporsibility for
Its continued support and further development has beer zssumed ty the
Computer Scierce and Appilied Mathematics Department 2t LEL.

As the system evolvecd, many people contributed idezs and assisted
with programmirg. They include Tricia Coffeen, Paul Chan, Geoffrey
Foxy Marce Hutchirson, Tom Lasinski, Deane Merriit, Giil Ringtand,
Alan Rittenberg, Silvia Soreill, Paul Stevens, Tor Trippe, Vicky
Hhite, and George Yost, ‘ : ' :

The wusers of BDFS atlso deserve thanks for conterndling with the
seemingly endliess change +to which 3 developing syster is subjJects
Their commentsy, criticism, and unfailing ability to flush out even the
most recluse bugs have been and continue to te Invaluable,

This work was suppertec by the Us S. Department of Energy (formerly
Ue Se TEnergy Research and Development Administratior and U. S.
Atomic Energy <Commissicr), tha National Science Foundztion, ard the
Nationat Buresu of Standards, e ‘



1.
"2
3
_ L3

SYSTEYN

1.1

1.2

OVERVIEW
INTRCDUCTION
DATABASE STRUCTURE

EXAMFLE CATABAZE L

‘SYSTEM ORGANIZATION | RS

USER EXITS

DATAEASE CEFINITICN

2+1
242
2.3

2.4

INTRODUCTICN | -
DATAEASE DEFINITION LANGUAGE
COMPILER CCMMANDS

COMPILER ERROK MESSAGES

EXECUTIVE

3.2

343
EDITOR

hat

42

43

INTRCOUCTION
EXECUTIVE CGMMANDS -
EXECUTIVE ERROR MESSAGES

INTRGBUCTIIN

ASSIGNMEMT STATEMENTS
DATA ELEMENT NAMES
NUMERIC VALUES
CHARACTER STRING VALUES

NULL \ALUES

"EDITOR COMPANDS

1ABLE OF CONTENTS 08 FEB 78

14

16

16
17

21 ¢

22
22 -
23
u.z;

23

24

24

.. 28



¥

TABLE OF CONTENTS 08 FEB 78

CCMMANDS TEAT SET OPERATING MODE
| COMMANDS THAT CAUSE IMMEDIATE ACTION
4.4 APPEND MODE Wf‘
OKDER OF ASSIGNMENT -STATEMENTS
AUTOMATIC FARENT NOCE GENERATION
AUTCMATIC RECORD GENERATION
MULTIPLE ASSIGNMENT STATEMENTS
4.5 EDIT MGDE |
~ _NAMING DATA ELEMENT OCCURRENCES
REPLACE CONMAND (*R)
sUasf&ruiE_counAgn (*s)
DELETE COMMAND (*D)
 INSERT COMMAND (*I)
ORDER OF EDITS
PATH MEMORY
rvu;é_eozrdn'fincé MESSAGES

4.7 LIST ERROR MESSAGES

5e. RETRIEVAL
5.1 INTRCDUCTICN
5.2 SIMPLE CONDITICNS
5.3 COMPLEX'CONUITIQNS
5.4 RECORD ID |
é,s TRUNCATEC EEaR(H

5.6 RETRIEVAL ERRCR MESSAGES

6+ UTILITIES

6.1 INTRODUCTICN

- 25
- 25

27

27

27

- 28

30
39
30
39

31

32

32

33

35

38

39

- 39
40 -
Y

L 43

4l

45

47

47



6.2 LOAD
6e3 DUMP
644 CLEAN

6.5 BALANCE

TABLE OF CONTENTS 08 FEB 78

48

49

S8

5q



i.1 SYSTEM OVERVIEW b |
INTRCDUCTION '

11 INTRODUCTION

BOMS is a general-purpose database management znd information
retrievat system with a broad range of capabilities {or creztinrg,
maintaining, and szccessing computer databases, It frees progranmmer
and end wuser alike frcm concern with the physical storsge ot data,
instead wmakirg it pecssible to deal wlth data at a3 1ocicsl levet, 1In
other words, it allows one to degl with information rzather thzr datz.

Many applications, which previously would have recuired extersive
special progrzm develcpmert, can be handled by the system with 1ittle,
if aryey extra softuere, Its cepabiiities include =

1. A natural &nc¢ easy-to=-use database definition lzrguage.

2« A powverful editor that operates directly on the c¢atabacse.
Data are entered in 2 sinmpley natural way, and wary
short=cuts are asvailable to expedite the entry of {aroge
amounts of data, Modificatlons to existing dzts are
immecdiztely effective.

Je Extensive retrieral facilities iIncluding controlled detzbase
inversiory Bcoleen and relational operators, rested
parentheses in search expressions, truncated znd rangde
searchy and reference o previously retrieved sets,

4y A stangard {jsting format that makes the structure of the
data rescily apparent, When working Interactivelyy retrieved
records may be listed at the terminal or printed off-1ine,
They aisc may be dumped jn a format suitable for data
exchinge and database reloading.

S5« A commcr ceommand and data 1anguage for both batct and
interactive yuse, '

s Exits to user-supplled routines at several! plzaces In the
system Yo allow input data valldationy, data trznsformztion on
inputy, outgut, indexing, searching, and automatic dats
element generation.,

7« Utilities for {cadinc and dumping databsses znd dafabeée
space nmaintenance.s

A designer wishing to bzse g specizli-purpose systew on BUONMS will
find it relatively essy to use just those modules needed, All systenm
capabitities zre sveilable via FORTRAN subroutine celis. For exemple-

1. Special softwere might be writtern to build s catesbise from
data Initizlly stored in some special format, e.c, fixed
fielc card 1raceses This could be done by writirg a prograrn
which resds dats in the special format and calle sppropriate
subroutines to ltcad it directly Into the database, bypzssirg
the stzndard dats input Ianguage, In fact, such 3 routine
coutld be coded gs 2 replzcement for the standarc input
routine with the system behaving norprally in 211 cther
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respects,

2+« The system could be modified through the provisicn of 2
repiecenent for the standard data output routine so thst
retrievec cats would be listed In a format better sulted to
its enc use.

-.3. A very anbjtious_svs?em'designer,migh¢'choose te - replace the
'~ entire user Interfzce with one providing extersive prompting
and data vzl idation tzitcred to his specific 2application,

L Ir 211 of these <cszsessy the designer/programmer is freed from

concern wWith ophysicei! storage wmechanisns for his date. Instezc, he
can use existirg software to actcess and modify the data, referring to
it by name, ' ‘

BOMS is richly wrcdutlar - and coded for. the most¥ part in
machine-indepencent FCRTRAN IV, The operating system interfzce end
. machine-dependent <code 2are Isolated in a few modules so thzt the
system is easily transportable, ' '
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1.2 DATAEASE STRUCTURE

A BDMS datsbzse Is struictured into records, the units in which dzta
pass between the system 3and disc storzge. Normally, a8 record will
have some significarce to the wyser, e.g9s a record in s tibliocgrzphic
database would be z descriptior ¢f a single document, but this s nrnot
3iways necessary or desirables

The individual data 1tems within a record are called gzta elenpenis?
they are the smatlest units of data with any meanirg tc the system,
although an individual dzta element might have some interral structure
known to an applicaticn programs A data element has 2 unioue neme z=nd
is rormalily referenced by name {or a3 synonym), There |s essentjally
no 11imit on the number of data elements that may be cefined for a
database. ' .

A bplerarchjcal siructyre may be imposed on the records wher 3
database 1is cefirece This meens that some data elements are deciared

to be sybordirate to other, garent, data elements, Those deta
elements for which no parent [s declared are called recerg-1eyvel dzta
elementsy It is often useful to consider the record iltseltf to e their
parent, There is essentially no {imit on the number of levels which
may be cdefined ir the reccerd structurs,

Within a given records each record-jevel dats element mey occur
oncey, several times, or not at all, LlLikewise, each occurrence of 2
data element st any lower level in the hierarchy may have linked to it
oney severaly, or noc occurrences of each of jts suberdinste data
elements, There {5 essentjizliliy no 1ilmit on the number of times zny
data element may occur in a single record. Ffurthermore, there is no
storzage overhesd associzted with data elements that ¢o not occur at
alt in either tre recorc¢ or z particular occurrence ¢f their pzrert,

Data siements are clsssified irto six types accordinc to tHe yalyes
they c¢an assume - character or bit string, Integer or rezl (sirgle or
double precisior) vector, and pure node, Character or bit strings mray
be of any length with no 1imit beyond that imposed by run-time memery
restrictions, Intecer or rezi (floating point) datz elements may be
scalars (single rusmbers) or arbitrary length vectors (i.cs an ordered
set of numbers, which are the componenis of the vector)s Real dzts
eltements may be single ¢r double precisions Pure node ceta elements
carry no valuey they may be used to tink together sutcrdinzte deta
afements in the record hiererckhy or as fiagss.

Ary data elemert, regardless of type, may serve as & node In the
niersrchical recorc stricture, In general, {f ore ¢f a group of
refated data elements may occur only once In each occurrence of the
groupy it should be made the parent of the rest of the cdesta elerents,
Howevery if aill -0f tre data elements In such 2z grcup mzy occur
mul tipty, they sheuld  ald be linked . to a pure node parent,

Ary data elemert may be declared to be a record -gey. The systen
will ther mzintsir an irdex for that data eslement to sllow efficient
retrieval, in ar index, key values have a Ffixed lengtH that is
declizred Iin the databzse definition,. Data elewment values zre
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,fruncated or padded 3s mnecessary when they are'pu?Ain?o an index.

