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Supblectd Mulrtics Jatabase Management Facility

Dotes 61/10/75

This MTB8 proposes an overall Jdesign z=pprosch for 3 datalase
management facility Tfor Multicse The proposals set forth nare
shaltl be rnz topic of & Review Meeting 1o De hela at Campriags
(CISL) during the week of Feoruary 10, 1375 4dny gqusstions o-
comments can be 3ent to me via Multics mail (Friesen Multics).



Mulfics Jataoase Maenager Preliminsry Program Specifications

i. Introgucztion

Thss uscum=nt prouposss an overall aesign  for the Mulrtics
UaTabase Manager (D8M)e 1t aiscusses The philosopny of the 03M,
presents & aescriotion of the ssftware includea a3 part cof th=
system "ana  32fs  fortn Jesidn 30als, It i35 intended rthat this
draft will oe consiaerea a focal point for discussion of possiole
rovisions or enhancements to tne J3My, out of which alll  emzrge
ine final program specaficstions.

1.1 Purpose

Thne Multics UBM shall pe Jesigned
-to provide tne user with a logical {rather rhan
physical) view of the Jatavase.

«t0o allow dynamic reordanization of tns Jaracase waith
as little effect a5 possiole on the spplicartions
JUsiny The Jdatabase.

-to provide the user with simole, versatile ana secure
acieess to the database.

-to allow definition ot the Qatasase dy means ot a
Dates Jescraption Language (D3L).

-to aliow manipulation of the Qata witnin The Jartseoase
ny means ot a Dara Manipulartion Lanygusge (UML) .

-To provide In2 user With some means of recovery anid
r-start,

-to provide the user witn the sdvantages of "I=0-3
II-like capapilitiese"

Tne purpose of tne Multfics 0O8BM 1S TOo provide an integratec
st of tunctions To suppurt the Jescruiption and processing  of
lurge aateoases for the DbDusiness, academic and governmental
coemmunilicess

1.2 Souttwe~s Qezign Philosopnhy

Several facrors nave influenced the overall design onilasophy
ot fhe propossad UdM. The following factors are of special
Seditecances

senvi~onmant
The 0BM shall operiat= as a Multics
sd0systam  uSing fthne Multics file system fc
sdvantagye ana shail be written in the PL/1
programming fanguaje. This will provide
gase of grogram mailntenance as  well as
consistency With crner dultics software.
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=jlanguaye interfaces

Raftner than extend the s3yntax of any nhost
language, the JML witl e JesilynecQ to
interface wWith its hest languayge via The
CALL statement. This will provide 3
relatively simplz inferface mechanism ang
awoid tne proolem of  moaufying the nost
language. Initrally  ftnis interface will
pe providaed for PL/1ly Dut i could ecasily
De exXtended to incluue FORTRAN and COS0L.

=gimidarity to I=J=5 11

A prime consideration 13 to offer the user

*J-u=S5 lLI-lixe capaorlitiese" Thisz has
vean interpratel in 8 genceral sense. Tne
user wWill pe proviugad with ths gencrasl

functionality of I=D=3 II wnich includzs
tnose functions "rejuireyd IC suppor!?  fhe
descriptions manitpulationy restructuring,
FEeCOVEryYy 3eCurily, ana analysis of & J3Ts
base.” (I=0=0_ 11 cps, De vl e
Specitically, the datacase on wnicin the 08
agperates snall be capacls of suppcrting
singulary nierarchical an2 network 2data
structures, :

~gata independence

~databsse

~reCoverly

~

Data independance i3 & Key oblective of the
JeMe. Consequentliys the concept:z of schema
and sus-scnemas have been utrilized, Also
contribufing fo datas independencz (3 the
use of context varianles to refercnce date
<lements logically from within the ML,

gcr3anization

fne UBM shaell Ce Jaesignaia 30 tnat
reorganization of The Jaltavaseliecey
reclustering)y as wWell as restructuring of
rne  Jdafa shalt not e a custly and time
CON3IUMING Processs Furtharmor~e, Jatavass
reorganization shall have & minimal effzact
on dJser application prodrams which uSs the
datatase.

