Mulrics Technhical BuileTin ' MTE=147

Ted glstricution
From? U~1i5 Friz=sen
Sublect? Multics Ustabase Management Facility

Dates Girs1077>

ihis MTB8 proposes an gverall Jdesiygn zpproscn for 3  dJaTvTacas
management facility TfTor Multicse The proposals ser forth nhar
shall be rnz topic of & Review Meeting to pe hela at Campbriayg
(CISL) guring fthe week of F2oruary 10, 1375+ Any gqusestions o
comments can be sent o me via Multics mail (Friesen Multics).
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Multics Jatanase Manager Preliminary Program Specifications

1. Introguction

This aocumMznt provposss an gverall Jesign  for the Multics
Uatapase Manager (D8M)e 1t Jiscusses the philosophy of the O3M,
presents a aescriotion of the software includea a3 part cof the
systam "ana  s32f0s  forth Jesiygn joals. It is5 intended that this
arafft will pe Consiagereyd a focal point for discussion ot possiole
revisions ¢r enhancements to the Jd3My out of which awjilld emsr ge
ine final program specifications.

1.1 Purpossz

Tne Multics UBH shall pe Jdesigned
=10 provide ne user with a icgical {rather than
physical) view of the Jatavase.
=10 allow dynamic reordanization of the Jatacase with
as litrle effect a5 possible on the applications
usinyg The datatase.
-t0 provide the uJuser wWith simoley versatile anag segure
aceess O The Jdafabases
-to allow Jdefinition of the datasase dy means of a
Dats descruiption Language (0JL).
cto allow manipulartion of the Jats witnin the darsoszss:
Dy means ot a 0arta Manipulartion Languzge (UML) .
=To provide fne2 User With some means Jf recovery ani
r-starts.
=16 provide the user witn the sdvantages ¢t "I«0-3
II-like capabilities."™
The purpose of tne Multics O
sct of tunctions To suppurt the J
large aataeoases for the busine
communiticse

BM 1s 10 provide an integratss
scrhiption  and  processing  of
5

e
53y alademisc and governmental

1.2 Suttwe~e De3ign Phalosophy

Several facrors have inftluenced the overall Jesign pnitlosophy
of the propossd UdM. The folilowing f§factors are of special
Sedntiecances v

=envi~onmant
The UM shall operiat= as a Multics
sdD3sYystam  Jusing fThe Mubtics file system ftc
advantaye ana shall be written in the PL/1
programming languaje. This will provide
g2ase of program malntenance as well as
consistency #ith crner Multics softwarc.
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= languaye interfaces

Ratner ftnan extend the syntax of any host
langyuags, the UML  witl e Jeslgynca to
interface wWith its hest languaye via The
CALL statement. This Wil provide 3
relatively "simple interface mechanism ang
avoid the proolem of  moaifying the nost
language. Initially this interface will
pe provided for PL/L, But i could easily
e extended to incluuye FORTRAN and COS8O0L.

~gimidarity to I=J-5 II

A prime consideration 15 o offer the user
“I-J=S 1I=-lirke capaoilitics." Thiz has
pean inferprated in a general scnie. The
user will pe proviaad with Tths generasl
functionality of I=D=3> II wnich incluadzs
tnose functions "reJguired e support  fthe
descriptrions manipulationy restructuring,
FreCoVeEryy 3eCdrilfy, ana analysis of & JatTs

pase.” (I=0=n 1l Lps, De vl
-Specitically,y, the datavase on aniin the 080
gperates snall be capacle of SuppcrTing
singulary nierarchical and network Jdata

structures,

~3data independence

~Jatadase

~FeCQOvVely

~

Dafta independance i3 & Key oblective of the
JeMe Consequently, the concept:z ot  schemas
and sus=i3cnemas have deen utilized. Also
contribdfing fto datas independence [ the
Judse of context varianles t0 refercence data
<lements logically from within tne ML,

gorjanization

Ine UBM shall Cce Jesignzl 30 that
rzorganizat.on of The Jatavaseliecey
reclustering)y a3 well as restructuring of
fhe dafa snall not Dpe & custTly and time
CON3ZUMING $rocess, Furtharmorc, Jatavasc
rsorganization shall have & minimal effzct
on Jser application programs which uses fthe
datatbase.

Uatavase recovery and Jdatasosse tntegrity
alfe TwWo more Key opjectives of the 0O3HM.