The system assigrs & grecord ID to each record as it is created.
This guarantees that azch record has 2 unigue jdentifier by which it
can be -selectively retrieved even 1If none of its datz eféments is
defined to be a key so that no indices zre mainteined.

 Physicatly, a datzbzse is diwided into a data file, which cortains
tpe ~database definition and data records, a gi_gsig_x fl118 used to
access records in the data files and an jggg 51 ii_g ccmori<lrg the

. indices (if any ex1<t).
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13 EXANPLE DATABASE
Throughout this manual, we shall use for itlustrztion 2

hypothetjcal dztasbise whose records are summaries of some kird of
experiment reports ard wrose stricture may be diagramrmed 3s ‘follows =

(RECORD)
{ 1 1 1
i | 1 1 1
AN TAELE AUTHORS R
1 1 K g 1 S q
' t ) i i 1 1
XN YN DATUM cT 8 I T C
Tt 11 ' g
'R ]
X Y CD PRINCIFAL
' .
{
DY

The cata eierents hrave the following meanings -
AN is a document accession rumbter,

TABLE 1is the rame of a «collection of datas It tinks tocetter
defiritions of the X and Y variablesy XN and YN, possibie commerts on
the tabiey, €Ty and the actual data points In the table, DATUM,
DATUM is a pure node data e=lement that Jinks X and Y valuyes znd
possible conmments on tre datumy CDs DY Is the errcr on Y. Ir s
gliven records TAELE night occur multiptyy in a given TAELE, DATUM znd
CT mwight occur multiplsy3 in a civen DATUM, CD might cccur multiply,
The rest of 1%he data elements, XNy YNy, Xy Yy and DY would normally
occur orly once withir a giwven occurrence of their parent desta

element,

AUTHORS Is & pure node that 1inks one or more zuttors, A, with
their iInstitutioral affitiationd{s)y I« In general, 211 of tHese datse
elements might cccur muitiplys. Note how PRINCIPAL, 2 pure ncde type
data element, is wused to flag a particuiar aythor as the prircical
author, Normaliy, only one author would be so flzoged.,

R is +the «cocunent reference (e.gs report number) erd T and D are
its type and cate, '

A diagram of this type orly shows the hierarchical retatiorships
among c¢ata ' elements.s In qgenerat, any of the data elements mazy occur
saveral times or not =zt all In any particuliar recorce Thus,e the
pictorial representation of a real record would require the use of 3
thirgd dimension to cisplay the ruitiple occurrences, '
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1.4 SYSTEM ORGANIZATICN

From the wuser®s point of viewy, BOMS |is divided Into seéerel
functiorz! moduless ' ' '

The gdatasbzse deflipjitiorn gcompller is a separate grogram uted to
create a3 mnew databsse before any data are loaded Intoc ite The sz=me
editor wused  for data input ard modificatlon is usec to construyct =z
database definiton ttat Js converted by the compiler into tables that
will drive the rest of tte system when the new database is useds The
database definitior Jlangusge ancd use of the compiter 2re the subject
of Chapter 2. =

The executijve is - the overall controei orogram, Scme executlve
commands are execited immeciztely while others cause control to be
passed to other system modulesy which will then interpret additiora!
user inputs,  The executive PTunctionrns zre discussec irn Chzpter 3,

The edjtor provides facilitjes . for cresting and ncdifving dets
records, It is controllec by & set of editor commands 2n¢ understands
the system®s externzl data {(3rguage. The wuse ¢! the editor is
described in cetail ir Chepter 4. :

The gyery subsystemy described in Chapter 54 interprets user
queries and selectively retrjeves data records for subsecuent display
or modificatione. : ' : ' .

» The utilities, deséfibed,ln Chapter 6, are stand-alone prodrans for
database maintenance operations such as efficient loacirc and dumping
and removal of tte dezd space resulting from wupdzte activity.
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1.5 USER EXITS

As mentiored Iin the Introduction, exits +to0 wuser routines zre

oprovided at several plzces in tre system, allowing it t¢ be tzifoned
to specific destsbzses and applications.

The subroutines that may be suppllied by the user zre descrited
briefly belon. Details of their use and catlling psreneters mey be
found in the Frograsmer®s Manuzal,

IPROC is passed a8 dats element value before it [s stored in the
recorde IPFOC may modify the vatlue or check |t for
validitye 1%t =z value is found to be in error, IPROC czn
Instryct the czil ing routine not to store ity crd/or output
an error messasge.

OPROC is passed 2 datz element value before 1t is cutputs, It may
modi{fy the value, check ¥ for validitye, or suppress its
output altogether, Normally, IPRDC and OPRCC would be wused
3s 2 pair to transform tetween the internal and extérred
torms of a8 data element,

KPROC is passed tte wvzlue of & key data =2iement before it is
stored imn an index {or defeted from an index when restcring
a moditie¢ reccrd or adding a record)ls It mzy modify the
valuye or check for validity, It can suppress tre storzge of
a key ir an index.

KMAP is passed tre walue of & CHAR type key data element btefore
1t is stored in or deleted from an index. It rey perfcrm an
arbitrery cheracter code mapping In order to ertforce 2
desired ccllating sequerce for values in the index.

QAPRGC is passed the value 0ot 2 key dsta element before an index
searche Normatlly it would transform the vatue In tHe same
way as KPFOC, (it might consist of no more thar a catl to
KPRCC) but it is zrrovided to allow the use of cifferent
forms of a key value during data input and retrleval,

SPROC . is calied before a record is stored in the cztsbases It way
per form an intra=-record data integrity checky, 2nd generszte
or modlfy data elemert values, It can prevent the storagse
of the record if errors are detectad.

FPROC is called Just asfter a record is fetched ¥from the datasbase.
Its primary use is to remateristize any virtusl data element
occurrences thzt the database designer wishes tc make
visabie to the user.

Tre JIPRCC, CPRGCy KPRCCy and QPROC routines are callec only if the
database definition iInstructs the system to do so. KkKMAP, SERCGC =nd
FPROC sre 3lweys czlie¢ buty ot course, may be do-rottring routines.
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To set up a BIMS catabase, one must define the nature of the cata,
€+9s nNames and types of data elements, their hilerzrchical

" relationships, what Indices s&re to be maintained, etc. THe system

must be iInformed of any user=-sitpplied routines for ingut nrocesslnol
and va&ida?lor, output, key or auery nrocessinq.

_ Aty of this Infcraaticn Is coced in a database definition language

which is processec by the database definition compilers The output of
the compiter is a birary file de¥finitlon table (FOT) which becomes the
zero®th record ¢¥ the  rewly-defined database end controls the
operztion of the system while ¢that database 1Is being accessed,

Plans exist for extending tﬁe'compiier to provide fzcitities for
modifying the definitior of ar existing datsbzsey €sg9. 3cding or
deleting data elements and synonyms. ' ’
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CATAEASE DEFINITION LANGUAGE

202 DATABASE CEFINITICN LANGUAGE

The catabase definitior tanguage of BOMS has the szme syntax s the
data 1lancuage usecd¢ by the editor {(c.fs, Chapter 4),  That s, 1t
consists of 3 series of statements of the form

,<a?tr1bu?e tzbel>» = <values?

By wasy ot iftusiration, a fide definition for the exznmple detabizse
described iIn Chapter 1 would be coded as fcllows, assumirg that 1t is
desired to Index the records by the document accessior rumbery AN, the
individualt 2uthors, By and the type of data reported, YN =

FILE=EXPT-REFO¥TS}S _
DE+=AN} SYN=ACCESSION-NO} TY=INTEGER? KEY: LENGTH=13

DE.=TABLE3 TY=CHAR3 , _

DE.=DATUM? PAR=TAELES TY=NODE!

DEe=X3 SYN=X~-VALLE; FAR=DATUN] TY=REALS

DEez=Y3 SYNzY-VALUEs FAR=DATUN: TY=REAL:

DEe=DY} SYN=Y~-ERROR3 PAR=Y; TY=REAL?

DE.=CD} SYN=COMMENT-CATUM; PAR=DATUMS TY=CHAR}

DE+=XN3 SYN=X=-NAMEs FAR=TABLE: TY=CHAR}

DEe=YN7 SYN=Y-NAME3 FAR=TABLE: TY=CHARSY KEY3 LENGTH=1}

DE.=CT3 SYN=CCMMENT-TAELE$ PAR=TABLE; TY=CHAR}

DE+=AUTHORS} TY=NODE} :

DE.=A} SYN=AUTHCR-NAME; PAR=AUTHORSS TY=CHARS KEY} LENGTH=3:
DEezI3 SYNzINSTITUTICN; PAR=AUTHORSS TY=CHAR;

DE+=PRINCIFAL} PAR=Aj TY=NODE: .
DE.=R} SYN=REFERENCE; TY=CHAR}

DE+=T3 SYN=TITLE; PAf=R3: TY=CHAR}

DEe=D3 SYN=DATE} FAR=R3} TY=CHAR}

3

Tha meaning and afl foned values of the datzbzse defirition
attributes are =

FILEs<file name>}
This is not yet used by the system.
DE=<preferEed data element name>§
This is the rame that #1111 be used when the data element Is output,

Names must be unjcue within 2 datsbases They may not contain erbedded
blanks, equatl signsy or semiccions. The size of tre FOT witl be

minimized and the editor®s grocessing of input to the defined detabese

will be slightly more efficiert 1f the data element nzmes 211 hsave
simitar lengths (i.e. alt Fit into the same nuyrber of comrputer
. wWords).