Jatavase recovery anid Jdataoasse integrity
are TwWwo mare Key onjectives of the O83H,.

Consequentlyy Tne DsM shall includs
provisions fur manually “cleanpointing'™ the
Qatalbasc., This will sllow for ‘“ciecan®
Jarapase SdMp 3 To tape and  prov:ede

as3urance that tn: (nteyriry of & datapnase
13 ot impaired during recovery ot tne
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163 MNHultics and i=0=-5 11

The amplemantation of I=-0=-5 11 on tThe Multics syatem hao
besn  consitdered To be & Jesirsble objective. This would seem TG
e Trde onty if I-0-3 II is detined in the most gereral of ferms.

Some i=0=5 II fearudres se=m o pe ar wvariance wWith the

philosvophy of Multics operating procedures.

=2hains
ine concept of "chaining™ records frogether forces a
consicar~aple degree of "nara to  change”™ structure onto a
Jatabaies For instangzy it is quite dufficyult [n I=D=5 11
to declare an existing record type to De & new memober of an
EXi3Ting 3t Tne imposition c¢f this sort ¢f permanant
exterr.al structure 3eems o run counter to  yeneral Multics
pnilosophys In Multics the actual pinding (ie2ey
structuringd of data 1s usually concelived of as & Jdynamic,
~ather than & atatics DpProc=2ss. The ™oinding™ of dots

chzments is usually postponed until the last possicle momant
{al exeCJdiibn Timey fOr 2xampléle A4amitiedly Qata elzacnTte
ifn o Zatubase must e Structur2ad T0 < hizhe~ Jegrze Tnan
Nnon=adetabase clemz=nts cecause of tne Nnecessity, Asthi~ &
Jatabasey Tto carry silong (or “rememoer®™) relationcshipse
Nevertneless, it .eems advisable to allow such relstionships
TO D& 35 JyNaEmic &3 possibles

The "“:haining™ of records slso =2nds to lase much of

= dsctdlness as the chain pointers -become more
snterpretives Thut isy the most effjillent ¢chain pojnters
ale those which are ndardware criented, But it Is nor

realistic fto think in  ferms of hardware orgsented chiainsg
WitThin the framework of the Multics virtual memory System or
the Multics file LystTeme

Lonsequ=zntly, the untire concept ot “chainea " records
seems ty e of oaly baimited wvalue with reference tc  the
Muitices opersting environment, ‘

“Arcas
fne concept of "area" 4, as used by l-=uU=>S II, scems well
suiteu Tto I=d=S where (f is necessary To "reserve" s numoser
of file pajes prior to usayge because the CALCing algorithm
153 depengent upon the toral number of file pages assigned to
the fils (or  3rcas or Jatabase). The concept is also =3
“ratursl'™ for G008 users wnNo nave become accustomed To rhink
10 terns of reserving tile space betore actuslly uzirng tne
tilee :
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The “area' concepty howevery, seems alien to the
philosophy ot Multics wherein "file space'™ {cor virtual
memory) is allocatea and used 33 needelds

There are sume inherant shortcomings in I=0=-5 II which ouyghr
tc be avoided if af all possidle,. Tnese aisaavantages are
essentiaslly the same as those listed in I3M's critique of 0375 in
the “Position Paper Presented to the LUUASYL Programming Language
Committee" dated Mays 1971, - They may De groudped under Tthres
genzral headinias . of dara independencey Jalalade Fecrganizatiof
and OML compleXitye.