Consequentliyy Tne DsM shall includs
provisions fur manually “cleanpointing™ the
Qaltapase, This will asliow for ‘“ciean®
Jarapase ddmio 3 To tape ana provy de

assurance that tnhs inteyrity of & Jdatapaze
13 ot impaired during recovery ot tne
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1.3 HNHultics and i=0=-5 II

The amplemzntation of I=-0=-5 11 on The Multics system hso
ez considered 0 D¢ & JdJesiradle objective. This woutd seem to
e Trde onity (f I-0-3 1I 45 detined in the most Jereral of terms.

Svme i=0=5 II fearures se=m o De arf wvariance wWith the
phitasophy of Mulrics operating procedures,

=Zhzins
lne concept of "cnaining®™ records fogerther forces a
conssuz~able degree ¢f "™hara to change™ structur: onto a4
datacaies For dnstancey 1T iS5 guite dufficylt (rn I=0=-5 LI
to geclare an existing record type to be a new member of an
eX15Ting - 3efe The imposition cf this sort ¢f permanent
exterr.al strdcturse 3eems o run counter to  general Multics
philosophye In Multics the dctual cinding (le24y
structuring) of data is usually conceived of 335 & Jdynamic,
~rather than & atatics Droc=2ss. The ™oinding™ of dats

claments is usually postponed until the l1ast possicle momant
(ol oXxeCutitn timey fOor =2xamplsle Adamitredly Qata elzment:
i o« Zatabass must e Structurzea T2 < hizhe~ Jegreze Tnan
non=Jdatabase <clements cecause 21 tne necessityy, withi~ 2
Jatabasey to carry along (or “rememoer™) relatsonshipse
Nevertneless, it .eems advisable to allow such relstionsnip:s
To De 35 JIYNamic a3 possibles

The ":haininag®™ of records zlso tends to lase wmuch  of

P Jsctdlness as the Zhain pointers -become inore
snterpretive, That isy the most efficient chain pojnters
alr e those wahicnh are ndardware crientaed, But it Is nor

reslistic to ‘think in ferms of hardware oriznted chains
Within the framendurk of th2 Multics virtual memory system or
the Multics title LysTem.

Lonsegquzntly, the entire concept ot "“chainea " records
seems to oe ot oaly lamited wvalue with reterence to The
Multics operating environment. '

“Ar<as
[ne concept of "area'™ 4 as used by [=u0=S II, scems well
suiteu to I-uU=S where It is necessary fTo "reserve" s numoer
of tile pajes prior to usayge because the  CALCing algorithm
i3 degenagent upon the toral number of file pages assigned to
tha file (or  3rca or  Jatabase). The concept is also =
“notural" for G008 users wno nave pecome accustomed o think
10 terns of reserving tile spece betore actuslly wuiirg 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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Atrtempts should ope malde to uvercome fhese obvious
a.5advantages of the I=0=-S5S approachy while at the s3ame time
aveiding ths untroductien of othar more sz2ri04us shorftcomings.

-

O

2e UM Opr~ating cnvironment

Tn: Multics UBM > to run as a Multics subsystzm and will
Uuse Ithe wtandard Multics file sysrem, Al} gataset 170 will pe
performed by the vtile_ 170 module,

3¢ Uatzvase Management System
The UBM will consist ot essentially fthree dgistinct parts:
-those modules concerned with schema aefirnirtiorn ana
2roCce3Ling.

=those modules concerned witn sup=-schema definition
373 ProcesSsinge

~those modulces concerned with run=Time processinyg and
date manipulations

Aculticnaliy therz wilt exist yutility programs of va~iocus typ=3.

Al udM actiwvity will unvolve (nteraction oetween the
Mulrics falz zystzm anu Uuser programse.

Jesign objectivess

*The 03M shnaull pbe aesigned to alloca the user as  much
data independence as possiole.

=Jatabase reorganization shall be a3 function ot s
"Iatabasze administrator'™ and shall not affect user
application programs.

-Data redundancy 3hall be keapt 1o a minimumy Ceing
~equired only to a wery limitea extent by Ths
zntity_keys {(Jdeftined velow).

-The CALL i1nterftace for the OML will make the J3M
*un-rime rodtines ¢usily avatlable to proygrams wrifter
in langjdagj=zs other than PL/71.