SYNs<synonym for data element named>$}

Synoryms may be usec Interchangeably with the gpreferred dzta
element name for Irput and In aueries, They must sztisfy the szme
rules of constriction, Againy it Is preferable for all synoryms to
have sinitar Jlergths.
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PARz<parent datz: element preferred named>}

This specifies the parent to mhich a data element will be tinked in
the hilerarchiczl record structure, The parent data elerment must heve
been defined previousiy. PAR is omitted for record-ievel dats
elements, : '
TYs<cdata element typed>}

Allowed values are =

INTEGER irnteger {(vecter)

REAL real (vector)

DOV ELE decuble precision real {(vector)
CHAR character string

BIT pit string

NCDE . pare node

VIRTUAL S

It this fotjows =a OCE specificatiory, the data element witil be
discerded when 2 record s stored in the database. It may be Iinput,
howevery, and may be usec as a3 KEYs It wit) still exist jn thHe record
when the SPROC routine 1Is caltieds If It is desirec trzt 3 VIETUAL
data element be remateriatized when a record lIs fetched from the
datatase, this may be dore by the FPROC routine, '

KEY}

If this follows a OE speci fications, an index wil! be mzintained for
the cdata element,

LENGTHs<key fength in words>$

This may fcllomw 38 KEY attribute, If absent, tre kéy lencth
defaults to 1 word,. ‘

IPROC=<ctormat of DE walued}

It this foltows a DE specification, the IPROC routine will be
catlied by the ecitor when the dsta element is input. Afllowed format
specjifications zre =

EXTERNAL The CE value is passed to and is returned by
IFROC in external fcrmat, il.e. wunpacked cheracter

string.

INTERNAL The DE vatue Is passed to and retyrnecd by IFROC
ir internal ¥formaty l.e. Interns! birsry rumeric
representatior, packed chsracter sitrirg, or bit
strinc,

CONVERT The [E value iIs passed to IPROLC In external format
and returned by IPROC in internal fcrnst,.
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OPROC=<format of DE vafuer>}

If this foliows a DE specification, the OPROC routine will be
catied by the list routire befora the data element Is cutguts. Allowed
format specifications z2re the same as for IPROC except thzt the
CONVERT has the opposite meanings i.e. '

CONVERTY The DE value is passed to OPROC ih'iﬂiernéi forrat
and returned ty OPROC in externatl foraat, -

KPROC=<format of DE value>}$

If this follows a OF specification, fhe_KPROC routine will be
called orior to storing a OFE value 1in an index. Alilowed formst
speciflcaflons zre the same as for IPROC, I .
QPROCacformat of DE valuer}

It this foilows a DE specification, the QPROC routine will be
cailed by the aquery Interpreter when {t encounters the UE in 3 cuery,
Alloved ~ format specitications are the same s for IPRCCa

v IFROCy OPROC, KFRCC, and QPROC are not valid attributes for z pure
node type DE, L : . :
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243 COMPILER COMMANDS

The commands necognized by the compiler are described ir this
“section, Only the flrst four fetters of a command are necesszary for
recognition, C '
- » . DEFINE

This commznd invokes the editcry which initially will be Ir zppend
modes, S0 that a new catabase definitior may be input. This creztes &
datzbase definition record in core which hes the feollowling
hierarchical structire = ’ ' ' :

(DATABASE DEFINITION FECORD)
i , 1
) | 1
FILE o OE -
] T { { 'R 1 1 i
] 1 1 o v ) 1 '
SYN PAR TY VIRTUAL KEY 'IPROC OPROC KFROC QPROC
1 - |
LENGTH

VIERTUAL and KEY szre pure node type and LENGTH is in?ecer types ALY
other data elements are CHAP type. L .

As " this record is beirg inpu?, errors or omissions mzy be remedied
‘using the edit mode comrands *I, *R, *S, and *D just as if 1t were 2
data record, It may be listec at any time with the ecitor ccmmand
*Le Hhen the definition is comple?e, the aditor must be termingted by

a **% command.
CO!PILE

This commend iritiates compilation of the datzbese definition
created by a preceding DEFINE commands The compiler responds with

COMPILING DEFINITION

foilowed by either

COMPILATION SUCCESSFUL.

or a list of errors.détec?ed and

COMPILATION TERMINATED ' g
| MCDIFY

This command lInvokes the editor to aliow correctior c¢f the errors
~detected In a preceding compilation. When the changes hzve beer made,
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the editor must be terminated by 3 ** command, It differs frorm a2
DEFINE command in that DEFINE will completely erzse an existing
definition record while MCDIFY allows. changes to an exlsting
definition record. '

LINEy<n>

This sets the inpuf/oufnut tine 1{ength to <n> characters. The
defauit is 80 characters, '

sTOP

This terminates execution of the compiier, If the definition has
been comcl!ed successfully, an empty datatase wili exist rezdy for the
addition of dats recordse. .

The audit facitity is ziways turned on when the datzbzse definition
compiter is run? all input +tc the system from the INFUT file (the
terminal when - running Interactively) 1is echoed on tre AUDIT files
This provides =a record of the definitiorn that may be edited and used
as btatch-mode  irput to the ccmpiter if the definitior needs to be
changed +1later,  This copy of the definition might alsc be saved so
that it could be used whenr relicading @ dumped copy of the dztzbase,
2eGs foliowing transmit?ai to. ancther site, .
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2e4 COMPILER ERROR MESSAGES

The error messages thzt may be gener ated by the datzbzce defiritionr
compiler are sumnmzrized iIr this section, The prefix ¥*¥ERRCR¥**,
which is commen to 211 messzgesy, has been omitted,

ILLEGAL RECURRENCE GF RECOCRD LEVEL ATTRIBUTE

Ore of the zttribites FILE, or DE has recurred without 2 fclitlowing
pericds Xt . is igrored. '

INVALID COMMAND

A ccmmand hes beer irgut whose 1lr§? four 1etters co rot mzatch any
of those in Section 2.3.

INVALID PARENT SPECIFIED FOR DEe.n

The parent specified for DE.n has not been defined prior to
def iring DE.n or is misspeliled,

INVALID TYPE SPECIFIED FOR DEen

-,

Vetid types are INTEGER, REAL, 'DOUBLE, CHAR, B8IT, or NOCE.

INVALID IPROC TYPE SPECIFIED FOR DEen
INVALID OPROC TYPE SPECIFIED FOR DEen
" INVALID KPROC TYPE SPECIFIEC FOR CEen
INVALID QPROC TYPE SPECIFIED FOR DEen
Vaiid'types ere EXTERNAL, INTERNAL, or CONVERT,
" NO DATA ELEMENTS DEFINED

The databese definjition contalns no DE attr ibute specification
statementis a?;allﬂ ' -

NO TYPE SPECIFIED FGR DEen
Every data element muyst rave 2 type specification.
PROC SPECIFIED FOF PURE NCDE DEen

Since & pure node type <dsta element carries no value, it 1is
meaningless for a processor to omperate on it,

WORK SPACE EXCEEQEB == CO¥MAND SKIPPED
The databszse 'déf!nitlon "is too large to compile in the avazitable

work spaces The ccmpiler must be recompiled with a isrger work space
before proceeding, ‘
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WORK SPACE EXCEEDED =-- RUN ABORTEC

']‘hfere wWas not even enough work space Yo initialize the system..
This 1is an wunrlikely occurrence iIndicstive of systen malfunction,.
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3.1 INTRODUCTION

The BEDMS executive is a self-contained facility thzt allows 2 user
to access and mzintzin an existing database, Commands are provided to
add new recorgs 1o the databzse, to search for recorcs sdtistying
‘stated criterlay and to subsequently display, porint, dump, modify, and
defete such recordss In additiomn, severz! commands zllow user centrol
over certain zsrects of the system®s opersation such as nnpu?/oufnut,
line length, and whether to maintcin an audit trail.

An overview of the executive mill be presen?ed in this chapter, &nd.
the use of most cdommands will be descrited in detalls. Two aress zre
sufficientiy irvotied to warrant separate treatment In the following’
two chapters = the editor and ouery {anguage.
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3e2 EXECUTIVE CCMMAMDS

A1l executive commands teke the form of an English-1angucoe verbd
followed optionatly by z comms and an integer ldentifyirg tHe record
to bte acted upons The commands are terminated by 2 blezrk ard hence
may nrot contain embedded blanks.

Whenever the executive is wai?iﬁg for a user command, It Issues the
message '

ENTER CCMMAND

The command verbs recognized by the executive are -

ADD Add new records to the catabase,

FIND Retrlieve and make currant a set of records.