-0ata independance

The regquired areas of correlation betw2en the usser®s DML ang
the schema UL are ndmerdus. For exampley, the format of a
FIND statement i3 dependent on the location modzs with which
the sodght=sfte~ recorad was originally. stored on tha
database. such 8 Cclose a3S2Ccilation petween Q0L ana OML
means tnat database recordganization will more than birksly
impact user application programse. This 1s an unattracrive
implication. The infer=-raistionship vetaween UML ana SCneMa
ODL coatfrioutes foward a tandeniy 1O restrain the natural
evelution of tne Jdatabase structure.

~Jatacase Reoryganization
Ine res~ganization of an I=0-5 Jatapase generally 3strikes
fear in tne heart of & user.s Not only is the process costly
and tim2 consumMing, dut it may alsu sericusly affect various
User programss Nonethelzs3sy 1t is only reasonsole to expect
fhe type of demands maae upon a Jatapase to Cnange Aas rime
D3ISSeSe As these chanyes 12welop,y, the database wall unzergo
some ftransformation in app=arance, It the transformations
are such as were not allowea for auring the dnitial I=-J=>
Jartabase Jesign periods then reorganization, rejardtess of
costs becomes & necessity. If insTances of 13Ta0ase
reorganization are necessary,y they cuyght gt leas?t 1o be made
as painless as possidles

=0ML Complexity
The complexity of the I=0-5 II DML is immediaTely ooviuus to
aNyone Whs cares To examine the languade syntax and rulzses
Such complexity is pardonsole 1f the advantagas gawnea
fThereoy are sufficient to cffset  the ass0Ciateq
Jdisadvantages. It scems, however, that the only resl
advantage jained py this approacn i3 thart user zpplication
prograns are allowed 0 capitalize on their rkrnowledge o5f
physical storage laiosyncracies {such as wWhether & recoruy
Nads stored wia the SALGC locaftion mole)le On the ctne2r hand,
the asisadvantages of such a complex OML include thne lois of
spome data independence, an increase AN L0313 ot Jzbugiing
angd smplementing user application programs and 3 forced
commirmant on fhe part of the dJdser I'c oe contant with &
refatively startic ana unchanging Jdatabase structursz,.
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Attempts shoulad pe made to vvercome fhase obvious

JiS5aavantages  of the I=0-S approachy while at the same time

aveiding tTh2 inftroductioen of athar more 32rious shorfcomings,

2 uosM Ooz”éftﬂg cnvironment

Tne Multics UBM i> to run as a Multics subsystzm and will

Us€ fhe

standard Mualtics file sysTem. All dataset 170 will pe

performed by the vtile_ I/70 module.

K Ualanase Management LSystem
The UbBM will consist ot essentially three Jdistinct partsi

-those modules concerned with schema aefiritior ana
2FPOCE55iNGe

-those modules concerned wWith suo=-schema aefinition
3713 pProcessinge

~those modulces concerned wiefth ruUN=Time processiny  and
dats manipulation.

Aauiticnally ther=z wilit exist utility programs of va~ious typss.

A
Mulric
Je si9gn

e8]

BM activity will unvolve inTeralfion oseftween *the
“2y3ta=Mm &74 User pPrograms.

W

sojeCtivass

*The 03M shall pbe aesigned to alloca rhe user a3as  much
dats independence as possiole,

=Jatabase reorganization shalil be 3 function ot &
YJatabaze administrator' and shall not affect udser
application programs.

sData redundancy 3halld be kept 1o a minimumy Ceing
~eguired only fto a wery limiteld extent by Ths
tntity_keys {(Jdefined velonw).

-The JALL 1nterface for the OML wiill make the 23M
"un~r1me rodtines casily avaitlable to proyrams writter
in lanjuajezs other than PL/71.