3.1 Uatacaese Structure

ITne raen Jatsvasze will consist of a set ot relations {files)
in Iniryg wormal Form a5 defined by e Fo Godde The onily non=Jatas
attributes contalnea within fthe data_relations shall pe th=z
Unigue wdentifier jensrated by tne UBM for i(ntrer=file linkags
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puUrposes within the Multics file systeme all files cre
the D8M Shell 02 Zreated Dy tha Multics flle system, Hance
vill e Bi=~tree firies os defined by D. Knutn,

3.2 File Hanaling Procedures
Jefinitionss?
File i3 a Multics Indexea Saquantial File.

Relation is & coliection of entiticse. It can b=
disualized a5 a two=-dimensional tsule whereirn the
entitiss are the horjizontal rowWs. Eazh rzlation 13 a3
Muitics files

satity is a collection of  uttribute-valuse pasr:
established ot schema asefinition time,

Artripute i35 analoyous to "tielyd name"™ onag may oe
visualized &5 Tthe coltumns of o relationy citaclisned
at sChzma Jefinition time. :

lalng 45 d Quantity associated with each occurrence ot
an attrioute.

catity Key is rthe iogical artrioute (or collection of
sttributes) which uniguely aefinegs each entity.

zalry _path is & Iinkage petween the enftities of two
~&latlanse A One=way entry_path allows paszaze from
3n antity in uata_relation-4 t0 an a330Cial=zyd entTitly
in 33ta_relation=3. A two=aAay ‘entry_odath sl oWs
psssage as well from the entity in 2atfea_rezlaticn=3 to
The associaTed entity in data_relation=Ah.

Regord refers fo the sdyu=schama definiticon of ore or
nores entities. It is the logicil representation 2t a
group of atrrioutes as s2en oy the2 Js3er awuplization
PrQyrame

Field refers toc fthe sJ4p=-schems dJdefinstion  of ah

attrioutes 1T is ftne logical representation of an
attribute as seen Dy the user application projranm.

As 38 3zneral rule there will exist

1

one Multics file for escn normalliz<d relafticne Tnis
file snaill contain all thz attribute wvalues of each
antity in the specified relations Eacnh entity shall
28 & Jogical record wWithin tne Mulitics files zach
antity shall contrailn one {or a rumper ot)
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attriputels) constituting an zatity_hkey. The
sntity_#Key 3haill be visidle to tne user only 1f it has
nean e2xplicitly aefined Dby the uUser. Zach user
visipile entity nrz2y shall provide the user with a
"nandiz"™ for that enfity, Escn entity shall 3ls30
curnitain one attribute (invisible to the user) entitlen
3 UnigQue_ia. For thoss enfities witnout a user
VisSible entlity_keyy the unique_id attrioute shall play
tne role of an entity_key recognizaole as such by ths
CBM. Tne Jnigue_id 313l contain a3 uUnigue Dbift

~epreszntation (generated by the DM} which will serve

35 a system identification tay for sacn antity.

For exampley, a name_3ddrass entjity with an entity_key
of person_nasme might be representel a3 follionwss

atfriouTest person_name sfr_agdr city 3%t unigue_id
=nfitys Smith Joan 101 Eim  Ajc A4Z2 f(t)

anerce f(t) 135 a unigue function of t and
t represents the time of entaty creation.

This relation shall pbe termed a data_relation,
Properties o>f daTa_relations

<> there will exist one data_relation for each
normalized relation.

<> z2a3ch entity within a Jata_relation will ce
as3idned a uniqua_ide.

<> 2ach entity_key witnin a date_relation must De
unique within that Jats_relation,

<> fhe Jdatu_relation will pe 3an indexed seguential
file index2d on ascending entity_keyse.

<> the only user=visioie entry points into a
Jata_relation ar=2 ftne sntity_keys =xplicitly definea
as sdch ar schems creation time.

<> 'f a9 Jdata_relation i35 not to be enfterea directily
by a user (leesy 4f it i3 tu act a3 & secondary
record~type in I=D=3 tarminocliogy)s then tne
unique_43 atftribute for eacn enftifty shall also be
the entity_Kkey for that entTitys 3uch & data_relation
shail reguire no associated key_rzlatjon{aefined
oelow) e

<> the entaties within a data_relaTion will contain &
fixed numoer of attribures (at {cast 1A the inittial
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 wWill exist cone cross_relation for cach
entry_path petween TtWo Jata_relationse For example,
if an empliovee Jafa_relstion s such that it will
always o2 entered from a Jdepartment Jata_relation
and tne department Jdata_relation will never be
entered from the employee dJats_relfation (eedey giver
an employ=2e¢*s namey there will never be an attzmot
to refrieve that zmpioyec®s department namel, then
w2 Mmay Say there exists a ona=way entry_path detueen
the zmployea and Jdepartment aata_relations.