SET Make 2 pneviously created set current,

PURGE Purge zli previcusly created sets or the 1ast set crezted,

LISTY List 2t the ternminal the current set or a selected record,

PRINT Print off-ljre the current set or a selected record,

BUMP Dump the current set or a selected record in external
format, : ' ‘

DISFLAY Set default 1ist of dats elements to be listecdy printed, or
dumpeds,

SUPPRESS Set default list of those date elements not to te listed,
printed, or dumped,

MODIFY Modify 8 record selectac from the current set,

DELETE  Delete from the datzbase a record selected from the current
set. :

L INE Set irput/output line tengths

AUDIT Turn on audit facility (default),

NOAUDIT Turn off sucit facility,

STOP Ternlnate program executions

In somewhat more detally, these commands functlion as folilows,
ADD

This command irnfcrms the executive that one or more new records are
to be added to the datsbzse, An empty record will be crezted and
assigned the next zvailable recorc IDs Control is then transferred to
the editor so thst the user mey enter data in the reccrdi{s). (See
Chapter 4 for instructions on the use of the editor.) When the user
exits from the ecitor (with a **% or *C editor command), the number of
records added to the database is repor ted in the faorm

<n» RECORD(S) AQDED
FIND
This command lrvokes the auery subsystem and Is 1ci!ewed'bv 2
condition ternminated by a ** delinriters The database will be cezrched
. for records sztistying the condition and {¢f any are found, they form 2

new current set on which subseguent LIST, PRINT, CUFNE, MODIFY, or
DELETE commands will sct. The set identifier and nurber of records in

/
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the set are reportec to tte user in the form
<n> RECORD(S) Id SET <s>»

If «<n>= gy no set s creastec and <s> Is omitteds, The format of
queries will be covered ir detzil in Chzpter S5,

SETe<set number>

This command mzkes & previousliy=-created <set number> the current
set on which subseguert LISYT, PRINT, DUMF, MODIFYy and CELETE cormands
will act,

PURGEy<set number>

This comrmand purges 2 previousiy-created <set number>, freeing the
disc and work space i1 usess If <set nuymber> is omitted, atl existing
sets are purged, (At present, only the last=created sety, or all sets,
may be purged with this ccmmand.) '

LIST.<n>qe<data éaement name 1>g9eses<data element nane i35

Tris command lists the n*"th record in the current set on the system
fife LOG (which is the termirsl when running interactively), If the
number «<n> is comitted, =al! records in the set will be listed.

Each data element occurrence will beqin on a new tire and witl be
numbered [f several cccurrences of that datz slement zre linked to the
same pzrent occurrence, or if it is a record level dastz elemert which
occurs more thar orce, Subordinate data efements will be 1isted
foliowing the parent occuirrence to which they are {irked and indented
according to their idavel In the record structure,

I¥ the 1ist of data elemernt names is omitted, the l1z2st DISFLAY or
SUPPRESS command {(ssued controls which data elements sre displtayed, -
If ro DISPLAY or SUPPRESS cormanrnd has been issued, 3il data elements
are dispiayed.

If a2 1ist of dets elemert names separated by cormzs follons the
commang verb (and record number <n>, {f present), orily those dzta
elements Iin the list will be disnlayed., The entire commsnd, including
the 1lilst of «¢ata element names, must not contalin embedded blanks,

PRINTsend>,<¢data element name 1%gees<data element name 1>
This 1Is identical tec LIST, except that the recordls) is 1isted on
the system flile FRINT, which can be disposed for printing off«line
when the Job is concludeds
DUMP¢n>y<data element name 1%yees¢data element newe i5
- This command is simitar to PRINT, except that the recordi(s) is

dumped on the system file DUMP Iin a format readable ty the editor.
This file msy be used subseguently to 1oad anotrer detabace,
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DISPLAY,¢data element name 139400¢data element nanre Iy

This command sets the dztz elements to be listeds, printed, or
dumped by LISTy FRINT, or DUMF commands that are not followed by 2
1ist ot datc eltement names. This default is effective intil arcttrer
DISPLAY or SUPPRESS command lIs issueds The data element names In the
1ist are separstec by commase The entire command must not cortsin
ambecded blanks,

SUPPRESSy<data element name 1%9eee¢data efement nzme i35

This command hzs a function simidar to the DISPLAY cecmmands = The
difference [s that a SUPPRESS command specifies which data etements
are npot to be listed, oprintec, or dumped by LIST, FRINT, or DUMF
commands that zre not followed By 3 1ist of data element nzmase THhis
‘default s effective ~until ancther DISPLAY or SUFPPRESS command is
issued, : .

If no 11ist of data element names follows a SUPPRESS commandy the
default is reset to 311 data elements,

M{DIFY,<cn>

This command czuses the «<n>*th record of the current set to be
fetched from the dstabzse intc core and then passes contrel to the
editor, The record can be modified as desired using editor commandcs.,
‘When all editing 1is complete, control is returnec to ttre executive,
which restores the record in the database and updztes &1l Indices to
reflect the ctanges in the record, Successful completion of this
operzstion generzstes the mressage

RECORD MGDIFIED
) DELETEyen>
This causes the <n>*th record of the current set to be removed from

the database. A1l irdlices will be updated to reflect this zction,
Successtul completicn gererstes the message

- RECORD DELETED

LINE, <n>

Thris sets the Input/output 1line 1length to <n> cheractérss The
default is 80 characters. ‘ '

PRECISIONy<n>

This sets 1he format used for the display of real values to fixed
precisior with <n> plzces after the decimsl point,

SIGNIFICANCE y<n>

This sets the formst wused for the dlsplay of rez! values to «<n>
significant figures. The default is S sigrificent ficures,
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AUBI?

This command turrs on the aucit facitity (if it has been turred off
oreviouslv with a NCAUDIT commancd), While it is ony 211 input to the
system from the INPUT file (the terminai when running irterdctively)
is echoed on the AUDIT file, Besides providing a record of dctivity,
"this file may be used to ypdate & backup copy of the cztzhese {f 2 run
Is terminated abncrrally (e.3s a flle=preserving system crzsh).,

NOAUDIT
This commang turns off the aucit facility. Normally, it should be

fthe} first command ir a batch rurn, since Iin batch mode. 1re INFGT :119
may te szved &nd used in 1ieu of an AUDIT flite. :

STOP

This signaas the enc of a"-rUn. The executive will gerfecrm
necessary housekeeping furctions znd terminate,

¢
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3¢3 EXECUTIVE ERROR MESSAEES

The error messages that may be generated by the executive gre
summarized in this section, The prefix ®**ERROR***, which is commron
to all messagesSy has been omitted, :

INVALIO COMMAND

Either the command verd was unrecognlzed, or the commznd syntsx was
incorrect,

INVALID RECOROC NUMBER

The record number specified was 1arger thar the runber of reconds
. in the current seft,

INVALID SET NUMEER

The set rumber specified wmas (arger than the number of existing
sets.

RECORD NOT DELETEC

It wWas not possibie to delete the specitied records,
RECORD NOT FULLY DE-IBNDEXED

If a record wes being deletedy, it was not possible tc remove seme
or =211 of its Index entries, If a record was being mcditlied, it was
not opossiblie t¢c renove some or all of the index entries Jor those key
data elements whose values were changeds As 3 resulty tre record may
satisfy some querjies that 1t should not.

RECORD NOTY FULLY INGEXED

If a new record was being added, it was not possiblie to make scme
or 211 of its index entriess It 3 record was being modified,y, 1t ues
not opossible Yo rnake scme or 3all of the new Index entries for those
key data elements wxhose svalues wsere chiengeds As a resulty the record
wil!l not satisfy some aqueries that it should,

RECORD NOT RETRIEVEE

_ It was not possible to retrieve 3 record specified In s LIST,
PRINT, DUMP, MOLIFY, or LCELETE command,

RECORD NOT STORED
it was not . possible to store a new or nmocified record,
WORK SPACE EXCEEDED |
There was not sufficient wmcerk spice to carry out scme recuested

opera?ion. Eefore it will be possible, the system must te recorplled
With a iarger wWork Spzce.
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4+1 INTRODUCTION

The editor is tte subsyster of BDMS which is irvoked by the
executlve to «crezte 2 new record in core prior to Its zdditicr to 2
database {ADD executive ccmmand) or to mocify an exlistirg record which
has been fetchec irto core from the database (MCDIFY executlive
command) . It is &lso irvoked by the database definiticr compifer to
create or modify the cefirition of 3 new database.

It has two operating nodes~ gppend mogde, which Is usec¢ to bulld or
extend a record, and edit modey which altows selective replacerent or
modification o1 data element valvues and insertiorn or deletion of dats
element occurrences, Normalliy, 3 nenw record will be crezted In 2ppend
modey but one might shrift {into edit mode fto correct an error or
omission before +the record is stored. Likewise, most editirc of an
existing record oprobably will te done in edit mode, but append mcde
might be wused to extend the record by simply addirg date element
OCCUrrances., _

The editor reads free format Input comprising comrzsnds and dsta
eiement names 2and assicnment statements, The commards telt it what
operztions to perfcrm on the reccrdy thus setting the operating mode.
Data element ramegs may occur alone or as part cof an assigrment
statement, depencirg on the operation specified by the 1zst command,
In edit mode ftrey wusually are qualified by one or mcre gocgurrence
numbers which iddentify the perticular dgata 2lement cccuirrence %o be
altered, Agsidrment Statements assign wvalues to data slement
ocCcurrences.

Sectior 4.2 of this chapter will describe in detzil the form of
assionment statements to oprepare Ythe reader for the clscussion of
editor commands znc operczting mocdes Iin Sections 4, 3-445s Sectionrn L4,E
is 2z summary of the error messages that might be encountered while
using the editor, :
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“4e2 ASSIGNMENT STATEMENTS

When a value Is to be assigned to 2 data element occcurrences, It is
done with an éssigrrent Statement whose generzi form is-

<datzs element name>» = <value>?