3¢l UGatacaeses Structure

Theo
in Inirg
arttridules
Uni Que

red Jataovasze will consist of a set ot relations {(files)
wormal Furm as defined by e Fo Godds The only non=3Jdata

containea within the data_relations shall pe fthe

Jdentifier jensrated by tne UBM for inrter-fiie linkag=
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pPUrposes within the Multics fila systeme All files cre
the DBM shall b2 Zrcaled oy tha Multics file system. Hence
will be Bi-tree tiles a5 defined by D Knutn,

3.2 Fuile Hanaling Procedures
sefinitionsi
File i3 a Multics Indexed S2guzntial File.

Relation is & «coliection of entitizss,. It can b«
visualized a5 a two=dimensional taule wherein the
entitiscs are the horizontal rowWws. Eazh rzilat.orn i3 3
Multics ftiles

satity is a collection of utfribute=valie paur:
established ut schema aefinition time,

Attripute is analoygous to “fiecla name™ ong may oo
visualized &3 the columns of o relationy cstaolisned
at schama Jefinition times C

lalng 45 d QUantity associated with each occurrence ot
an atftrioute,

tatily Key is the logical attrioute (or collection of
sttributes) which uniguely asfines each entity.

talry path is & linkage petween the entitiz=sz of two
~elarianse A one~way enfry_path sllows passage from
in 2ntity in gata_relation-4 10 an a330Cialwy enfity
in 33ta_reilartion=d. A tac=Wway ‘entry_osatlh a1l Ons
passage as well from the entity in Jata_relaticn=3 to
The associaTed entify in data_relation=h.

Regord refers fo the suu=schama definiticn of ore or
nore  entities, It is the logicisl representation -f a
group ot attrioutes as s<2en oy the J43er applizatiorn
Proyrams

Fiegld refers to the sJp=schems Jdefinittion of ai
attrioute, It is fne logical representation of  an
atfribure as seen Dy the user application projrams

As a gznheral rule there wWwill exist
~one Muttics file for eascn normaliz=d relaticne. Tnis
fite snalil contain all thz atftribute values of eazh

antity in The specified relatiune Each entity shall
2 a Jogical record within tne Muitics files Eacn
2ntity shall contaln ong {cr  a rumper at)
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attributels) constituting an zatity_keys The
cntity_rey shall pe visipdle to tne wuser only 1t it nas
seaen =sxplicitly aefinead Dby The USer. Zach user
visipolse entity rz2y shall proviasge the wuser with &
“nandle™ for that <enfifys Escnh  enfity shall also
contain one attrioute (invisible to the user) wntitlea
3 unique_ia. For tnoss enfities wWitnout a uJser
Visible entity_key, The unigue_id attriourte shall olay
tne role of an entity_key recognizable as such by thes
CBM. Tne wuniqgue_id  snall contain & unigue bIT

~epressntation (generated by the DM} which will serve

55 & sysfam itdentifaication tay for cacn entity.

For example, a name_addrass entity with an entity_key
of person_naimne might be representel a5 follonwss

sTtributest person_name str_addr cify 3% unigue_id
=ntitys Smith Joan 101 Elm Ajgc Az (1)

Aanerce f(t) i35 a unigue function of t and
T represents the time of entity creation.

This relation shall be termed a data_relation,
Properties of daTa_relations

<> there Will exist one data_relation for eacn
normalized relation.

<> 23ch entity within a Jdata_relation will ce
as5igned 3 unigu2_1id.

<> 2ach enftity_key witnin a dats_relarion musl e
unique within TtThat Jats_relation,

<> the dJata_relation will pe an indexed seguential
file indexed on ascending entity_keys.

¢> the only user=visinle entry points into a
Jata_relation arz2 tne entity_keys explicitly definey
a3 such at schems creation time.

<> (f a data_relation i35 nof o be enterea Jurectly
by a user (iegsy &f iT I3 Tty act a3 a seconddary
recor3~type in I=D~5 terminclogyds then tne
uniqua_i13 aftribute for eacn entuty shall alzso be
the entity_key for that e¢ntTitys 3uch & Jdata_relation
shall regudire no associated key_retatjon(defined
oelon).