Nere Wwill exist as many entities 10 a

<> t
crosa_relation as the number 0f «wntities in the
as3sociatea suurce Jdata_relation.

<> zach entity within a cross_relation will consist
of two classes of attrinoputes, as foliows:

#the un,que_id of the entity in the source
data_relation shall constitute the indexed
saquential key {(cr jndex)

#the un.Jue_ids of fthose entities in the targjet
data_relation snall constitute the non=prime
(iecey non entity_key) atrrioutes for each
cross_relation 2ntity. Thnere will exist a3 many
target UniqQue_id atfributes as there are entjiries
a330Ciated mith the specifizd entity in the
source aata_relatione. It Tthe scurce
Jata_rz2lation has no user visible entity_keys,
tnen fhe ftarjef unjiguye_id will alsoc pe an
entity_hecy value.

Norte that it is possible ftrom tne user®s point of viaw,
for all catities within & given Jats_relarion to ve associated
WiTh TWS Of mors intuer=dependent entity_keys from other
Jata_relationss Tnis is rougnly analcgous to the concept of 3
secondary detail recora with twWwo master racorda=types in I=-D-S.
Jf Course there is no neea for tha2 user application projram 1o
te cognieant of the Jufferent Jata_relarions == that 13 the
pruper cuncern of the database administrator. Nevertheless, an
example of the aoova mentioned condition would pe an entity
wiiln inuicates rthe guantity ot different purts committea 1o
VArious projectse (This corresponds to a skecondary recora with
TWwo masfers of gifferent record=types, in I-J=5 jJargons) Since
Lden an entify woulu possess no entity_rxey visiole to or
knowaule Dy the user, its index k2y wWwould oe Jgenerated ty the
UdM as o unique string.
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343 Schema Prozcessar

The schema itself shall Jescm~ine & Jatabazsze phyzically
acranged in s ralational (ieesy taoular) mannzr. Thne e33antial
functions parformed by The Schema processor Wwill be twol

=1t will cr2atey modify ang delete all fifes
necessary to represent the Jdats as deflneda oy
declarations within the Schema Prccuessc™.

-3t will store information. adout The= 3chema
structureay tTo b2 used later Dy the Sdp=schems
Proczssors

The specific funcrtions performed by the Schema Prozessor
snall oe ol .

~create a directory file ia2ntlfying the datavase
WiTh 3 given scheMa nName. Wnen s3UbB=s3Ccnemas are
suRsequently createdy their names s3nall Le recorazd
in this Jdircctory.

=mainrain a list of all atftripuras and entity_key:s
along with thne (Multics) §file names of fhe
Jata_relations in Wwhich they participate. The
physical characteristics of <cach atrritute (e4Gey
5i2¢y typey ©tcCs) shall be Jescrivbed as a part of
this 1iste The locks 1o Dz as3igned to cach
attribute shall zalso p2 & part of this list.

=maisntain & tist 5f all data_relation nama23 sfong
wilh the attribdfesy 10CKS and entity_keys
as30ciated with each of them. "

~maintain a laist of 3ll the entity_paths exis3ting
among all Jata_relations. An indicaticn wherher a
data_relarion Is dep=2ndent Jdpon another
data_relartion will asppear in this tist,. (Hhen an
entily 45 added 10 or Jdeleted from a uvependent
data_rclationy then the cross_relation files petween
the assocC.ated Jdata_relations must oe updated.
Othe~wisey The Cross_r=lation files would 2e updatey
only 1f the associated data_relartions were
refe~enced by thne Sub=sChema in use).

A SZema may De as complax or as simple as desir=sue Lare
snould pe takeny howevery fC insure that Lt i3 normalized.
tlsey concideradie inefficiancies could pe introauced intc i
Jse~ application proyram which attempts to modify datse To
d~aw a rcugh analogy with I-D-S5Sy normalization of a relaticnat
database might 2e¢ comparea to defining a latabase in fTerms of
data Structure diagramse.
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3.4 Sub-s3chema Processor

The Sube-scnema shall provide the uJser apolicaticn program
with 1ts view of & Jdatabase. It shail ve a suonset of a schemae.
The uszer

spplication grogram shall pe alloned to access more
than une sub-svhema snd/or schemas.