DATA ELEMENT NAMES

A data elerert nrame is elther the preferred name cr one ¢f the
synoryms specified in tte databese definitions In edit mode, i1t nmavy
-be gquatified by ore or more occurrence numbers -=- Integers sepesrated
from the name and each cther by periods, Occurrence rurbers will be
discussed In Section 4.5,

NUMERIC VALUES

The wvalue of an INTEGER type data element must te 2 serjes of
digits prececec ogtiorzslily by 2 + or =« sign. The value may be
expressed as a binaryy octal, decimatl, or hexadecimal rurbtery the bese
i1s specified by 3 sircle letter fcliowing the nunber as followse

B Binary

0 or @ Cctal

D or zbsent = Decimal

H or ¢ Hexadeciwral

The set of 3liowable dicits is that subsast of (§-9, A-F) appropricte
tor the bsse chosen,

The value of a REAL or DOUBLE type data element must te & series of
decimal digits preceded optiornclly by a + or =- sign, ‘It may, in
additiony, have =& decime! poimnt and/or a power-of-ten multiplier
expressed as an £ foilowed by the integer axponent with an cptioral
sign. :

Blanks anywshere within a numeric value are [gnored asnc the walvue is
terminated by 2 semicclon, Numeric values must not exceec the mexlaur
size which <car be stored &5 a single precision number (or double
preclision number for {DOUELE type) by the computer being usede.

A numeric vector wvzlue |Is represented as a3 series of component
values constructed szccording to the above rules, sepcrzted by comres
and terminated by a semicolons ¥For exanmple, v

X = 15934297463
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CHARACTER STRING VALUES

The value of CHAR type datas element is the character string between
the relationzi operator and 2 terminating semicotor, Leadirg and
traiting blanks are ignaed but embedded blenks are considerec to be
part of the value, If leadlng and/or trailing blznks sre desired,
they may be forced tkrough use of the symbol for logicat negatiorn, (2
backward siash in ASCIY character set), Each leacdlinc or trailing
negation symbol is corverted irto a blank when the value is stored,
If the charszcter string conteins semicolions, they must be doubled to
.avold confusion with the terminating semicolon} any semicotion
immediately followed by another semicolon will be sterec as 2 single
semicolon and wiltl not terminate the string value,

NULL VALUVES
A data element occurrence of zny type may be assigned a null (l.e.
undefined)  value by. an assignment statement of the ftaorm
- <data element name> = 3

IThis 1s occasionalily usedul if it is necessary to enter a value fon 3
subordinate data element but no vatye Is known for ifs perent,
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4+3 EDITOR COMMANIS

" The editor is controlled by commands which either set its operzting
mode 23and determine how subseouent datz eslement names znd assionment
statements will be interpretedy or cause some immedizte action to be
taken, Al1 commznds are single letters preceded by an asterisk znd
folicwed by a blan¥k, They wili be summarized here znd discuscsed 2t
length in the fcllowirng two sections.

COMMANTS THAT SET OPERATING MODE
Append mode |
*n' Append datsa eﬂemeni occurrence(s).  This is the cefault mode.
*R Feplace datsz e!ewent value(s)‘
%S Substitute string{s) in data element va!ue(s).
¥D .Defete czta element occurrence(s),

" *1 Insert data element occurrence(s),

COMMANCS THAT CAUSE IMMEDIATE ACTION

** Exit frcm ecitor = record will be stored or repleced by edited
version. ' : .

*C Cancel edit - do not store new or altered record,
This comman¢ simply termirates the editor and retirns cortrel
to the execitive. If 3@ new record was being input, it will
not be stored In the datsbases If an existing record was
being editecy no changces made will be reftectec Ir the
datzbzses It Is primariiy useful In an interactive segs<sion to
terminate a hopelessly confounded edit or one wvhich was
mistakeniy be:uﬂ.

*L L15?71he,present state 0f the record,
This cormznc a3licus 3 recoerd to be visually checked anytimre
whiie it Is being created or edited, It does not affect the
cperating mcde or alter tre edit command in effect wheér it is
civen.

*f End of record., -

This marks the enc¢ of & record when multiple records 'are being
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" ADDeds It is usualily not needed {cCsfs Section .4, subsectlion
‘on automatic record gererztion). When MODIFYing z record, it
has the same effect as *%,
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ko4 APPEND MODE

When first entered, the editor (is in append modes It may be
returned to append mode 2t any tine with 8 *A commard,

ORDER OF ASSICGNNENT STATEMENTS

Ir append mode the order in which assignment stzterents and pure
noda data elerent nzmes are entered determines the order of the dzta
element occurrences <crezted and their linkage $to parent occurrencese.
The occurrences of 2 data elerent {inked to each occurrence cf its
parent cata elerent {or tre recorc¢ level data etement) form an ordered
fists In generzl, each zssignment statemaent or pure ncde rame creates
a new occurrence of a data element which will be addec to tHe epd of
the 1ist of occurrences that jis linked to the tagsti=-crezted occurrence
of its parent data element, ' ‘

For example, if data were being added to the datzbase descrited In
Chapter 1, _

AUTHORSA 5
A.=JONES;
Ae=SMITH?3
I.=LBL?

AUTHORS» 3
Ae=BAKERS
I.=UCB}

would create two AUTHORS groupsy the first with two authers at LBL and
the second shose sirgle z¢thor is affjitiatec with UCB.

The perjiods followirg the cata element names mear *rext®, A dzta
eiement name without 2a per iod meens **first®® or occurrence number 1.
The next two subsections wiitl etucidate the signifliczrce ¢f these
conventions,

Other than havinc ¢stz element occurrences In the cesired order znd
following the correct parent data element occurrencey the corder of
assignmert statements ir appenc mode Is immateriz1. &n assicrment
statement for the referencey Ry could have been Insertec anvwhere In
the preceding example wnithout affecting the creaticn of the AUTHCRS
groups.

AUTGNATIC PARENT NODE GENERATION

Ir append mcde, NGDE type perent data element names czn ususlly be
omitted from the irput streame The occurrences of sucht data elements
necessary to {irk togetter subordinate data element occurrences will
be generzted sutomailically if
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1) one of the suborcinate deta elements Is encountered ir the
input stream and no parent occurrence yet exists, or

2) occurrence number 1 of ore of the subordinzte csta etenrents
s enccunteredy, ives the data element name zppezsrs without 3
period follovwing ity and the lzstecreated parent occurrence
alrezdy has et least one occurrence of that catz element
{inked to it,

Thusy the prececirg exzsmple could hzve been entered ir tha simpler
form : .

A=JONES:
Ae=SMITH3S
I=LELS
Az EAKER S
I=UCE}

or couivalentiy,

I=LEL3 :
A=JONESS
A.=SMITHS
I=UCES

A=EAKER

Fach occurrence of A ir the first case or I In the seceord cduses the
creatior of an AUTHORS nodes

Automatic pzrent node generation will also work if the parent dats
elfement s not NCDE type. In this case, an automaticstiy denerzted
parent occurrence will hzve a null value,

AUTONATIC RECORD GENERATION

When ADDing recordsy, {f a record-level data ejement namé 3ppesers
more than once without a fcilowirg perliod, the second occurrerce will
trigger the storace of the previeus record and begin a ner oné just as
if & *E commznd hac been encounrtered, The second occurrence of the
record-ievel dsta element wlil become 3 part of the nem recond.

The record itseif mzy be considerec¢ t0 be the pure rcde parent of
all record=-level cata elements, so automatlic record cenermztion is
completety 2nalcgous to the autometic pzrent node generztion described
In the preceding supsecticn,

If the edlitor has been ‘invoked by a MODIFY executive ccrmand,
automatic record generation is meaninglessy so that ir zrpend mcde, 2
recurrence o0f a record-level czta element name without 2 perjod wii!
be flagged as ar input errot, '



o - © ECITOR : o 29
v APPEND MODE '

MULTIPLE ASSIGNMENT STATENENTS

Several consecutive cccurrences of a data efement may be created
without the necessity- cf repezting the data element reme, This 1Is
done with a nultiple assignment statement, whose most gereral feorm is

<GE rame> = <vatue 1>3<vatue 2>Jaes )

Using a muylitiple assignment 51atemen?, the preceding example could
have been Irput in the still sinmpler form ' o

A=JONES:T SMITH3 I=LBL:
A=BAKER3 I=UCBS

or eaquivatentiy,

I=LBL; A=JOMES; SMITH;
I=UCB} A=EAKERY

‘The difference between the two assignment statements

X=14243%
and C
X=132333

should be clezsrily urderstoods The first creates a sirgie occurrence
of X whose value is @ three-comgonent vector {assuming X is defired to
be a numeric type dsta element)s, The sSecond creates three occurrences
of X whose vatues are 1, ¢y and 3, respectivelys, o

Irn order to inplement multiole assignment statements, tre ingut
processor, wil1 gttempt . to interpret anything which is rnot =

recognjzable dzta element name  or z2ssignment staterent as zrother c

value in the preceding asssignment statement, If a dcte elemernt name
is misspeiled, the erroneous assignment statement czrrot be
distinguished from snother wvalue for a wpreceding CHEAR type dzta
element, It will only be recognized a3as an error if the rrecedirc deta
eiement Is not CHAR type. :
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4e5 EDIT MODE

Ary of the <commands *R, *S, *Dy or *I places the ecitor iIr ecit
modes '

NANING DATA ELEMENT OCCURRENCES

Ir edit moce, tte data element occurrence to be altered is
identified by specifyirc its position within the record structure.
To completely identify 3 perticular data element occurrerce, one myst
specify its nzme ard occurrence numbery, the number of the parent
occurrence to which it is iirkedy the opumber of the grandparent
occurrence to which its garent is linked, etcs Up to the record-level
ancestor, The serjes ¢f occurrence rumbers (s appendec to the dats
element name in this ordery is.es,9 Iin order of Increasing remoteress of
the 2ncestor,y as z serjies of intecers separzted from the rame 2nd e&ch
other by veriods.