<> the uentaties within a data_retat.on will contain 4
fixed numoer of attriputes (af {cesT in the initial
“implemantation).
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~une Multics file for each data_relstion containing a

dser visiple entity_keys This file shall coritain only
the unigue_id and the entity_key of the soecified
data_relations This file snali ve 'inzexed,y, in the
Yultics file systemy according to the attricute_value
2f tne unigue_ia for each entity. This provides a
system=int2rnal linkaye machanism amony the various
relationss For those dafta_relations where tne
dnigue_id ana entity_key aftriodtes; are ldentical,
tners snall ¢xist no key_retlation. .

Tnis file shall e termel a key_relationr.

Properticss of Key_relations

fhz only two attriputes of an antity within a

2y_relation will be the entity_key and its

ass3ocLiafed Uniqua_id. .

<> the key_relation will be an inldexXxed sequentiazl
file {ndexed on fne dnigque_id of fthe azsociated
entitya

<> thers well exist one mey_relation for eac
data_rslationy Wiftnh & uUSer visibie entity_keyy 15 0Oc
logyically associated Aith another Jdata_relation.
That isy if an entity within a Jdata_relaticn 15 12
be refrievad when i3 entiry_key 15 unkncocwn, then
thare must exsst a key_ra2lartion for fthat
data_relatione. :

<> there will Le o3 many entiflies within 3
key_relation &s fthere are entitias within the
ass0ciatad data_relation. ’

~-one Multics file for each one-way enifry path into a

~elation. tach of these files shall contain two
classes cof atftriputes, consisting of the unigue_id for
the source e«ntity znd a varisble numoer of UniQue_ids
for th2 ta~yget entitiese This file snall be indexed
on fthe unijue_id of rhe sources entities. In addition
to the 2ntity_key attripute, there will exist one
attrioute for each Taryget entity asscciated with the
spurce entity ligentified by the entity_key)le This
will enavble the rtreatment of hierarchical znd network
relationships petween Jdifterznt JdaTa_relaticns.

Tnis file snali oe callad a cross_relaticn.

Propzrties of cross_relations
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<> there wWwill exist one cross_relation for cach
enfry_path detwesn two Jata_relarions. For example,
if an employee asfa_relation is such that it will
always b2 entered from a Jgepartment Jata_relation
and tne department Jdata_relation will never be
entered from the employee dJats_relation (eedsy giver
an employ2<®s namesy there will never be an attsmot
to retrieve that cmpioyec®s department namel, then
W2 may Say there exists a ona=way entry_pafh betueen
the :mployea and Jepartment aata_relations.

there will exist as many entitizs 160 3
oss_relation as the number of entifies in the
soCiatea suurce Jata_relation.

<>

%
Y

<> azch entifty within a cross_relation will consist
of two classes of attriputes, as foliowss

#1thne unique_id of the entity in fne source
data_relation shalil constitute the indexed
sagquential kKey (cr jndex)

8the un.Jue_ids of fthose entities in the target
data_rclation snall constitute the non=prime
{iecey non entity_key) atlrioutes fo~ each
cross_relation 2ntitye Thnere will exist 33 many
target unique_iad atrribufes as there are enftirties
a330Ciuted with the specifiad entity in the
source agata_retation. I[f the scurce
gata_ra2lation has no user visitble entity_keys,
tnen fhe farjefr unigue_ia will alsoc ve an
entity_hey value.

Note that it i3 possible from tne user®s point of vizw,
tor all wAatities within & Jgiven Jats_relartion to pve associated
WiTh TWS or mors inter~-dependent entity_keys from other
data_relationss Tnis is rougnly analcgous to the concept of 3
secondary detftail record witn two master recora=-types in I-D-S.
Of course there is no neea for thz user application projram 1o
ce cognizant of the aifferent Jata_relarions == fthat i3 the
proper cuncern of the database administrator., Neverthelessy, an
example of the zoove mentioned condition would pe an entifty
wnicn inglcates the guantity ot different purts commiffted to
VArLous rojJectse. (This corresponds to a swecondary recora with
1wo masters of gifferent record=types, in I=-0=3 Jaryon.) Since
L4Ccn an entity woulu possess no entity_key visiole to or
knowaule Dy the user, Its index k2ay wWwould te ygenerated by the
UM as a uniqQue stringe.
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343 Schema Proczcessor