In interfacing with The s3chera, tThe Suo=schema Processor
reed Jnily be aware 2f fthe name o0f the s3chamal{iscey the
Jdat3avase) and the names of those atftributes (and entity_keys)
Wwith which this sJb=schema 135 concerneds In 3Jeneral it shall
U= unnecessary for the user of tne Sub=-schems Processor to oe
concerneyd with the names of the data_relations 4, key_relations
o~ cross_ra2laftionss. A general knowledge Oof the l0ogical
redafionsnips among the cttriodtes will usdally suffice, The
S5ub=schema Processor wiil upgdate tnhe list of suo-3Chema names
as33uCiated Wwith this scnema.

A Sub-schema UDL shall oe defin2dy initialilyy for the PL/1L
proygramming languagea.

Specific funcrions performed by the Suo=-schema Processor
anall include the following?

~the as330ciated schema Jdirectory fils shall be
uplatad 1o contain tne entry name of the specifi-=3d
SUD=sChema.

~3 list shall e maintained wWwnich shall assocliate all
the logical Jatabase raecords Jefineua in the
sub=schema with tne specified entities sefined by
the Schema Prc¢cessor {(there need not v2 a on2=to=one
corrzsponidence)ls A Hist of sub=3chema specified
Icchs shall also be maintained,

=a 115t snhall be maintained which associates field
names aef.inea in the sdb=-s5cnhnema wWwith specifica
artrioute names previously aefine2sa In the schemas.
This 1ist snall a&alsc contain a descraption of the
physical characteristics of cach figlyu defined Ly
fhe 3UD=SChema. These characteristics may differ
from the characteristics of the corresponaing
attripute Jdefined in the schemae The DBM will make
The neleSsuly Jata CONVErs.iCchs al run=time. A 1ist
of lucKks t3 Ve applied against éach tield shall sis0
De Mmaintaineds.

=3 report showlnyg any ilnconsistencies {such as
missing entity_key definitions within the
sUd~schema) will e Jenerateds Alzs0y if an entity
ia referenceld oy fthe sudceschemi whicn is dependent
to an entity in another Jdata_relationy then whencver
a JdependenT entity is sdded to or deleted from the
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Jatavasey a "hidden®™ cross_relation file musr pe
Jupdateds ALl possibilities of such "hiuden® side
effects snhall be repcrted out,.

3¢5 Jata Manipuylation

The JML s5hall be implemented through the use cf CALL
statements,s The following functions will be supported:d

-0PEN
maka & sub-3chema available for upldate or
retrievat=only (atl necessary files, such a3
Jata_relationsy kKey_relatiuns and cross_relations,
shall de artached aniy opened by the DBM run-tima
rourines == provided rthe dJdser nas access to all rhe
files)e

-3TORe :
a Nz record with ol its fielas {(which may one nutl
valued) will be placed on The Jdatavase == the user
must provide a non=null entity_key and its wvalue
as well a5 the fi21a names and wvalues to re
as550Ciated aith the specified record,.

~FINDB
retrieve a specified record and its asscciated
fieia values as defined oy tha sub=schesma.

-MODIFY
modify a specified recora or fiela value(s) to
equal a given set of values,

-DebleTe
remove from The Jatapiase a spa2cified record or
field valtue(s) satisfying a given 3521 cf
conditionsy also remowve oll relevunt linkages,

~CLCANPOINT
the segments wiThin The 3Ub=schema wWhich have Cwuen
altered since the last CLEANPOINT command wWas
Lts3sued shall ve mage =21igible to be dumped to fape
Witnh thne Multics Backup faclilitys

-LL0OSE
the sub=schzma shall be releases from the user
application program {all assogciatad tiles snall be
closeu and uetachzd).

Additional functionalityy suUCh a5 alyeoralc cperationss
may be adlded ot a3 lafter Time. Howewvary [t may De advisaole for
such capaeoilirias top ve provided by separiate
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end~user=-facilitiesy rather tnan through PL/71, A primary
feature of the OML snadl be Tthat all r2ferences to atfrributes
will be on the loyical levels The user n=2¢d krnow little acout
Inea physical organieation of the Jdatabasese All references to
Jats will o2 fthrough the ficll) names as definea by the usar®s
sun~schemse The concept of "“current logical record" shall ce
inplementzde It shall refar to tne last logical recora of «acn
Type (a3 defuined in the sub=-schema) Yo have been operated on oy
a SIURE or FIND functione Th2ase recordss however, shall not be
explicitly referred 1o as “current"™ recoris. They shall be
ret~ieved oy 4s2 of the FINO function with an argument to
indicate *"fTirsty® *next® or *all® records satisfying some
CoNILtTions

3«6 Jpurational Considerations

~Recoverys Inteygrity
A means ot insuring Jartabase integrity shall

an €33:zntial part of the sysftems, The 0OBM shall
ke carce to upaate all linkages whensver a datum
15 moudificd vy s user application programe. It
Jesiredy, "pafore™ and/or "after"™ images of all
altered szegments could oe Journalized oy being
written 1o auxiliary files and Jdumped 10 tage
pariodically using the Multics SACKUP facility.
Tne Jve~nead for such protsction may be high. [T
L4 ROT Clear at tnis time how much should bde
provided in this area.