Referring to the examgle record structure of Chapter 1, Aehe2 would
identity the fourth  author Al of the second gLthors croup,
AUTHORS .24 The (first and onty) X value In the second DATUM In the
first TABLE would bz jdentified 2S X:1e2+1y etc,

Under certaln circumstances 1t 1Is not necessary 1o specify &1t
these occurrence numbers since tre editor wilt supply default vziues.
This will be discussec¢ below in the subsection on path remory.,

REPLACE COMMAND (*R)
This 1is followed by assignmert staztements which ccsi:r new values
to existing datz element occurrencas, for example, ,
*R AeZ+1=3.00E%
would cause the valye of Re2s1 to be replsced by J.DCE,

It is not mezningful tc repiace a pure NODE type da2ta etlemenrt since
it carries no value, '

SUESTITUTE COMMAND (*S)

This allows the replzacement of a selected substring »ithin 2 CHAR
type data elerent value, It wnorks {ixke the *R command except thzt the
data element watlues within zssignment statements whict foldow a *S
command have the form :
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<delimiter><oid subsﬂring><de11mi?er><aéw substring>«detimiter>,

The <delimiter> may be any character that does not occur in elther the
<gld substring> or the <new substring>, A1l blarks within the
substrings sre significant,

The <new substring> will regliace the first substrirc in the dzta
efement value trst matches the <old substrings. If the «<old
substring> (s nully the «<new sSubstring> will be irserted % the
begirning of data element values If the «<new substring> is nuil, the
first substrinc ir the data element value that mztches the <«<old
substring> witll be celetec, '

For exampley, if Ae2+1 has the wvalue J.DEC, thé commznd

¥S NeZe1=sEC/0E /3
would charge it to J.I0E. The command
*S AsZei=/78/3
would change thet valve to BJ.DOE, while the command
¥S AeZel=z/3773%
would teave as & final wvzliue B.DORE,
The modifiec data element value Is echoed following executior bf a

¥S commind so thet +the correctness of the substitition may . be
ascertzined, ' - I

DELETE COMMAND (*D)

Tris is followed by the rames of the dztz element occurrences to be
deletedy each termingted by a semicolon, All cccurrences of
subordinate data etements linked to a deleted data elenmert occurrence
are gliso deleted, : v : :

For example,
¥ DATUY.Ze13

would defete CATUM.Z in TAELE.L1 and any occurrences of X, Yy 0V, 2nd-
CO tinked to it. ' : :

After a dcate element occurrence has been deleted, 2Ny occurrences
of that data element i{inked to the sasme parert cccurrence and
following the deleted occurrence will be identified by occurrence
numbers one sr3iler tran originaliy.




be5 ECITOR 32
EDIT MODE

INSERT COMMAND (*I)

Tris 1is follovet by z2ssignment statements {or occurrence nzmes for
pure node type datz elements)s Each of them will cause zn occurrence
of a3 data eflement to be |Inserted before the remec occurrence,

Fer example, If the zuthor name which should have been B.2 In
AUTHCRS.1 had been mistakenly omitted from a record, it cculd be
inserted with the ccmmand

*1 A0291=J0£0E;

After a dste elemert occuyrrence has been Inserted, ary occurrences
of that dats element linked to the same psrent occurrence znd
folicwing the inserted occurrence will be jdentified by occurrerce
numbers one jsrger thar origiraliye Hence the inserted occurrence
Decomes the nemed oCCATrence, '

Ir order to a8dd a data seslement oaccurrence after 2aill existing
occurrences lirked to a civen parent occurrence, one elither specifles
an occurrence nymber grezter than the number of occurrences zlrezdy
existingy, or specifles cccurrence number 0y or simply cmits the lest
gual ifiery, but not jits precedirg perjiode Hence, the ccmmand Iin the
preceding exsmple would rave the desired effect even it BUTHORS.1 had
only one subordirnz te A ocecurrencea prior to tre inserticn.

A multiple zssignrent statemert following an insert command causes
several new occurrences to be inserted before the specified occurrence
of the data elements They widl occur in the modified record in the
order of thelr appearsnce In the assignment stztement, Af ter
insertion, ary occurrences of that cata clement tinkec to the sSzme
parent occurrence ard followirng the inserted occurrences will heve
thelr occurrence numbers Incremented by the numbér of ([irserted
pccurrencess :

For example,
*T Aelbe2 = JoSMITHY B,JOMES?

nould Jeave AUTHFORS.Z2 with A.b4=z=J.SMITH: and A.5=B.JCNESt. If an A.4
existed prior to  insertion, it would NOowW be Asby etce,

ORDER OF EDITS

Ore point made iIn the preceding discussion werraents furtkher
emphssis - data element occurrente numbers zre relative list positicns
and can change duyring eciting, After data element occyrrénces sre
inserted or deletecy 3ary occurrences fotilowing the Insertion or
deletion point (linked to the same parent occurrence) must be
identified by occirrence numbers larger or smaller thzar origirally.
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Irn order. to avoic confusion, especialiy when workirg from a crinted
tisting or dcing bztch urdatesy, replacements and substitutions shoyld
be done first, atd Insertions and deletions should be cone from the
bottom upy 1iees thcse data element occurrences witr the highest
pccurrence numbers sheuld be edited first, Then successively modlfied
occurrences will retain tre occurrence numbers of the originsl record,

It one does become confused while working iIrterzctively, the
current values of tte occuirrence numbers may be ascertzired by tisting
the record with a *L command,

PATH MEMORY

In edit mode, the ecitor will attempt to supply @ default parent
hiersrchy for & data element beirg modified if the user has not glver
compiete position irfermetion,

This is implemented with 23 pgth memgory, which works as follows,
The editor rerembers the path taken through the record structure to
arrive at the position of 2 modification., Then, iIf the position of
the next modificatior is not completely specified, 2an zttempt will be
made to 1ink whztever partial path is specified to the peth rererbered
from the {ast wmoditficzstion, If this linkage can be echievecd, the
resulting path will be used as the positior of the new modification
and the path remory updated,

The path memery 1Is clesred when the editor enters sppend mode,

The best way to understend the effect of thls generzl mechenism is
through the consideratior of some specific examples.

1¢  Suppose one wishes to replace the wvajues of several A®s
Wwithin AUTHO¥$S.2. This can be accomplished with the commard

¥R Asl42=B+JONESY
AJu=L,EAKERS

The occurrence of the parent data element AUTHORS is not
specified for A.2 and A.4 and so it is assumed to be
AUTHORS.2y 3% specified for A.l.

2e¢ Suppose that the entire second AUTHORS group was
inadvertentiy skipoped when a record was initizitly Input, It
could be Iinserted with the command '

*I AUTHORS.2: :
A=€e JCNESS EJSMITHS JeDOE}S CeBAKERS
I=LBLS

Sinrce no parent occurrence is specified for Aely Aa2y Re3,
Aeby and Ie1y it i= picked up from the path mengry 2s
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Suppose thst a rew third datum is to be adced to TABLEeZ.
It can be inserted with the command

*I DATUM.3.23%
X=1452373 '
Y=3.,20€3 DY=0,0013
. (D=NEW DATA PUOINTS3

Since no pirent occurrence is specified for Xeils Yeily &rd
CDely it is gicked yp from the path memory as DATUM3 ir
TABLEJ2s For DY.1, 1t is assumed to be Ye1 in CATUM.3 in
TABLEOZ' » '

34

Suppose that after the edit in 3.4 one desires to replece the

value of X1 in DATUM'Z in TABLE.2s The commanc

*R XNele2z2.372%

will accomglish this. It is not necessa?v to give a complete.

positicn specificatior For Xy, namely Xa:1.2.2y becayse the

default otcurrence of TaELE resuiting from the grevious edit

1s TABLE.2.
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4.6 EDITOR ERROR MESSAGES

Ir this =sectiony, the ecitor error messzges will be summarlzed z=nd
their meanings elzborated, It must be clearly reccgriied, homever,
that the editer is designed to make svery effort t¢ find & legal
interpretatior for all input [? processesese The iImpliccstions of this
were discussed In section 4.%. {subsection on muitiple assiorment
statements),

. Ir gereraty, when an error s detectedy, that pzrt of tre ingut
strezm which caused the error will be skipped and crccessing wilil
continue with the follicwing inrut. 1In append mode, thris means trat
some  data element occurrence wWill not be createds In edit mode, sCRe
edit operatior vil} not be performed. If cre is working
interactivelyy, the errcor wusually can be corrected immediately, In
batch modey, one error wWill scmetimes cause severzl cthers, €+9¢ 3
parent data element occurrence [s not created due to £ misspeiling,
causing several scibordinate c¢ata element occurrences to be 1inked
incorrectiy to & previously crezted parent occurrence.

A1t error  messzges issued by the editor are preceded by
*¥*FERROR¥* ¥, " This prefix has teen omitted in the follicwing list of
messages.

DATA ELEMENT VALUE IN DELETE COMMAND

It is not mearirgful to specify a new value for z data element
occurrence being celetec, Oniy data element names terminzted by
semicolons may follow 2 cdelete command,

ILLEGAL RECURRENCE CF RECGRD-LEVEL DAYTA ELENMENY

A record-teveil data element name without a pericd occurred in

append mode while MCUIFYing 3 record which already hzs &n occurrénce
of that data element, While ADDiIng records; this is nct an error but
witl cause the zutomatic cenerzticn of 2 new record,

INCOMPLETE ASSICNMENT STATEMENT

In batch modey, 2an end=of-Ffile condition has beer sensed while
processing a cata elerent name or value., Probably the terrmirating
semicolon was omitted.