Ihe schemos itself shail Jdescmipe 4 dJatabazse physicaily
atranged in a relational (i.esy taobular) mannzr., Tne e33enfial
functions performed Dy The Schema processor will pbe twos

=1t Will cr2atey modify ang delefte all files
necessary to represent the Jars as definedad oy
decliarations within the Schema Prccessc™.

=it will store information aoout ths 3chems
sfructure, to be used later dby the Sduo-schems
Proc=zssors

The specific functions performed by fthe Schema Processor
snall pe tod .

~craate a directory file la2ntifylnyg the datasvase
WiTh 3 ygiven schema name. Wnen suob=~s3cnemas are
suosequently created, their names 3nall De recurdsd
in tnis Jdircctory.

=mainrain a tist of all atrfripures and entity_key:
along with tne (Multics) file names of the
Jata_relations in which they participate. The
physical characteristics of <ach aftiribuUte (€.ge,
3i2&y typey etce) shall be aescribed a5 a part of
this lists The locks to De a33igned to each
attrioute shall alsc p2 4 part of this tist.

=maintaln & tist of all data_relarion names slong
Wilth TtThe attripdresy locks and entity_keys
4330Ciated wWwith each of them. '

sm3intain a last Oof all the ecntify_paths existirg
among all Jdata_relations. An indicatica wherTher i
data_relarion is depandent upon another
data_relarion will 3sppear i1n this list,. {(When an
entily (3 added To or Jdeleted from s agependent
data_relationy tnen the cross_relation files oetween
the assoc.iated Jdata_relations must oe updateds
Othe~wisey the cruss_relation files would oe updated
onty 1f tThe associafted data_relations were
refe~enced by the sSub=schema in use).,

A SIZEma may be &5 complax or as simple a3 desircue.e UCare
fnoulad pe fTakeny Nowever, ¢ insure that 1t i3 normalized.
tisey consideravie inefficiencies could pe introauced inte 3
Juse~ application program which attempts to modify dataese To
d~an a rough analogy with I=-D=Sy normalization of a relaticnal
database might 2e comparea to Jdefining a lJatabase in fterms of
data structure diagramse.
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3.4 Sup-3chems ProZessor

The Sub=scnema 3hall provide the user apolication program
With ito view of & database. It shail oe a suoset of o schemae
The user spplication program snhall pe alloWed tOo access more
than une Sub=3chema and/or SCREMAE S

In inferfacing with The schema, The HuUo=schemsa Processor
reed only be aware 2f fhe name of ftne schama{iscesy the
dut3pas<) snd tha names of fthose afrfributes {(and entity_keys)
with which this sub=scnhema 15 concerned. In general it shall
L= unnecessary for thns user of the Suo-;chemu Processor to oe
concerned with the names of the data_relations , Key_relations
o~ cross_ra2laftionse A 3Jeneral knowleage of the logical
relationsnips amony the :tfricutes will ususlly sutfice. Tne
5ub=s3chema Processor wiil upaate the tist of suo=3chema names
asauCiated with this schema.

4 3Sub-schema UDL shall oe defin2dy initially, tor the PL/1
programming languagea.

Specific tunctions performed by tha Suo=schema Processor
snall include the followingsd

-the a330Ciated schema airectory file shall o=
updatad fo contain the entry name of the specifi=3
SUD=sChema .

-3 list snall te maintained anich shall assoclate all
the logical Jatapase ra2cords Jetinea in the
sub=schems with tne specified entities Jefinea by
the Schema Prccessor (there need not 02 a on2=to=one
correspondence)s A Hist of sup=3chema specified
lcchs shall also be maintainesd.