O
t

Yy O @

Anotnar possibiitity i3 that all updates be
Aritten to a reserve area pefore actually peing
"pesread™ 1o tne datsoases Adaing tne overncead
price for such a procedure wodld D& consideratle,

Leny t2rm racovery procedures must olsc te
orovided for thoses instances whzn part of the
database 13 inadvertantly Jdestroyeds The Dackup
tdpes Can Dbe us23 To oring sdch a Jdestroyed
Jatabase back up To its current state of integrity,
This requiresy howevery, that the backup tapes
contain "cliean' data. This vecomes especially
relevant wWhen dealing with multi=segment files,
since ObM linkajges in one segment may reflect &
Jafferenrt srtate than Tthose (n another segment, To
this €ndy the U3M must estacvlisn some intelligent
communication intertace witn ths BAULKUP facitity |(f
it i35 TOo be wsed to advantaye. User-initiared
CLEANPOINTS will contribute towuard such & gosle a3
Wwall U8M  initiated CLEANPOINT3. Tne OBM will Jump
updated segments cniy after it nas assured iPtself
that all segments to bz Jumped are irn 3 CLEANPUINT
StTatre.
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~Privacy/osecurity
Tne UBM shall rely orimarily on Alcess GControl
Lists to insure privacy on fthe schefMay SUub=3Chemna
ana relation levels, Tnis snall tall under the
responsioslity of tha Datanase Aaministrator.
Provisions will ve made TO provide the tuture
capability to LIUK and UNLOGK items at the
attribute lewvel,

~Loncurrent Updare

Concurrent update of o sub=-schsma shsll not o=
protected. This fegature may Ge provides in tne
future.

G UJaM sdpport Softwara

The support software to be proviaed shall include
Jrtilitics to 103dy mrecover und anclyze & l1atavase 3. well a3 ar
end-user-facilirye.

41 Loau and Unlocayg Utitity

The Load Utilityy wratten in PL/71,y 35hall e 323igned T
run as 4an absentec pProcessy wnicn will accept parameters
dafining the ras Jafta to e 103dede The Lozd Utidity will
JenNerate ol Necesssry uUnague_ias and wall loasad all relevant
linkaze files {(wnich wiill pravicusly have caen ¢created Dy tha
Schema Processor)s The gatabase referenced vy the Load uUtility
snall pe tnat datapase defined by th s3chema {rather than =
sub~schemzsdle The Load Jtility shall rnormally ce tne
responsicvility of the Jdatabase administrator.

ine Jnilovaad Jrtility shatl e Jesigned to Jump 12 Tace all
0~ Selected oortions ot a Jatabasey iInciuding ol ~=zlzvant
SYs3tem Jdotla such a5 pointers and Jdirectoriess

4e2 Racoverly Utidlity

Tne Recovery UTility shall inferface witn The Mult.cs
BALKUP facility to provide for "clean™ JdalTabase2 recovely. The
recovery snall o2 a3 adtumatic a3 pos33ibl 2.

hed3 Anaiysis Jrtility

4 Utility to analyee the Si2ze of datas_relations,
kKay_relations and cross_relarions shall be proviaged. Tne
Analysis Utillity shall also serve as a verification aiil in
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Jeterminitg the exisftencey or lack thereofy of linkayges betadeen
tne entities ot various cata_relations.
Hel4 ENI=JsSer=Facitity
Some type of end~user=facility shaill be proviasgd &7 some

times IThis facility snalt include byt not oe limited to rthe
following Capabitificsi

=Bovlean refriavals

~computations

~sorting

screation ot aJdyregata datasets

=~e2port gen=ration

4oY Instrumentation

Scme provision should ve made for meqgsuring 08M performance.
Sum:z 0GViOUS areas to cxamine would be The Time requireld to
perform overnead lavory such as pointer upJdatingy the time
reguirea to refrizve entities participaring 1n different
structures and the time required to raspona to a reguest in an
interactive genvironment.