INCORRECT QUALIFIER

The editor could net determine the path to & data efement
occurrence basec on the occurrence numbers given anc the currant stzte
of the path memorys. This message ls also given If toc mary occurrence
numbers are speciiied for the depth of 3 data efemert within the
hierarchical record structyre,

INVALID LENGTH RETURNED EY IPROC

The user-sucplied IFROC routine thas returned = regafive dsta
ajement length.
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INVALID NUMERIC DATA ELEMENT VALUE

The value specified for a numeric data element does nct have z fern
valid for its types

MISSING DATA ELEMENT VALUE

A non-NQCDE type data element name is followed immediatetly by 3
semicolon, This is onty alloved in a delete comand,

MULTIPLE ASSICNMENTY STATEMENT IN REPLACE OR SUBSTITUTE COMMAND

Orly one detzs etement occurrencte 3%t 3 ¢time msy be replaced,
Muttiple assignment statements are not meaningful followirg & repizce
or substitute command,

NO MATCHING SUBSTRING

Tha ofd substring spec] fied ir a supstitute commanc dces not occur
in the strirg being scanred.,

NON-CHAR DATA ELEMERMT IN SUBSTITUTE COMPAND
A substitute ccmmand may ondly operete on CHAR 1voe4da?a elenents,
PARENT DATA ELEPFENT NISSING

An ed(t operatior cennot be performed because an Iindicstéd parent.
data element occurrence does not exist.

PURE NOUE DATA ELEMENT IN REPLACE OR SUBSTITUTE CCMMAND

Since a NODE type data element carries no value, [t is mearirgless
to replace it Oniy assignrert statements may follow 2 rdplesce or
substitute command. _

QUALIFIED DATA ELEMENY NANE IN APPEND MODE

Deta element nzmes may not be followed by occurrerce nunbers In
append mode,

SPECIFIED OCCURRENCE TOES NOT EXIST

The data element occirrence specified In an edit coumznd does rot
exist, an odcurrence number probably was input Incorrectly,

SUBSTITUTE COMMAND SYNTAX

The syntax o0t 3 substitute comrand Is incorrecty €.0s the delinmiter
charascter does not occir exactily three times or there zre non=blank
characters between the ttird deiimiter and the terminztirg sewicolcrs
UNDEFINED DATA ELEMENTY NAVME

Thre input stresm contains a dats element name which couic¢ not be



Leb . EQITOR
ECLITOR ERKOR MESSAGES

recognized and could not be Interpreted as another value
preceding assigrment ststement,

WORK SPACE EXCEEDED

A data eleffent name or wvalue is longer than the zvasi¥dble
space or there is no more spece availatle for expansicr of the
memor y. In generaly the system nmust be recompiled with 2 longer

space to guarzntee that the errcr will not recur when accessing:

37

ir »

work
psth
work

thls¢"

databases Sometimes, storing the record and then retrieving it agzin
will free enough work space to alleviate the probiem 2n¢ s1tow further
editing. This is likely 'if extensive edi?s have resuifed in 2 large

amount of deac space in the recorc,
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‘47 LIST ERROR MESSAGES

Certain error corditlons that generate messages can arise while
1isting a reconrd, They are summari zed In this secticn,

. Ail error mesSeges issued by the 1ist routine are preceded by
«#XFERROR?**, This prefix has been omitted in the follcwing tist of
messagjes.

INVALID LENGTH EETURNED BY - OPROC - DATA »ELEHENT'SKI?EED

" The user-sugplied OPROC routine has returned 2 negative data
efement length. : :

INVALID MODE PARAMETEE -- LIST ABCRVED

This x»i11 «<nily occur when the user calls LIST directly with an
invalid mcde parameter,

RECORD BUFFER EMPIY == LIST ABORTED
) There is: no record In core to be listedy, nNnot even zn empty one,
"This witl only occur if a user calls LIST directiy without. crcper!y
_initiallzing the record btffer.

WORK SPACE EXCEEDED == DATA ELEMENT SKIPPED

WORK SPACE EXCEEDED -- LIST ABORTED

The 'rééord is sc targe that there is insufficiert werk spzce for

LIST to operate, The system shoulid probably be recompliied wlfP 8

iarger work scace for use with tbis database,
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5¢1 INTRODUCTION

Tha BOMS - gquery fancuage permits a user %o search z datatzse for
those records satisfyire en arbitrarily complex concditlor cn key
{indexed) -cdata element wvalues, The cordition Is ccnstructed as &
Boolean combinaticon cf ‘Key value specificaticrs, frcludirg
inequalities and ranges, Furthermore, it is possible to search for
records having an occurrence of a2 specifled data element regardless of
valuey, or for those having an cccurrence of the datzs element with 2

null  vatue. Truncated value specificetion for charecter string kevys
may be wused to search for those records having an occurrence of the
~data element beginning in a particular way. .

o The retrievel facitity is irvoked by the FIND executive commard,
This' must be fcliowed by 8 condition that is terminated by a *¥, [,e.

FIND <«conditior> *»
The set of recorcs that satisfy the éondi?lon Is éssigned a =et
identificatior number, snd the number of records 1ir the set Is
reported in the forms :
~ <n» RECORD(S) IN SET «s>
. If no records sztisly the conditiony, the response ls‘

0 RECORD(S) 1IN SET

The number <S> aﬁsisned to 2 ncn?emoty set may be usec In subseguent
aquer ies in combinatior with further conditions,

The ,héxf two éec1lons cescribe the format ¢f conditions,
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52 SIMPLE CONDITIONS

A sinrple conciftcn has the formw -

<SIMPLE CONDITICN>== {t= 3} £ (=11 13
" £0> 3} <VALUE1>3 {70{ < 3} <VALUEZ>3)}

{{>=} { Ce¢= 3} 1}
{ .
. <KEY DATA ELEMENT NAME> {(({< 3}

| €<=} <VALUE>3
Le>d
£
€3

5

‘where curly brackets {) surround a set of options, one cf which must’
be choseny, &nd squére brackets ({1 surround 2 corpletely optiorst
element, The relational operators <=y >= =, <> stand for "less than or
equail®,y "greater than or egual®, znd *not equal®, respectivelv. Thus,
an exact valuey an. incltslve or exclusive upper or foner bound, or 2
range of values may be scecified.'- : :

Exampies of vatic slmp!e conc;tiqns gre =
A = JONESS |

A <> SMITH3

£

X > 53 . T0 < 83

The - 1ater two examples differ In tﬁat the second excludes both
endpoints of the range. ' ' ’

THe condition
{Rey data eéemeﬁ? name>» <> «VACUE>:
wxil be satisfled by 2all records which
‘a) have at fezast one ‘occurrence of the named dets e!ener?,grd

b) have no occurrence of 1ha? dafa elemenf whose valué ngfcres
that glven, :

If no wvalue appears after the relational-operztors = of <>, 2
search [s made for those records which respectively do or do rot have .
an occurrence of that dzta element with a3 null values Note thet this
corresponds to the syntax used %o enter 2 nuil value yusirg the editorﬁ
{cfa Chap?er 4} For excwple,



5.2- | _ ﬁETR!Ean - v ' ' .bi
o SIMPLE CONDITIONS R :
A =3
lwouid’resuf? in a search 1or'a!1lfe§6rds héving 3 null vealue for A and
A o : : _
.defines the complement set,
Theﬁ!ast form alloved for a simple condition, esg.
<kgy data e!eman?’hame>z o

defines the set c¥ all records having any occurrence of fhe specif!ed
data element, regcrciess of values,

-The format of a ua!ue depends on the data element type and Is the
same as that accepted by the editor (cf. Chapter &)+ Key values In ar
index zre fixed length, derivec from the corresponding data element
values by truncetior or padding: data element values In 3 query witi
be ftruncated or padded In the szme way to ensure valid corparisor with
index vaiues, . _ '
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53 COMPLEX CONCITICNS

The mos*t genersl condition that may appesr in a ouery Is
constructed out of simple conditions and previously defined sets
according to the followirg recursive definition -

<CONDITION>=(NOT) {<SIMPLE CONDITION>} { CAND)} <CONDITICN>]
(<SET NUMBER> } t (OR 2 ]

That 1sy simple conditicrs and previousiy=-defined sets, icdentified by
number,y, may be ccmbinec wusing the Boolean operators NCT, AND, 2nd
OR. NOT has the hlghest precedence and OR the lowest: this ordering
may te overridden trrough use of parenthesss,

Note that simple concitiors znd set numbers play eogulvalient roles
. 1ln 2 complex guery., This is because each simple condition way be
viewed as defirirg ar (irtermeciate) set, These sets, ciong »ith any
‘existing sets appsaring in the query, are then combined ty union
(OR)y Intersectior {(AKD),y and complement (NOT),

It should be noted thzat the tmc conditions
<key dataz eaementrneme> <> <VALUE>}
and |
NOT <key dzta element name>» = <VALUE>S

are not eguivzient, The mearirg of the first was elucidated in the
preceding =sectiorn, Thre <ceconc differs in that reccrds Hezvirg no
occurrence of the name¢ data element will a3iso sztisfy lt., This
happens becuasse NCT ccemplements the set defined by =a fellewing
condition and the universal set iIin terms of which conplementztion is
defined 1Is the entire catabase., Thus,y the effect of g2 NOT operator
cannot simply be absorbed into the relatioratl operztcr znd