-3 1157 snall be maintained whicn associates field
names aef.nea in the supb=-scnema wifth specified
attrioute names previously aefin2s in the schema.
This 1ist shall alsc contain a descraption of the
physical characteristics of each fizlu defined Ly
fhe 3UD=SChema. These characteristics may differ
from the characteristics of the corresponding

attrioute Jdefined In the schemas The DBM will make
the neceSsely Jdata conversicins aft run=time. A list
ot 1JCKs 13 Ve applied against each tield snall 3150

be MuiNTaineds

»3 report showinyg any lnconsistencies {such a3
missing entity_key definitions within tne
sUd=.chema) will pe Jenerateds Also, if an entity
is referencea oy fhe suo=schema whicn is aependent
to an entity in anotner Jdata_relaTion, then whencver
a dependent entity iIs sdded rto or deleted from the
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Jatavasey a "hidien" cross_retlation ftile must e
-updateds All possibilities of such "nivden”™ side
effects shall be repcrted out,.

3¢5 Jata Manipdlation

The JHL shail be implemented throudh the use cf CALL
statements.s The following functions will be supported:

-0OPEN
mak2 & sub-schema available for upiate or
retrievail-only (all neceszsary files, such a3

Jata_relations, key_relafiuns and cross_relatiocns,
snall pe aTtached any opened by the DBM run-tima
roufines == provided the user nas access to all the
tiles)s

~5T0Rc :
a ngA record with il its fielics {(which may one null
valued) will be placed on fhe Jdatavase == the uscr
must provide a non=null entity_key and its wvalue
a3 wWell a3 the fiz2la names and values to ce
as330Ciated aith the specified record,

~FIND
retrieve a specified recori and ifs asscciated
fiela values as defined oy Tha sub-schema.

-MOOIFY
modify a specifiea recora or fiela value(s) to
equal a given set of values.

=DelcTe
remove from the Jdatapase a spz2cified recori or
field value(s) satisfying a given s2t cof
conditionsi also remowe oll relevant linkages.,

~CLcANPOINT
fthe segments wilhin The 3ub=3chema which have GCeen
dltered since the last JLEANPOINT command was
is3sued shall pbe mage =21igiple to be dumped to tape
Wwith tne Multics Backup facility,

~-LL0SE ,
tne sub=-schema s3hall be relesases from the uzer
application program (all associated tiles snall pe
closzed and uetach=43).

Additional functionality, such a3 alyeoraic cperaTions,
may be aqaed at a later Times Howevary it may pe& zdvisaole for
sucn capodiltirtias to ve provided by separite
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eng=user~facititiesy rather rnan through PL/ 1. A primary
feature of thne OML snall be that all raferences to attributes
Wwill be on the logical levels The user nz2ed know little acout
Tne physical organization of the Jatabase. All references to
1ata wili o2 th~ouygh the ficll names as definzga by the user®s
suD=~schemss The coacept of "“current logical record®™ shaii ve
implementedse It shalil refer to tne last logical recora of wacn
Type (as defineld in the sub-scnem3) to have been operated on oy
a SIURE o~ FIND funcrion. Th2se recordss however, shall not be
explicitly referred 1o as “current” recordse. They shall te
ret~ieved oy 4s2 of tne FINO function with an argument to
indicate *firsty™ *next® or *ail® records satisfying some
CoNALTione

3.6 uperastional Considerations

~RecoverysIntegrity
A means ot insuring Jatabase integrity shall

sn e€s3=ntial part of the system.s The 0BM shall
kz carc to upaate all linkajes whenever a dJdatum
15 modifiecd Ly s user application program. It
Jesi~edy "oefore™ and/or "sfter” images of all
altered zegments could ce Journalized by being
writfen 1o auxiliary files 3and Jdumped to tape
pariodically using the Multics SACKUP facility.
Tne ave~nead for such protsction may be highe It
45 NOT clear at tnis Time how much should de
provided in this areia.

O
T
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Anotnar possibility i3 thar all updates be
Wwritten to a reserves area ovefore actually oeing
"postea™ 10 the databases Adaing tne overnead
price for such a procedure would be consideratble,

Long term racovery proceldure:s must also te
orovided for those instances whzn part of The
database 43 inadvertantly Jdestroyede. The Dackup
Tapes can be us=23 fo Oring such a Jdestroyesd
Jatapase odack up 19 its current state of intTegrifty.
Tnis reguiresy howevery, that the backup tapes
contain “clean' Jdatza. This pecom2s especially
relevant when desaling with multi=segment files,
since ObM linkagjes in one segment may reflect a
Jafferent state than those in another segment. To
this endy the U3M must estavlisn some intelligent
communication intertace witn the BAUKUP facilaity (if
it i35 to be useld to advantage., User=initiarted
GLEANPOINTS will contribute towuard such & goale s
Wwillt UdM initiated CLEANPOINT3e Thne DM will Jdump
Jypdated segments only after it nas assured itself
that all segments Tu bz Jdumped are in 3 CLEANPUINT
state.
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~Privacyfiecurity
Tne UBM shall rely orimarily on Access GControl
Lists to insure privacy o6 fhe 3chefiay SUb=3Chems
ana relation levels, Tnis shall tall under the
responsioitlity of tha Datadas2 Aaministrator.
Provisions will ve made To provide the tuture
capzpilify to LIGK and UNLOCK items at the
arttribute lewvel.

~goncurrent Updaara

Concurrent update of o sub-schzma shsil not pe
protected. This teature may Ge providea in tne
futurez.

G JadM support Scftaars

The support sottware to b2 prowvided shall include
Jribitivse to toad, mecover uanid anclyze & datavase a. well a3 ar
end~user-facilitye.

4ol Lowdu and Unload Utitity

The Load Utility, written in PL/1, 3shall De 323igned 1o
Frun ds an absenteée proCess, wnicn will accept parameters
dafining the ran Jata to pe 103deid. The Lozad Utility will
JeNsrate ol necesssry unogue_1as and wall 1oad all relevant
linkage files {wnich will previocusly have teen created Dy tha
Schema Processorl)ls The satabase rzferenced by the Losd Utility
snall pDe that dataoase defined by th 3chema {rather than =
sup=schemasle The Load Jtility shall riormally e tne
responsicility of the Jdatabase adainistrator.

ine Jnioaa JUtility shall bDe Jesiygned 1o Jump 19 Tace ail
0~ selected vortions ot a gatabasey inclulding ol ~=lzvant
SY3Tem Jdata suUcCh a5 pointers and Jdirectories.

4e2 Recovely Utility

Tne Recovery UTility shall inferface witn The Mulf.cs
BALKUP facality fo provide for "clean™ Jatabase recovely. The
relovery 3nall 02 as adtumartic a3 possibl 2.

4e3 Anaiysis Jrility

A Uridity To analyee the Size of dats_relations,
kzy_retlations and cross_relarions snall be provided. Tne
Analysis Utility shall also serve as a3 verification aiil in
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determining the exisfence, or lack thereof, of linkaycs betdeen
the entities of various aata_relations.
G4el4 EnId=Jdser=Facitity

Some type of end~user=facility shail be proviacy a7 some
times This facility snall include butr not oe limited to fhe

tollowing CapabiliTicsi

=8oulean refrievals

=sortfting
ccreation ot ajyregata datasets

=~2port genzration

G4aeb Instrunentatioan

Some provision should ve mide for messuring DB8M performance.
Sum: oovious areas to cxamine woull be The fime requirsd 1o
perform overnead laoory such as pointer updating,y the time
reguirea fo retfrizve cntities participaring in different
sfructures snad the time required to respons to a request in an
interactive environment.