NOT = <>
NOT <« >=
NOT > are not eguivalent %o <=
NOT <= ' >
NOT »>= <
NOT <> =
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As mentioned Iir Chapter 1, every record in a. databace i< asciorec 2
unjaue and permenent in?eger record ID when it is first created. The
pseudo cata element nzme REC-IC wzy be used in 3 simple ccnditiorn to
refrieve records by treir ID"s. Any form of the simple conditior
inciuding rances znd ' SRR '

REC-ID}Y

is atlorieds, The set of record< satisfving the latfer *condition® is
the entire database.. '} : - '

Simple conditicns cn: REC-ID may be used as comgonen?s cf a corplax
conditionr. : _
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S+5 TRUNCATED SEARCH

Truncation grovides =z way of searching for records that centzin:
occurrences of some deta  element whose value begins ir a2 specified
Way, regardiess of the rest of the vatue., For example, cre miaght 1ike
to find ati{ papers zuthored by Smith, regardless of how tre first nzme
had been entered Ir the catsbase. If authors® names were storec¢ fzst
name first, one could just do a tryncatecd search for Smith,
Truncatior s indicested in the BOMS query ftanguage bty 3 sirgle /
{slash) following the gpartial value, Thusy the preceding exemgle
would be expressed 3s

FIND A=SMITH/% **

finy record with 2z value for A whose first ftive cherzcters are SMITH
would satisfy the condition.,

If one desires to search for 2 vaaué which happens to erd with 2 /,
the siash may be doubled *to prevent ifts beilng interpreted as =
truncatior delimiters, Ffor example, ' :

FIND CT=ABC//3 ¥*

Wwould find ail! records hzving a2 value. ABC/ for CT, If cre desires to
truncate immediately following 2 /74 then three silashes zre required.
For example, ’

FIND (T=ABC///7% **

would. find all records containing vatues of CT which tegin with the
charzcters ABCL/a

Truncated wvelues may be wused in conjunction with zny rélztional
operztor. Elther or toth of the endpoints of 3 range search may be
expressed as truncated values In the szme ways Since eguality te 2
truncated wvalue actyaily defines a range of values that will setisfty
the concition, the meanincs of the remaining relational cperators will
be 2affected ir a correspondinrg wayy, elucidated by the followirg
diagram - ' ' '

< - : >
L BB B RBD B G DD DT D PR IS SR U WA 4B e R R Gh M D R A U D AW W WS R MDD W e D
< =
£ - o - D S W WD D AP dn A A D D WS A TR ED S AD A W
> =
----“--‘-ﬂ‘-ﬂ.-------ﬂ---- ..... -----‘.-)
< >

€ - - - - - mn e ) W A AP A D A W AR AR WS B - -y

The range of record velues setisfying an equality condlition is
represented by the middle segment of the top 1ine wnhile the rances
satisfying other <corditions involving the same value but different
" rejational operstors are represented by the other tire segrents,

Simple conditions 1irvolwing trunczted values msy Le wused ss
.components of a comrlex concition,
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56 RETRIEVAL EFRROR MESSACES

The error messzges trhat can te generated while processing s auery
are 1listed belows The ertire auery s scanned for errors and only 1f
none are getected is the c¢atabasea actualily searched,

Al érror resseges from the query processor are preaceded by
*XXERROR¥**, Thls orefix hes teen omitted In the follcowing tist of
messages, :

INCOMPLETE QUERY

In batch mcdey &n end of file condition has been sensed while
processing a gquerys, Probably the query terminator (**) was cmitted.

INVALID LENGTH RETURNED BY QPRCC

The wuser=suppiled QFROC routine has returned =z regative dats
element length, ‘

INVALID NUMERIC DATA ELEMENT VALUE

The value specified for a3 numeric data etement does not have z fcrm
valid for its type. ' '

INVALID RANGE SFECIFICATION

A mezningless set of relationzl operztors has been used In a range
conditiony, esges X « 73 TC > 9%, '

INVALID SET NUMEER

A set number has been usec that is lass than or ecual tc 0, or
farger than the last=crezted set number, '

NON-KEY DATA ELEMENT IN QUERY

A data element wused In the aquery is not defined to be = KEY.
QUERY SYNTAX B

The query hes nect been properly construéied cut of simele
conditions . and Bociean operators, @sges two or more simple conditlons
are not joined by 3 Boolezn operator,
TOO MANY LEFT PARENTHESES
TOO MANY RIGHY FARENTEESES

The parentheses gppesring ir the query are not properly pzired,

UNDEFINEC DATA ELEMENT NAYE

A data element nrame appearirg In the query cannot te recogni?ed.
It has probably been misspelled,
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VALUE SPECIFIED FOR PURE NODE DAYA ELEMENT

The query includes a condition on the vatue of a NODE data element,
This 1Is meanirgiess sinrce a pure NODE carrles ro value, Perhsps the
data element name Is wass:e!ledg

" WORK SPACE EXCEEDED
Ine' system has run out of wmork spece while processirg tHe guery,

It may be necessary to recompife the system with a lsrcer work space
for use wlfh this dztzbases ‘
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6e1 INTRODUCTION

Utitity programs are orbvided_wi?h;aﬂms to perform the mairterance
‘functiors of .initial detabase 1ocadingy, dumping an entire datsbese in
~external format for transmittal, compressing dead speice drom the dzta
fite, and rebzlancing the  index trees, - Use of these programs is
explained In the tollowing sectiors. ' : ' '
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6.2 LOAD

The LCAD utifity is used for inltial bstch Joading ¢of a detzbases
At present, [t cannot be used to 2dd records to an existirg datzbasse -
"that must be cone with the executive ADD commands LCOAGIng is 2 mdch
more efficliert operaticr than ADDing tecause the index entries are
saved until all records have been stored In the catz filey znc¢ then
the Index trees are built from the bottom up In @ single passs Thus,
the index trees are perfectly balanced, feading to meXIHLW efficiercy_

in ouery processing.

Input to the LOAG utility consists of one or more commsnds fcilowed
by the data to be fcaded in exterral editor formaty, with records
separated by *E and tre last record terminated by *¥¥, This is the
formet oproduced by the DUMP utility or the executive BLMP command.,
The commands that may precede the Input data are =

LINE,(Q)

Thisf sets the input 1ire  tength to <n> characters, "It no LINE:
command ~ Is- present, the {ine {length defaults to 80 cherzcters,

"FREEy<n>

This sets the amount cof free space to be left on each index pege to
altow . future catabase expansior without the possitle conseauence of
unbalancing the index trees. If <n> <> 8y <n> percent free space will
be teft on each page. If «<n> = iy the pzges will be conpletely filted
to achieve mirinum index size for 2 static database,

LOAD

This fermihates the command stream and initiates the data <treém..
A LGCAD command mast gprecede trte datz even lf ro other commends Zre
presen? in the inxui strezm. .

These commangs are terminated by 2 b!ank and hence must no? ccnteir
embecded blarks, :
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6e3 oUMP

The DUMP wutility {is wused *c dump an entire database in s formzt .
suitable for subsegquent reloadinc. This Is primarily useful 1If it is
necessary to transmit the datzbase to another -  sites To achieve
maximum efficlencyy, the records are output In the {rzrdom) crder Iin

" which they occur 1In ttre data file, rather than Iin reccrd I0 or key

sequence. It it is desired to dump only selected parts of a detzbase,
this may be dene with the executive FIND and CUMP commands,

The - DUMP utilifv reads from the input fx!e command< <peél!yirg the
formzt of the dumg file. They are = : .

LINE, <ny

, This sets the ipu?put 1ine tength to <n> characters, If no LINE
command Is - present, the .lire Alength defaults to €0 charzctens.

EXPAND

This selects an. expanded -dump format in which ezch data element
occurrence begins 3 nex {ine, This may be useful if 3 text editor is
to be wused tc modify the dump file prior to reloadirg the dztzbase,
If ro expand commard. is opresent, a more compact and e¥Fficliently
readable format 1Is usec In which the output 1ineés zre completely
fi!!ed. S . ' : ' - :

These commands are fermirated by 2 b!enk and hence nrust not cen¢=ir
iembedded blanksa. :
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CLEAN

beld CLEAN

, The CLEAN utility Is usec¢ to compress out of the deta fife the dead
space resulting from update activitye The frequency with wRich this
operetion should be cérried out depends on the nature and freguercy of -
updcte actlvh‘v for ﬂ‘e datzbase. -
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65 BALANCE

The  BALANCE wutility 'is used to rebalance the ingex treés. This
operation may be necessary after extensive update activity in order to
optimize query processings _

The 'anut fife optionally may contain the follcring conmarde
FREE, <n> |

This sets the sfqourt cof free space to be laft on each index page to
atlow future cztabase expansior without the possible ccocnseguence of
unbalancing the index trees, If «n> <> 0, <n>» percent free spece will
be 1eft on each pages If <n> = 0, the pages will be conpletely filied
- to achieve minimum incex size for 3 static database.
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LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the Depart-
ment of Energy, nor any of their employees, nor any of their con-
tractors, subcontractors, or their employees, makes any warranty,
express or implied, or assumes any legal liability or responsibility for
the accuracy, completeness or usefulness of any information, appa-
ratus, product or process disclosed, or represents that its use would
not infringe privately owned rights.
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